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TRANSACTIONS. 


1.—On the Number of Dust Particles in the Atmosphere. By Joun Airken, Esq. 
| (With a Plate.) 


(Read 6th February 1888. 


* The gay motes that people the sunbeams.” — Milton. 


The solid matter floating in our atmosphere is every day becoming of greater and 
greater interest as we are gradually realising the important part it plays in the economy | 


of nature, whether viewed as to its physical, physiological, or meteorological aspects. 
One fundamental point on which we have at present very little information of anything 
like a definite character, is as to the number of solid particles present in our atmosphere. 


We know that they are very numerous, and it seems probable that the number varies © 


under different conditions of weather; but what number of particles are really present 


under any conditions, and how the number varies, we have at present very little idea- — 
In this field of research the physiologists are far in advance of the physicists, as they have | 
devised means of counting the number of live germs floating in our atmosphere, and — 
already we have a good deal of information as to how the number varies under different — 


conditions. 


Part of our ignorance regarding the dead organic and inorganic matter floating in the — 


atmosphere may no doubt be due to the apparent difficulty of an investigation of this 
kind, where many of the particles to be counted are so extremely small that they are not 
only invisible to the naked eye, but are beyond the highest powers of the microscope. 
But, though this may be the case, yet the real reason of our ignoranee on this subject 
would rather appear to be, that no one has seriously set himself to the investigation of the 
subject ; the problem, though apparently one of considerable difficulty, has turned out 
to be of comparatively simple solution, when the degree of accuracy required is not very 
great. When we consider the numbers we have to deal with, and the conditions of the 
problem, perfect accuracy does not indeed seem possible. 
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Introduction to the Method of Counting. 


I shall here give an account of a method I have devised and developed for counting the 
number of dust particles in any sample of air; and the figures which-have -been obtained 
will, it is hoped, help to give definiteness to our ideas as to the numbers of the. — 
floating in the atmosphere, under both natural and artificial conditions. | 

In approaching the solution of this problem, different ideas suggested themselves as to 
the manner of counting the particles, but they all depended on the fundamental prin- 
ciple of making them visible by supersaturating with vapour the air in which they were 
floating. Under these conditions, each dust particle becomes a centre of condensation, © 
and what was invisible by itself becomes quite visible by its effects, as each invisible dust 
particle becomes a centre of condensation, and grows into an easily visible drop. 

The simplest method of carrying out this idea was to put inside a glass receiver the 
air to be tested along with some water, and to cause supersaturation by reducing the 
pressure in the receiver by means of a pump. We know that under these conditions a 
foggy condensation takes place, the whole-receiver becoming packed with small white par- 
ticles, so small that, though visible to the naked eye, they float in the air. Each of the 
fog particles so produced has a dust particle for a nucleus. . Now, it. might be possible to 
devise some means of making an estimate of the number of these fog particles, by some 
sort of microscopic measurement of the average distance between their centres. But, 
supposing we had done this, we should by no means have solved the problem. These 
fog particles do not represent all the dust particles present in the air; only those having | 
the greatest affinity for the vapour being visible, a large proportion having no vapour 
condensed on them. We might, after counting them, allow these visible particles ‘to 
settle, and then again produce supersaturation, which would reveal some more particles. 
This process would, however, require to be repeated a great number of times before the 
last of them would become visible, and as we cannot prevent the evaporation of some of 
_ the drops, many of the particles would be counted twice ; a at the whole process 
seemed too complicated and unsatisfactory to-be worth attempting. 
| The most hopeful suggestion was to put into the receiver only a very small and 
_ measured quantity of the air to be tested, mixed with a large and known amount of per- 


- fectly filtered dust-free air, so that the particles would be so far apart that on super: . 


saturation being made, all of them would become centres of condensation, and thus by 
one treatment every particle would become visible and-be counted. (n trial, the first — 
part of this plan was found to be of easy accomplishment ; by simply increasing the 


proportion of dust-free air to the dusty air, a stage was arrived at in which every particle __ 


_ was made visible by one supersaturation. 

Turning now to the method adopted of counting the drops. In experimenting on con- 
densation in supersaturated air having dust particles in it, [ had noticed that when the 
_ particles are few, the drops are large, that is, large comparatively to what they are when . 
the condensation takes place in ordinary air ;- so large are they, that they are easily seen .° 
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showering down.like fine rain. Now, it appeared to me that it might be possible to 
count the number of drops that fell on a given area. If this could be done, then the 
problem promised to be a simple one. All that would be necessary would be to fix a 
small. stage or platform inside the receiver, at a known distance frem the top, to have 
the surface of the stage ruled into squares of a known size, and then by simply counting 
the number of drops that fell on one of the little squares, it would be easy to make 
an estimate of the number of dust particles in the air tested. 

_ Supposing, for instance, that the platform was ruled with lines at right angles to each 
other, and at 1 mm. apart, and suppose the stage was fixed at 1 cm. from the top of the 
receiver. Then, if say one drop fell on each little square, that would give 100 drops per 
square centimetre, and, as there is only 1 cm. of air above the stage, there will be exactly 
100 particles per cubic centimetre of the air in the receiver; and knowing the amount to 
which the air was diluted with pure air, and expanded by the pump, the calculation for 
the number of particles in the air tested is easily made. Such was the plan which seemed 
to give the greatest promise of success, if the details could be successfully carried out. 

The first thing to which attention was directed was to find the most suitable kind of 
stage or platform on which to receive the drops, and on which they could be most easily 
seen and counted. This simple problem took long to solve ; and now that the difficulties 
are overcome, and the apparatus so arranged that the drops-are very easily seen, and 
quickly counted, it is difficult to see how the timte has been spent. The first counting 
stage tried was a small piece of glass mirror,.ruled on the back with fine lines, at right 

angles to each other, and at 1 millimetre apart. The back of the mirror was covered ‘with 
_ black varnish to show the lines clearly. . The stage was supported inside the receiver at 

-a distance of 1 cm. from the top, and its surface was examined by means of a magnifying 
glass. The stage was illuminated by a gas flame placed at a ahont distance and slightly 
above it. 

This small mirror gave » dense which at first looked highly satisfactory, the drops being 
clearly visible on its surface with the aid of the magnifying glass. But when it came to 
counting the drops, the unfitness of the arrangement was evident; for over the most of its 
surface the drops appeared double, and the confusion produced by the reflected images 
caused its.use to be abandoned-at once., The next arrangement tried was a mirror made 


- af very thick glass, so that the reflected image might be quite out of focus; ‘but the result 


- was not satisfactory, as the cross lines on this stage had to be etched on the upper surface, 
and these lines caused a good deal of light to be reflected from the mirror, and prevented 
the drops being so easily seen as on the first one. The next attempt was made with 
-microscope glass, on which I deposited silver in the usual way; but though the thin glass 
_ brought the drop and its reflected image almost together, yet it had to be abandoned, as 
all the samples of this kind of glass tried were too rough and full of _— and eal 
the most highly finished glass is suitable for the purpose. 
, After this, glass mirrors were abandoned, and another arrangement tried, Instead of © 
-- using a mirror lighted from above, the stage was now lighted from below, and a small piece 


> 
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of thin and carefully selected glass was used instead of the mirror. The glass had fine 
lines etched on its surface. This arrangement gave very fair results, though not so satis- 
factory in some respects as the mirror, if only the double image of the latter could be got 
rid of. Attempts were therefore now directed to see if the mirror arrangement could not 
be improved. To get rid of the double reflection, a silver mirror seemed to be the best 
thing, if it could be got sufficiently perfect on its surface. My first attempts in this 
direction were made with silver deposited on highly polished glass plates, the silvered side 
of the glass being used. These mirrors gave highly satisfactory results, but were much 
too delicate, being easily destroyed by water. With some difticulty, | however succeeded 
in getting plates of solid silver with a surface sufficiently perfect for the purpose. 

Silver mirrors, with fine lines ruled on them at 1 millimetre apart, are now the only ones 
used, and are found to work very well, though they require considerable attention to keep 
them in working order. Before beginning work, the mirror is always polished, occasion- 
ally on a buff wheel with rouge, and finished off on a wool wheel. In polishing, care has 
to be taken that the plate is always rubbed in straight lines in one direction and along 
one set, and that always along the same set of ruled lines and across the other set, no 
cross or circular rubbings being made. The reason for this is, that, when the rubbing 
marks are all in one direction, it is possible so to arrange the direction of these rubbings 
with regard to the position of the light that the surface of the mirror will look black, and 
the drops shine out brightly on its surface. 

Over the receiver is placed a cover, blackened inside to exclude all light except what 
comes from the gas flame, and an opening is made in the top of it through which the 
stage is viewed by means of a lens. The mirror requires care in its adjustment with 
regard to the position of the light to enable the drops to be easily seen. It should 
be turned so that a diagonal to the little squares on its surface will point to the light. 
When the lighting is properly adjusted, the mirror appears black on looking through 
the lens, while the lines are distinctly but not brilliantly illuminated, and when the 
drops fall on the mirror they show as bright specks on the black surface. 

An interesting illustration of the spheroidal condition is often seen in these experiments. 
When the stage is very slightly warmer than the drops, they do not adhere to the plate, 
but roll on its surface, moving towards the lowest part. They glide over the little 
squares till they meet a boundary line into which they fall, and in which they roll down 
till quite evaporated. So little resistance do they meet with in their movement, that it 
is almost impossible to make the stage so perfectly horizontal that they will not roll one 
way or another. This rolling of the drops interferes much with the counting, but, as it 
can be easily avoided, counting should never be done while the stage is in this condition; 
because, in addition to the difficulty of counting, some of the drops evaporate before they 
can be counted. Glass plates seem to be more liable to this difficulty than the silver 


ones, probably owing to glass being a better absorber than silver of the radiant heat of the 
illuminating flame. 
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Description of Apparatus. 


Having given a general outline of the method employed for counting the particles, I 
shall now describe more particularly the apparatus first used in this investigation. The 
general arrangement of the apparatus is shown in the Plate. All the apparatus is of the 
simplest kind, and can be easily obtained ready made, with the exception of the small 
stage on which the drops are counted. The different stages used in this investigation 
were ruled by myself with the aid of a simple instrument constructed for the purpose, 
but which need not be described here. In the figure A is the test receiver into which the 
air under investigation is introduced, and inside which the particles are counted. It is 
an ordinary glass flask with flat bottom, and supported in an inverted position. B is an 
air-pump connected with A by the india-rubber tube C. It may be mentioned that the 
pump B is drawn in the position shown in the sketch for the convenience of illustration. 
In the actual apparatus it is fixed horizontally a little above the level of the table, as this 
position has been found to be the most convenient for making a stroke of the pump while 
the eye is kept steadily applied to the magnifying glass. D is a cotton-wool filter con- 
nected with A by means of the pipe E. The pipes C and E pass through an india-rubber 
stopper in A, and project upwards into the receiver; C stops about the middle; while E 
rises to near the top, and forms the support to which the counting stage O is attached. 
F is a stopcock for closing the connection between the receiver A and the filter D. 


The air to be tested is introduced into the flask G. This flask is provided with an — 


india-rubber stopper, through which pass the two tubes I and K. The tube I enters only 
a short distance into the flask, and is provided with the stopcock H. The upper branch 
of this stopcock communicates with the tube EK by means of the movable air-tight joint 
L. The other tube K attached to the flask G passes downwards to near the bottom of 
the flask, while outside it is connected with the small glass vessel M in the manner shown, 
by means of a length of india-rubber tube. The vessel M is made large enough to hold 
a few cubic centimetres of water, and at the lower end, at the narrow part, is an engraved 
index line. Above the vessel M is supported the burette N. 

To keep the air under examination saturated with vapour, some water is put into the 
receiver A, and from time to time the receiver is inverted, and the water moved about 
inside the flask so as to wet the inner walls. To enable this to be done easily, there is 
a break in the metal tube E, just below the stopcock F, which is joined by means of a 
short length of india-rubber tube, so that when the ring which supports the receiver is 
removed, it can be turned about in any direction to bring the water inside in contact with 
all parts of the interior. 

The stage O on which the drops are counted, as already explained, is made of a small 
plate of highly polished silver; it is a little over 1 cm. square, and ruled with very fine 
lines at right angles to each other and at 1 mm. apart. The stage is supported inside 
the receiver A by means of the pipe E at exactly 1 cm. below the flat top of the receiver. 
The object of fixing the stage to the top of the entrance pipe is that the stage often gets 


| 

| 
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covered with a heavy deposit of dew, in which state it is quite useless, but when mounted 
in the manner shown, the dew is easily cleared away by heating the tube E, when the 
heat is carried forwards to the stage by the entering air on its passage from the filter to 
the receiver. It will be noticed that the stage is not placed centrally over the pipe E. 
This arrangement has been adopted because it has been found to keep the stage in the 
best working condition. If the stage is too hot, the drops roll away and quickly eva- 
porate ; on the other hand, if it is too cold, the surface gets wet, and counting becomes 
impossible. It has been noticed that the entering air tends to cool the stage, and it is 
found better to confine the cooling to one side of the stage, because, by this arrange- 
ment, thereis gene rally some part of it at the temperature most suitable for easy count- 
ing; and, as only one or sometimes four little squares are required, there are always 
plenty to select from in the hundred on the stage. The stage is viewed through the 
bottom of the flask, by means of the compound magnifying glass 8. A common cheap 
instrument, to be had from most opticians, has been found to be quite suitable for this 
purpose. 

The pipe C, connecting the pump with the receiver, terminates inside the receiver in an 
enlargement P, which is packed with cotton wool for a reason which will be explained 
later on. The stage O is illuminated by means of the gas flame R, the light from which 
passes through the spherical flask Q, which is filled with water. This spherical lens sifts 
the heat out of the rays, and concentrates the light on the stage. T is a screen enclosing 
the receiver A, to cut off all light except what is concentrated on the stage by the lens 
Q, and it is blackened inside to check reflection. 

Suppose now the apparatus fitted up as shown in the figure, and that we wish to test a 
sample of air, the first thing to be done is to close the stopcock H, and open F. The 
pump B is now worked, and air drawn through the filter D, this is done for some time 
till the air begins tog etpurified; or most of the air may be pumped out and filtered air 
allowed to enter. After this has been done the stopcock. F is closed, and a stroke of the 
pump made ; condensation then takes place inside the flask, and if the air is nearly pure, 
the drops are large and soon settle down. After they have fallen, the stopcock F is again 
opened, and filtered air allowed to enter, when it is again closed, and another stroke is 
made with the pump. This is repeated till all condensation stops in the flask. The air 
inside the receiver is now free from all dust particles. The stopcock F is then closed, the 
tube K disconnected from M, and the stopcock H withdrawn from its air-tight fitting L. 
The flask G being thus thoroughly disconnected from the apparatus, its stopper is now 
removed, it is filled with water, and carried to the place from which we wish to take a 
sample of the air to be tested. Here the water is nearly all emptied out of the flask, and 
the air enters to take its place. The stopper must now be tightly fitted in, the stopcock 
closed, and the pipe K filled with water and clamped. Returning with the flask to the 
apparatus, the stopcock H is carefully fitted into its place, the tube K connected with 
M, the lower part of M being full of water, and care taken that no air gets shut in between 
the water in the tube and the water in M. The stopcock H is now opened, and water 
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allowed to pass from M into the flask, till the water in M falls to the index line. The 
air which has been displaced by this process from the flask G enters the tube E, and moves 
in the direction of the filter. One or two strokes of the pump and corresponding con- 
densations in the manner explained soon gets rid of this impure air. After all condensa- 
tidn has ceased, some water, say 1 c¢.c., 1s allowed to run from the burette N into M, and 
one stroke. of the pump is made, care being taken that both stopcocks were previously 
closed. The stopcock H is now opened till the water in M falls to the index line, after 
which it is closed. By this process 1 ¢.c. of air is displaced from the flask G and sent 
into the tube E. The stopcock F is now opened, and, as we had previously made a stroke 
of the pump, air rushes in from the filter and carries the 1 c.c. of dusty air along with it 
into the receiver. The stage is now carefully watched through the magnifying glass, and 
one stroke of the pump made, the eye being steadily fixed on a selected square on the 
stage. At once a shower of very fine rain is seen to fall, and the drops that fall on the 
selected square are counted. If the stage is too hot, the drops rapidly evaporate, and 
the attention must be confined to one square ; but in certain conditions, difficult as yet 
to maintain, the drops remain visible a considerable time, so the number on a.great many 
squares can be counted, and an average quickly got ; but in most conditions of the stage 
the test must be repeated frequently before a satisfactory average can be obtained. The 
measured quantity of water must again be run into M, and its equivalent of air displaced 
from G into the tube E, and carried into the test receiver, condensation produced, the 
drops counted for say ten timés, and the average taken. | 

Too much dusty air must not be sent into the test receiver at one time, or the drops 
will be too close for counting ; and further, the whole of them will not be thrown down ; 
some of them will remain as dust, and will fall if a second expansion is made. Any error 
from having too many particles present need never take place, as in practice there is 
a constant check on the number admitted in the following manner :—After expansion 
has been made and the drops counted, the stopcock F is opened, and filtered air allowed 
to enter. A stroke of the pump is then made to prepare the receiver to draw in the air 
for the next test, and if, while this stroke is being made, we watch the stage, we shall see 
whether any drops fall or not. If none fall, then the amount of dusty air admitted has 
been within the correct limits ; but, if any drops appear, then too much has been used, and 
less water must be run into M for the next test. If no condensation took place after this 
stroke was made, the measured quantity of dusty air is again passed into the tube E, and 
carried into the receiver for another test. A complete check is thus kept on each test, 
ensuring that all the particles in each quantity of air tested have been thrown down. 

Let us now take an example to show the manner of estimating the number of particles 
in a sample of air by means of this apparatus. In addition to the number of drops per 
square millimetre, the quantities required to complete the estimate are, the capacity of 
the receiver A and of the pump B. In the apparatus sketched, A has a capacity of 500 
c.c., but, as there are 50 c.c. of water in it, its air capacity is reduced to 450 cc. If 
into this pure air we introduce 1 c.c. of the air to be tested, the dusty air will be, 
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so to speak, diluted 450 times. But the air is not only diluted, it is also expanded by 
the pump, which has a capacity of 150 ¢.c. The dust that was in our original 1 c.c. is 
thus expanded by the two processes into 600 c.c. The number of drops per c.c. counted 
on the stage must therefore be multiplied by 600 to give the number in the 
original cubic centimetre of dusty air. Suppose that we counted one drop per square 
millimetre, then, as there is 1 cm. of air above the stage, this will give 100 drops per 
cubic centimetre in the diluted and expanded air, and this multiplied by 600 gives 
60,000 dust particles per cubic centimetre of the air tested. 

With apparatus of the proportions shown, the described method of working is suitable 
for air in the condition usually found outside, but it will not do for such air as is found in 
rooms where gas is burning—1 c.c. of air of this kind when expanded only 600 times 
would give such a dense shower of drops that it would be impossible to count them. We 
might, of course, put in less than 1 c.c. of the air to be tested, but it is evident that 
accuracy cannot be obtained if very small quantities are used, because it is difficult to 
measure them correctly owing to variations in temperature and pressure, and also 
because of the imperfections of the apparatus. The tubes connecting the stopcock H are 
made of as small diameter, and as short as possible; yet, it is evident that, however 
small we make them, they will always hold some air, which, by the construction of the 
apparatus, is counted in the measured air ; but owing to the smallness of the tubes this air 
will not have so much dust in it, as much of it will settle out while standing. 

A better plan for testing very dusty air is, first to fill the flask G with water, attach it 
to the apparatus, and after purifying the air in the receiver, open the stopcock H and 
disconnect K from M; then syphon out a measured quantity of water, say 400 c.c., allow- 
ing filtered air to enter by H to take its place. The flask G is then disconnected from 
E, and 40 ¢.c. of water syphoned over, while its place is taken by, the air we wish to test, 
which is allowed to enter by the stopcock H. The rest of the testing is made as before ; 
and the calculations are all as in the previous example, only multiplied by 10, or whatever 
the proportion was in which we mixed the dusty air with pure air in the flask G. 

Another method of working, and the one which was principally used in the pre- 
liminary work, is somewhat different, and seems to possess some advantages over the 
one described ; the apparatus, however, is much larger. In this other method the flask G 
and the filter D are removed, the rest of the apparatus remains as shown, and in place of 
the flask a gasometer is used. The gasometer employed has a capacity of 20 litres; it is 
delicately hung, and accurately graduated, so that air can be measured in it to an accuracy 
of about +4, litre. The gasometer is provided with a large filter 5 inches in diameter 
and 5 inches deep. The manner of working is as follows :—Back weights are put on, and 
air drawn in through the filter till the gasometer is nearly full. A measured quantity of 
the air to be tested is then added to it, and the mixture stirred by means of a metal disc 
which can be moved up and down inside the gasometer. 

When testing the outside air, it is introduced into the gasometer by means of a pipe, 
one end of which passes to the open air, while the other is attached to the gasometer. 
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The outside air is drawn through the pipe for some time just before it is connected with 
the gasometer. One litre of air is drawn into the gasometer which had been previously 
nearly filled with filtered air, and filtered air is then added to complete the 20 litres, the 
whole is stirred, after which the stopcock attached to the gasometer is opened, and ,% of 
the air allowed to escape, after which the gasometer is again filled up with filtered air. The 
gasometer is now connected with the test receiver by means of the tube E, the air in the 
test receiver having been previously purified by means of a filter. The air from the 
gasometer is now made to flow through the test receiver for some time to expel the 
pure air, the stopcock is then closed, expansion made, and the drops counted. Or, 
instead of passing a great quantity of air through the receiver so as to expel all pure air 
from it, we may allow only just as much to enter as will supply the place of what was 
taken out by the one stroke of the pump when the expansion was made. These two ways 
of working, of course, give different numbers of drops per millimetre, but, when the 
calculations are made for the different conditions, the numbers are alike. 

The dusty air in the gasometer was, by the process described, first mixed with 19 times 
its volume of pure air, and then ;4 was mixed with 9 times its volume; so that the 
original air was diluted 200 times. This proportion is found to suit some states of the 
outside air; but for air with more particles in it, such as the air of a room, the process 
has to be repeated twice or even three times, each process of emptying to +p, and filling 
with filtered air, requiring the number of drops to be multiplied by 10. The gasometer, 
however, is not always emptied to ;4,; the density of the shower which appears when a 
trial expansion is made gives an idea of the amount of dilution required before correct 
counting can be done. It would save time with very dusty air to let out more than ,% 
before filling up with pure air, but it is not thought advisable to do so, as the measure- 
ments made with the lower part of the gasometer are never so accurate as those taken 
further up, owing to evaporation altering the level of the water. In some cases the air 
to be tested has been introduced by displacement, the air being contained in a large 
bottle and displaced by means of a measured quantity of water, attention being given to 
keep pressure correct. By this method of working, we can mix very small quantities of 


the dusty air, and make the test without emptying and filling the gasometer a number 
of times. 


On some Necessary Precautions. 


In developing a process of this kind, it was quite to be expected that many difficulties 
would present themselves. Most of these have now been overcome, but more than once 
the task appeared hopeless. Everything would go right for a time, then all at once it 
would break down. The number of particles counted in the successive tests of the same 
air would be fairly constant for a number of times; it would then increase to an amount 
far exceeding the limits of the errors of observation. Now that the road is cleared and 
the principal obstructions removed, it is difficult on looking back to see where the 


obstructions were, as their cause, and the manner of avoiding them, are now so 
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evident. If it were not for my note-book and the interval of time which has 
elapsed since the preliminary trials were made with the apparatus,—time which has 
been spent in clearing these obstructions,—one would be unconscious that they ever 
existed. As, however, these same difficulties will probably occur to any one who may 
be induced to follow this line of investigation, it is advisable that some reference be made 
to them, and the manner in which they may be avoided pointed out. 

When the different tests of the same air gave such different results, it was at first 
thought that the difference might be due to imperfect filtering. In the process described 
we take an amount of filtered air and mix it with a small amount of the dusty air we 
wish to test, and we assume that all the centres of condensation were dust particles con- 
tained in the dusty air. Now, it is very evident, that if the pure air is imperfectly 
filtered, our results will not be true, and the numbers will vary with the more or 
less perfect filtration of the air. As then the filtering of air lies at the very root of 
the matter, it was thought advisable to study this process more in detail, and determine 
whether it is possible by means of cotton wool to filter out all the dust particles, and, if 
possible, to determine the conditions under which this can be done. 

The apparatus used for studying this question was much the same as that represented 
in the Plate. The flask G was removed, and the pump and the filter connected with the 
receiver in the manner shown ; the connecting pipes, however, only entered the receiver to 
a height a little above the level of the water, so as to leave the interior of the receiver 
clear for observing any condensation that might take place. The gas flame was brought 
down to very nearly the level of the receiver, the light being allowed to pass through the 
opening in the screen U, the screen being painted black on the side next the receiver. 
By this arrangement a strong light was thrown into the receiver by means of the water 
lens, and by taking up a position with the eye a little above the level of the receiver, the 
light was not seen, while the illuminated drops were clearly observed against the black 
background. Some other little black screens were also introduced to cut off all light 
except that coming from the drops, but these need not be particularly referred to, as each 
operator will adjust them to suit himself. 

The filters consisted of cotton wool packed into glass tubes, similar to that shown at D 
in the figure, only of different lengths. The internal diameter of these tubes is 1 inch. 
A plug of wire-cloth was fitted into the bottom of each tube for the wool to rest on and 
prevent it pressing into the small exit tube. 

The filtering powers of different lengths of closely packed cotton wool were tested 
in the tubes, beginning with a length of 1 inch, and gradually increasing up to 12 
inch (30°5 cm.). There appeared no very definite method of measuring the effect of 
different lengths, as, in addition to the tightness with which the wool is packed, the 
| filtering power depends on two things. First, the thickness or length of filter; and 
_ second, the rate at which the air is passed through it. The following is the method 
_ employed for testing the filtering powers of tightly packed cotton wool, and will give 
an idea of the filtering power under different conditions :—The receiver employed has a 
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capacity of 450 c.c., while the volume of the pumpis 150 c.c. In making an experiment, 

one stroke of the pump is made, and after the drops inside the receiver have settled, the 

stopcock F is opened and air allowed to enter, the air passing through the filter on its 

way. It was found that with a length of 1 inch (2°5 cm.) of wool in the filter, the 

air was very far from being freed from all its dust, as a shower always fell after expansion. 

But, if the rush of the air through the filter was checked, and it was made to pass slowly 

through, then all the dust was taken out. More and more wool was now packed into the 

tube, with the result, that when a length of 3 or 4 inches was attained the air might be 

allowed to rush unchecked through the filter, and yet be perfectly freed from all dust. 

Part of this better filtration is the result of the greater length of wool passed through by 

the air, but very much is due to the checking of the rush of air by the greater length 

of wool. When more wool was packed into the tube, no difference whatever was detected 

in its filtering power. It was, however, found that with even 12 inches of wool the 

filtration, though perfect under the conditions described, was imperfect if the air was 

made to rush through it more violently. If three strokes of the pump were made instead 

of one, before the stopcock F was opened, the rush of air was sufficiently violent to carry 
some dust through even 12 inches of tightly packed cotton wool. 

These results point clearly to the necessity of testing the filter connected with any 
apparatus, under exactly the conditions under which it will be used. When working with 
certain arrangements of apparatus, such as that shown in the Plate, where an air-pump is 
used, it does not matter how much wool we pack into the filter, the pressure employed 
is so great that the resistance of the filter does not practically interfere with the working 
of the apparatus, in which case it is advisable to have a great thickness of wool. But 
when working with the gasometer arrangement, the pressure available for drawing the air 
through the filter is very small, and a great length of wool would retard the filtering and 
waste much time. The filter for the gasometer was therefore made of very large area, to 
teduce the rate per unit of area at which the air passes through it; and after enough of wool 
had been packed in to give perfect filtration, when used under the pressure at which it was 
to be worked, a large amount more was added to give a good factor of safety. In work- 
ing the gasometer arrangement, it has been customary to test the action of the filter every 
time the gasometer is being filled with filtered air. This is necessary not only to see 
that the filter is acting perfectly, but also to make sure that all dusty air has been washed 
out before we begin to fill with filtered air, as it is difficult to get rid of the last trace 
of dusty air in the gasometer and its connecting pipes, and this can be done only by 
washing with filtered air and testing. 

What I have here stated definitely with regard to the filtering powers of different 
lengths of cotton wool was very far from being clear while the investigation was going 
on. At that time, what has been stated seemed to be the general conclusion, but any 
thing like confidence in it was destroyed by the many exceptions. For instance, the 12- 
inch filter seemed to do its work perfectly, filtering the air from every dust particle, so 
long as the rush of air through it was limited to that produced by one stroke of the pump. 
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Time after time the air would be perfectly free from all traces of condensation when 
expansion was made, then apparently without reason it would break down, a dense 
shower of rain would fall, and then the next time perhaps none, but only to be followed 
by failure before long. 

As we shall see, there were many causes for the failure of the filtered air to keep free 
from condensation when expansion was made. These we shall consider separately. This 
failure, of the air to keep clear, at first seemed unaccountable with so large a factor of 
safety as was given by 12 inches of cotton wool, which is four times what was found to 
be required for perfect filtration under what appeared to be the same conditions. The 
first thing that was suspected was some fault in the joints of the tubes where the metal 
or glass joined the india-rubber. When any new failure occurred this was always the 
first thing suspected. Time after time were the joints taken down, and remade with a 
solution of india-rubber, and the stopcocks cleaned, greased, and tested; but in almost 
no instance were these found to be at fault, as india-rubber solution makes a perfect joint 
so long as it has not been severely strained. 

One explanation of the failure seemed to be that after all the filtering might not be 
perfect, that the filter only kept back the larger particles while it passed the extremely 
small ones. Sir WiLt1AM THomson has concluded from certain phenomena of capillarity 
that the vapour pressure at a concave surface is Jess than that at a flat one; and Professor 
CLERK MAXWELL has extended this conclusion to convex surfaces, and has shown that the 
vapour pressure at a convex surface will be greater than that at a flat one, and that the 
smaller the body, that is the quicker its curvature, the higher will the vapour pressure be 
at its surface. From this we see that air which is saturated at a flat surface is not 
saturated at a convex one, and also that the smaller the body the higher will the super- ~ 
saturation require to be to produce condensation on it. In our ignorance, it seemed from 
this just possible that the degree of supersaturation produced by the amount of expansion 
used in the experiments might just be about enough to cause condensation on these 
extremely small particles, so that in one test the degree might be exceeded, while in the 
next it might not be reached. 

These considerations pointed to the necessity of studying this point separately. 
Given a quantity of ordinary air, we have, in a previous communication, shown reasons 
for supposing that condensation begins before supersaturation is reached, owing to an 
affinity between the material of the dust particles and water vapour. When supersaturation 


is made in this air, these particles, owing to their affinity for water vapour, are the first 


to become visible by the vapour condensing on them. Suppose these are allowed to settle, 
then, when the next expansion and supersaturation is made, the probability is that the 
largest particles will take the next burden of vapour, and that the smaller ones will be 
left to be taken down by a subsequent supersaturation, till at last the smallest particles 
only are left to be brought down in a similar manner. This is theoretically what we 
might expect to happen, because the smaller the particle the higher will the vapour 
pressure be at its surface, and the higher therefore the supersaturation must be before 
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condensation can take place on it; but a high degree of supersaturation is not possible 
while the larger particles are present, and it is not till the air is freed from them that the 
higher degree of supersaturation necessary to cause condensation on the smaller ones is 
possible. 

_ In order to determine whether the showers observed with the high degree of super- 
saturation used in the tests were due to the presence of extremely small particles, it 
was necessary for us experimentally to determine whether the size of the particles has 
practically any influence on the degree of supersaturation required to cause them to 
become centres of condensation. 

In order to get an answer to this question, the apparatus was arranged very much as 
described for testing the filtering powers of cotton wool, that is with the test receiver A, 
connected on the one side with the air-pump, and on the other with the tube E, through 
which air could be drawn either from the filter or the gasometer. Through the india- 
rubber stopper in the receiver A was passed a third tube, to the lower end of which was 
attached a burette provided with a stopcock. The burette was fixed in an inverted 
position to the projecting end of the tube by means of a small piece of india-rubber 
tubing. The burette dipped into a very tall vessel full of water. This vessel was so 
arranged that it could be easily raised and lowered, or fixed at any desired height. The 
burette and vessel of water-were used as an air-pump for producing small and known 
amounts of expansion of the air in the receiver. The ordinary air-pump could not be used 
for this purpose, as it is not suitable for making small and correctly measured amounts 
of expansion, and also because, in this experiment, the air which is taken out of the 
receiver at each expansion has to be returned to it, as no air from the outside can be 
admitted during the test. 

Supposing the apparatus arranged as described, the following is the manner adopted 
for testing the condensing powers of the different particles:—The air in the receiver and 
connecting tubes is first purified by pumping air through the filter. All connection is 
then cut off with the outside air by closing the stopcock F between the receiver and the 
filter. No stopcock is necessary on the exit tube, as the air-pump stops the passage of 
air in that direction. The burette stopcock is then opened, and the tall vessel of water is 
lowered till the water in the burette falls 2c.c. The support under the vessel is then 
fixed at this level, after which the vessel is again raised to its original height and kept 
there till the water in the burette has recovered its original level. The burette stopcock 
is now closed, and the vessel lowered to its previous position. The apparatus being thus 
adjusted, the air to be tested is drawn into the receiver through the pipe E from the 
gasometer. After a short time, to allow any change of volume to adjust itself, the con- 
nection between the receiver and the gasometer is cut off, and the testing begun by 
opening the burette stopcock, when the water in it at once falls, and draws out 2 c.c. of 
air from the receiver. This expansion gives rise to condensation, the small fog particles 
being easily seen with the aid of a magnifying glass. After sufficient time has been 
given for the particles to settle, the tall vessel of water is raised, and the 2 c.c. of air are 
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returned to the receiver. In a short time after, when the air is again saturated, the 
process is repeated, the tall vessel lowered, 2 c.c. of air drawn out, and a shower of fine 
particles produced in the receiver. 

Repeating this process a number of times, it was found that on each succeeding 
expansion the denseness of the condensation became less and less. At first the particles 
were numerous, very small, and fell very slowly, then after a few expansions they decreased 
in number, while they increased in size, and fell more quickly. After a considerable 
number of expansions had been made, condensation entirely ceased, not a drop being 
seen to fall. When this condition was attained, the tall vessel of water under the burette 
was lowered so as to cause an increased expansion. The vessel was lowered so much 
that on the burette stopcock being opened the water in it fell 5 c.c., arrangements for 
this having been previously made. When the stopcock was now opened, a dense shower 
of drops made its appearance in the receiver. An expansion of 5 c.c. thus produced 
condensation in air which had no nuclei for an expansion of 2 c.c. Continuing the test, 
the vessel of water was raised, and the 5 c.c. of air returned to the receiver, the stopcock 
shut, and again opened after a time, when another but less dense shower fell. After this 
was repeated a few times, no condensation took place with an expansion of 5c.c. The tall 
vessel of water was then lowered still further, this time to an extent to cause the water 
in the burette to fall 10 c.c. When this was done, another shower made its appearance, 
but not nearly so dense as the first one which fell when the expansion was increased to 
5 c.c. After a very few 10 c.c. expansions, the condensation stopped. After this con- 
dition of matters was attained, an expansion of 150 c.c. was made by means of one stroke 
of the air-pump. When this was done, scarcely a drop made its appearance. 

We see from this experiment that a very slight degree of supersaturation will cause 
condensation on some of the dust particles in the air, but that the degree of supersatura- 
tion which is sufficient to cause some particles to become active centres, is yet insufficient 
to cause condensation to take place on others. An expansion of 5}, produced a super- 
saturation sufficient to cause condensation on more than one half of the particles, but it 
required a higher degree of supersaturation to produce condensation on the others, many 
of them requiring the supersaturation produced by an expansion of zy before vapour 
condensed on them. 

It may be concluded from this experiment that we have here distinct evidence that the 
condensing powers of the dust particles is affected by their size. No doubt the com- 
position of the particles has an effect on the degree of supersaturation necessary to make 
even the small particles active, yet the affinity between the material of the particle and 
water vapour does not satisfactorily account for the different degrees of supersaturation 
required to make the different particles active. Though a small particle which has an 
affinity for vapour may have the same condensing power.as a larger particle which has 
no affinity, yet the affinity alone does not explain the necessity for supersaturation to 
make any of them active ; this, so far as we know, can be explained only by the sizes. 

We see from this experiment that an expansion of ,), is nearly, perhaps quite sufficient 
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to cause condensation to take place on even the smallest particles in the air tested; from 
which we may conclude that the showers which unexpectedly took place from time 
to time in the experiments described, where high expansions were used, were not due to 
the presence of extremely small particles which had become active with the high degree 
of supersaturation. | 

As already stated, Sir W1LL1amM Tuomson has shown that the phenomena of capillarity 
give experimental proof that the vapour pressure at a concave surface is less than at 
a flat one. In the experiment above described, we have what is, so far as I am aware, 
the only experimental illustration of the complement to that conclusion, as it demonstrates 
that the vapour tension at a convex surface is greater than that at a flat one, and also 
that the smaller the body, that is, the quicker the curvature, the higher is the vapour 
pressure at its surface. 

In describing the apparatus last used, it was stated that the air tested was drawn from 
the gasometer. The object of this was that in making an experiment of the kind described, 
it would have been an almost endless task to throw down all the particles in ordinary 
air, by successive showers, in the manner described. The gasometer was therefore used 
for mixing a small quantity of the ordinary air of the laboratory with a large amount of 
filtered air. Working in this manner, we have samples of all the different kinds of dust 
in the air, and a comparatively few expansions are sufficient to complete the series 
necessary to throw down all the particles. | 

In making experiments of this kind there is a necessary precaution we must refer to. 
The air under test is kept saturated by the wet sides of the receiver. It is, however, 
extremely difficult to keep the air from being supersaturated, because any difference in 
temperature of the different parts of the receiver will cause supersaturation where the hot 
saturated air mixes with the colder. Great care was therefore taken to keep the temper- 
ature as uniform as possible, all radiation being cut off, as it is easy to see that if there 
is any supersaturation due to difference of temperature, then a slight expansion would 
have the effect of a greater expansion, and interfere with the correctness of our results. 
In illustration of the effect of supersaturation from inequality in the temperature of 
the different parts of the receiver, the following experiment may be made :—Introduce 
into the receiver air in which there is only a very little dust. Now place the hand on 
one side of the receiver to heat it slightly, and watch the result. Inside the receiver will 
be seen a shower of condensed particles, which will keep falling so long as there is any 
dust in the air and the hot side of the receiver keeps wet. After it stops we may make 
an expansion by means of the pump, but no condensation will take place, the condensation 
produced by the mixing of the hot and cold currents having previously thrown down all 
the particles. 

Having then satisfied ourselves that a very small degree of expansion is sufficient to 
give rise to a supersaturation great enough to cause even the finest dust particles to 
become centres of condensation, we may dismiss the idea that the showers which gave 
so much trouble by their appearance from time to time with high degrees of expansion 
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were due to the imperfect action of the filter. If they were not due to the presence of 
dust, then we are thrown back on the conclusion that they must have been cases of con- 
densation without nuclei. In a previous communication®* reference has been made to 
instances of this kind, in which other substances than water are shown to condense with- 
out nuclei, and experiments are also described in which water vapour seemed to condense 
without nuclei when the supersaturation was sufficiently great. 

If those troublesome condensations, which took place when high expansions were used, 
were really cases of condensation without nuclei, then there seemed to be a way of pre- 
venting them. We know that water may be cooled far below the freezing point and yet 
it will not become ice, if no nuclei be present ; also that water may be heated far above the 
boiling point without passing into steam, if no free surface be present. We also know 
that any violent shock will upset the unstable equilibrium, and determine the formation 
of ice in the one case, and of steam in the other. Now, it is evident that in these two 
cases it is more the violence of the motion than the motion itself which determines the 
change. In both cases there must have been motion in the water due to convection 
currents while it was cooling or heating, but these slow movements were not sufficient to 
cause a break in the strained molecular condition. From this it seemed highly probable, 
that if we checked all violent movements of the air in the receiver, it would be 
possible to carry the supersaturation to a high degree without spontaneous condensation 
taking place ; and, on the other hand, we might, by means of violent movements and 
shocks, cause condensation to take place in supersaturated air though it was free from 
nuclei. 

Acting on this idea, a number of trials were made with air which had been passed 
through a long filter, and saturated. On drawing out the piston of the pump with a slow 
and steady stroke, no condensation ever took place; whereas a quick stroke generally 
brought down a shower, and if the piston was made to strike the cover of the cylinder 
with a sharp blow, the shock invariably brought down a dense shower. These results 
point clearly to the conclusion that the condensation in the experiments took place without 
nuclei, as quick and slow strokes have no influence on the condensation when dust is 
present. It may be mentioned that the expansion was always made quick enough to 
prevent the air in the receiver absorbing so much heat as practically to interfere with 
the cooling effect of the expansion. 

Here then was the key to one of our difficulties, accounting for one cause of the 
variation in the number of particles counted in the successive tests of the same air. 
Many of the drops counted having no dust nucleus, as it would be inconvenient to 
regulate the stroke of the pump while attending to other matters, it was necessary to 
arrange the apparatus so as automatically to check failures of this kind. It has been 
found that this end can be attained by causing the air on its passage from the receiver 
to the pump to pass through a small opening, or, what is perhaps better, through a small 
cotton-wool filter. This filter is made dense enough to check the rush of air, and it also 
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checks any shock being communicated from the pump tothe air in the receiver. In the 
Plate it will be noticed that there is an enlargement P at the top of the exit tube C. 
The interior of P is packed with cotton wool; and a cover is put over all to keep off | 
the showers of fine rain. This arrangement has been found to work perfectly, and it has 
in a simple manner removed one of our principal difficulties, keeping the air free from 
spontaneous condensation with even higher expansions than results from one stroke of 
the pump. 

It may be asked, Why was the use of such high degrees of expansion persisted in, 
when it was accompanied by so many difficulties? One reason was the very existence of 
these difficulties themselves. They had to be satisfactorily explained before any con- 
fidence could be placed in the method of working. If we had confined our attention to 
lower expansions, we could not, for instance, have been certain that the finest particles 
were thrown down and all the dust counted. But another reason was that the high 
degree of expansion makes the drops much larger; they therefore settle more quickly, 
and are more easily counted. 

Passing on to another necessary precaution. In making these tests, as has been 
already explained, it is necessary from time to time to turn the receiver upside down, and 
move it about in such a manner as to cause the water in it to come into contact 
with all parts of the interior. When using the 12-inch filter it was noticed that, after 
doing this, rainy condensation frequently took place on making the first expansion. It 
was thought this time that the failure might be due to some straining of the joints from 
the twisting of the tubes when moving the receiver, or that it might be due to the 
saturation being more perfect after the walls were newly wetted, and the air consequently 
more highly supersaturated on expansion, and therefore in a more favourable condition 
for producing condensation. This class of failures was, however, traced to the manner 
of wetting the inside of the flask, the particles being produced by the splashing of the 
water. If the wetting was roughly done, and there was much splashing, a considerable 
number of particles were manufactured, and a shower always took place on expansion. 
But if the water was quietly moved round inside the receiver, no condensation appeared. 

On another occasion copious showers made their appearance even when using every 
precaution, and the showers persisted, so that it looked as if the apparatus had broken 
down somewhere. At last the source of these particles was traced to a drop of water, 
which had got into the inlet pipe, and wet the lips of the stopcock. The air rushing 
over this wet surface, on its way to the receiver, had torn up the water into fine spray, 
which supplied active centres of condensation. A similar disturbance was also produced 
when the air was allowed to rush too quickly out of the gasometer into the receiver. The 
rush of air over the wet lip of the pipe, where it enters the gasometer, manufactured 
particles enough to give a good shower. 

There are some other precautions which require attention in working the apparatus 
but, as there are some developments of the apparatus at present under consideration, in 
which it is hoped these will be avoided, reference need not be made‘to them here. 
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Estumated Number of Particles in Air from different Sources. 


Having described the method of counting, the apparatus employed, and some of the 
precautions necessary in conducting the tests, 1 shall now give some of the numbers 
obtained by this method of counting. These numbers have all been taken with the use 
of the gasometer instead of the flask G shown in the Plate. Comparative tests have been 
made with the gasometer and flask arrangements, but not sufficiently extensive to give 
accurately their relative values. The numbers given by the flask method are generally 


less than with the gasometer, owing to the particles settling more quickly in the small 
flask than in the gasometer. 


Number of Dust Particles in Air. 

Source of Air. Number per c.c. | Number per c. in. 
Outside (Raining), . 32,000 521,000 
Outside (Fuir), . : 130,000 119,000 
Room, . 1,860,000 30,318,000 
Room near ceiling, . ' 5,420,000 88,346,000 
Bunsen flame, . : 30,000,000 489,000,000 


In the first column of the above table is entered the source of the air tested. In the 
second column the number of particles per cubic centimetre ; and for the benefit of those 
who prefer English measures, there are entered in the third column the numbers per 
cubic inch. 

The experiments made on the air of our atmosphere are too few as yet to enable - 
us to draw any conclusions from them. but, so far as they go, they indicate that 
there is most dust in the air during dry weather, and perhaps during anticyclonic con- 
ditions, and least during wet weather, and perhaps in cyclonic areas. The first number 
entered in the table for outside air was taken on the 25th January, after a wet and 
stormy night. The next number is an average for dry days, while we had anticyclonic 
weather. It is hoped that, by more extended experiments, and by the use of the 
improved apparatus now under construction, some interesting meteorological results 
may be arrived at. | 

The air in the laboratory was tested in the first case at a height of 4 feet from the 
floor, and gave the third number entered in the table. Air drawn from near the ceiling — 
gave the fourth number. ‘The reason of the greater number of particles in the room 
than that found outside was due to the particles produced by two gas flames burning 
in the room at the time. The air from the Bunsen flame was collected by means of a 
small chimney, and drawn direct into the gasometer, where it was mixed with filtered 
air. So full was this air of particles that it had to be mixed with 80,000 times its volume 
of filtered air before the particles were separated widely enough for counting. All the 
numbers in the table are far from being constant; they are all found to vary much 


J. AITKEN ON THE N UMBER OF DUST PARTICLES IN THE ATMOSPHERE. 19 


according to certain conditions, such as the time during which the gas has been burning 
in the room, manner of collecting air from the Bunsen flame, &c. 

Many will perhaps think that the numbers of particles as given in the table are far 
too high, and that there must be a mistake somewhere. It may be mentioned that the 
evidence in support of the correctness of our conclusions is similar to that of the chemist’s, 
when he puts, say, a solution of sodium chloride into a solution of silver nitrate, and from 
the weight of precipitated silver chloride tells the amount of silver that was in the 
solution. If there had been no silver in the solution, then there would have been no 
precipitate ; and the amount of precipitate is in proportion to the quantity of silver 
present. So it is in testing for dust. If there is no dust in the air, no drops are thrown 
down, and the number of drops is determined by the number of particles present, for each 
drop has a dust nucleus. 

I have not yet entered carefully into the consideration of the exact value of the figures 
in the table. While the described method of counting the particles gives a very fair 
estimate of the number in the air when it arrives at the test receiver, and the numbers 
entered in the table are the numbers calculated from the particles counted there, no 
allowance has been made for the dust which may have settled in the gasometer and con- 
necting pipes. The probability, therefore, is that the figures are rather under than over 
estimates of the particles in the air tested. As showing the tendency the dust has to 
settle in the apparatus, it may be mentioned that about one half of the dust particles 
settled out of the air, if it is allowed to remain in the gasometer for one hour. In the 
development of the apparatus for this investigation, this is one of the points to which 
special attention has been given, and a method has been devised by which a very short 
time will be given for settling before the particles are counted. It is possible the dust 
might settle more slowly if the vessel containing it were dry, and mercury used instead 
of water for displacing it. This, however, with many other points, remains for considera- 
tion. It may be as well to note here, that the dust settles out of the air not only on 
account of its weight causing it to fall, but very much is settled out by difference of tem- 
perature at the different parts of the vessel. Wherever the air meets a surface colder 
than itself it parts with some of its dust to that surface, for a reason which has been 
explained in a previous communication. 

Most of us were quite prepared to find that whenever the dust particles in our atmo- 
sphere were counted, the figure would be a very high one ; but I imagine that the figures 
here given are such as few, if any expected, and they increase our admiration of the 
Old Testament writers’ selection of dust as a type of the infinitely small and the 
innumerable. 
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Il.—The History of Volcanic Action during the Tertiary Period in the British Isles. 
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INTRODUCTION. 
zg Among the problems for the study of which the remarkably varied geology of the 


: British Isles offers peculiar facilities, perhaps none ranks higher in importance or in 
general interest than the history of volcanic action. Placed on the oceanic border of 


an ancient continental area, the region of Britain has lain within the limits where 
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hypogene activity is specially prone to manifest itself. From early geological times this 
activity has been displayed in various characteristic forms. Hence, within the geological 
records of Britain there has been preserved a more continuous and complete chronicle 
of voleanic phenomena than, so far as I am aware, has yet been discovered in any tract 
of similar size on the face of the globe. The rocks of the country have been investigated 
so long and so minutely that their general chronological succession has been accurately 
ascertained, and hence the precise horizon of each volcanic episode can be definitely fixed. 
The varying phases of eruptivity in different geological periods can be made out, and a 
large body of evidence can thus be amassed bearing on the general question of the past 
history of volcanism. 

Taking the broadest view of the subject, we find that the volcanic history of Britain 
naturally divides itself into two widely separated periods. ‘The first of these embraces 
the vast Paleozoic ages; the second falls entirely within older Tertiary time. Between 
these two periods comes the prolonged interval marked by the whole series of Mesozoic 
formations in which, save at their base, in the lower Triassic rocks of Devonshire, no trace 
of contemporaneous volcanic action is known. It is to the records of the second of the 
two great volcanic eras that the present memoir is devoted. 

Before entering upon the detailed investigation, it may be useful to sketch briefly 
what has been the progress of opinion regarding the phenomena to be discussed. The 
basaltic cliffs of Antrim and the Inner Hebrides had attracted the notice of passing 
travellers, and their striking scenery had become more or less familiar to the reading 
public, before any attention was paid to their remarkable geological structure and history. 
In particular, the wonders of the Giant’s Causeway and the Isle of Staffa had already 
begun to draw pilgrims, even from distant countries, at a time when geology was still in 
its earliest infancy. The scientific tourist of those days who might care to look at rocks, 
was, In most cases, a mineralogist, for whom their structural relations and origin were 
subjects that lay outside of the range of his knowledge or habits of thought. One of 
the earliest traces of an intelligent appreciation of some of the geological interest of the 
region is to be found in WaitTesurst’s Inquiry into the Original State and Formation 
of the Earth (2nd edit., 1786), where a good account of the basalt-cliffs of Antrim is 
given, and where the basaltic rocks are regarded as the results of successive outflows of 
lava from some centre now submerged beneath the Atlantic. More important are the 
observations contained in two letters of ABRAHAM Mi1.Ls, published in the Philosophical 
Transactions for 1790. This writer had been struck with the dykes on the north coast 
of Ireland, and was led to examine also those in some of the nearer Scottish islands. 
He believed them to be of truly volcanic origin, and spoke of them as veins of lava. 
A few years later, Favsas St Fonp made his well-known pilgrimage to the Western Isles. 
Familiar with the volcanic rocks of the Continent, he at once recognised the volcanic origin 
of the basalts of Mull, Staffa, and the adjoining islands. His Voyage, published in Paris 
in 1797, may be taken as the beginning of the voluminous geological literature which has 
since gathered round the subject. Three years afterwards (1800) appeared JAMEsON’s 
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Outline of the Mineralogy of the Scottish Isles. Fresh from the teaching of WERNER 
at Freiberg, the future distinguished Professor of Natural History in the Edinburgh 
University naturally saw everything in the peculiar Wernerian light. He gave the first 
detailed enumeration of some of the eruptive rocks of the Hebrides, but of course 
ridiculed the idea of their igneous origin. Having heard of a reported “crater of a 
volcano” near Portree, he ironically expressed a hope that “ probably there may be still 
sufficient heat to revive the spirits of some forlorn fire-philosopher, as he wanders 
through this cold, bleak country.” 

The advent of JAMEson to Edinburgh gave a fresh impetus to the warfare of the 
Plutonists and Neptunists, for he brought to the ranks of the latter a mineralogical skill 
such as none of their Scottish opponents could boast. The igneous origin of basalt, 
which the Plutonists stoutly maintained, was as strongly denied by the other side. For 
some years one of the most telling arguments against the followers of Hurron was 
derived from the alleged occurrence of fossil shells in the basalt of the north coast of 
Ireland. Kirwan, whose Essays appeared in 1799, quoted with evident satisfaction 
RicHARDsON’s observation of “ shells in the basalt of Ballycastle,” and RicHarpson him- 
self, though the true explanation that the supposed basalt is only Lias shale altered by 


basalt, had been given in 1802, by Piayrarr, in his Illustrations of the Huttonian 


Theory, continued for ten years afterwards to reiterate his belief in the aqueous origin of 
basalt. Thus the Tertiary volcanic rocks furnished effective weapons to the combatants 
on both sides. The dispute regarding the black fossiliferous rocks of Portrush had the 
effect of drawing special attention to the geology of the north of Ireland. Among the 
more noted geologists who were led to examine them, particular reference must be made 
to CONYBEARE and Buck.LanpD, who, in the year 1813, studied the interesting coast-sections 
of Antrim. The report of their observations gives an excellent summary of the arguments 
for the truly igneous origin of basalt, and a statement of opinion in favour of the view 
that the bedded basalts are the products of submarine volcanoes. BERGER also about 
the same time described in fuller detail the geology of the Antrim district, and showed the 
rocks of the basalt-plateau to be younger than the Chalk. He likewise made a study of the 
basalt-dykes of the north of Ireland, and was the first to point out their prevalent north- 
westerly direction. These memoirs, contained in the third volume of the Jransactions of 
the Geological Socvety, may justly be regarded, to quote the words of PorTLock, as “ the 
first effectual step made in Irish geology.” Portiock’s own Report on Londonderry, 
published in 1843, is still the most complete summary of information regarding the 
geology of that interesting region. 

While such advances were being made in the knowledge of the structure of the 
volcanic rocks of the north of Ireland, the geologist had already appeared who was the 
first to attempt a systematic examination of the Western Islands, and whose published 
descriptions are still the chief source of information regarding the geology of this 
extensive region. Dr MaccuLLocu seems to have made his first explorations among the 
Hebrides some time previous to the year 1814, for in that year there were published, in 


a 4 
4 
’ 
| | 


24 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


the second volume of the Transactions of the Geological Society, some remarks by him 
on specimens from that district transmitted to the Society. For several years in 
succession he devoted himself with great energy and enthusiasm to the self-imposed 
task of geologically examining and mapping all the islands that lie to the westward of 
Scotland, from the remote St Kilda even as far as the Isle of Man. From time to time, 
notices of parts of his work were given in the Transactions of the Geological Society. 
But eventually in 1819 he embodied the whole in his Description of the Western 
Islands of Scotland. 

This great classic marks a notable epoch in British geology. Properly to estimate its 
value, we should try to realise what was the state of the science in this country at the 
time of its appearance. So laborious a collection of facts, and so courageous a resolution 
to avoid theorising about them, gave to his volumes an altogether unique character. 
His descriptions were at once adopted as part of the familiar literature of geology. His 
sections and sketches were reproduced in endless treatises and text-books. Few single 
works of descriptive geology have ever done so much to advance the progress of the science 
in this country. With regard to the special subject of the present memoir, MaccuLLocH 
showed that the basalts and other eruptive rocks of the Inner Hebrides pierce and over- 
lie the Secondary strata of these islands, and must therefore be of younger date. But 
though he distinguished the three great series of “ trap-rocks,” “ syenites” and “ hyper- 
sthene-rocks” or “‘ augite-rocks,” and indicated approximately their respective areas, he did 
not attempt to unravel their relations to each other. Nor did he venture upon any 
speculations as to the probable conditions under which these rocks were produced. He 
claimed that those who might follow him would find a great deal which he had not 
described, but little that he had not examined. Subsequent observers have noted many 
important facts, of which, had he observed them, he would at once have seen the meaning, 
and which he certainly would not have passed over in silence. But as a first broad out- 
line of the subject, MaccuLLocu’s work possesses a great value, which is not lessened by 
_ the subsequent discovery of details that escaped his notice, and of points of geological 
_ structure which he failed to discover. 

It may here be remarked, that among the earliest and ablest observations of the 
_ volcanic rocks of this country were those made by foreigners. In some cases, students 
_ who had repaired from abroad to Edinburgh for education caught the geological 
_ enthusiasm then so marked in this city, and made numerous journeys through the 
country in search of further knowledge of its rocks and minerals. In other instances, 
geologists of established reputation, attracted by the interest which the published 
_ accounts of Scottish geology had excited, were led to visit the country and to record their 
- impressions of its rock-structure. Of the first class of observers the two most noted were 
_ Ami Bové and L. A. Necker. Bovs took his degree of M.D. at Edinburgh in 1816. 
_ During his stay in Scotland he made extensive tours across the kingdom, and acquired a 
wide knowledge of its rocks and minerals. In the year 1820 he published his Essaz 
géologique sur T Ecosse. The value of this work as an original contribution to the 
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ge ology of the British Isles has probably never been adequately acknowledged. For 
this want of due recognition the author himself was no doubt in some measure to blame. 
He refers distinctly enough to various previous writers, notably to JAMESON and 
MaccouL1ocu, but he modestly mingles the results of his own personal examinations with 
theirs in such a way that it is hardly possible to ascertain what portions are the outcome 
of his own original observations. Less credit has accordingly been given to him than he 
could fairly have claimed for solid additions to the subjects of which he treated. In the 
later years of his life, I had opportunities of learning personally from him how extensive 
had been his early peregrinations in Scotland, and how vivid were the recollections which, 
after the lapse of half a century, he still retained of them. Judged simply as a well-ordered 
summary of all the known facts regarding the geology of Scotland, his Essai must be 
regarded as a work of very great value. Especially important is his arrangement of the 
volcanic phenomena of Scotland, which stands far in advance of anything of the kind 
previously attempted. Under the head of the “Terrain Volcanique,” he treats of the 
basaltic formations, distinguishing them as sheets (nappes, coulées) and dykes; and of 
the felspathic or trachytic formations which he subdivides into phonolites, trachytes, 
porphyries (forming mountains and also sheets), and felspathic or trachytic dykes. In 
the details supplied under each of these. sections he gives facts and deductions which 
were obviously the result of his own independent examination of the ground, and he 
likewise marshals the data accumulated by Jameson, MaccuLLocu, and others in such a 
way as to present a comprehensive and definite picture of the volcanic phenomena of 
Scotland such as no previous writer had ventured to give. | 

L. A. NEcKER, as the grandson of the illustrious De Saussure, had strong claims on 
the friendly assistance of the Edinburgh School of Geology when he went thither in 1806, 
at the age of twenty, to prosecute his studies. He was equally well received by the 
Plutonists and Neptunists, and devoted much time to the exploration of the geology, not 
only of the Lowlands, but of the Highlands and the Inner Hebrides. Most of his 
observations appear to have been made in the year 1807, but it was not until fourteen 
years afterwards that he published his Voyage en Ecosse et aux Iles Hebrides.* The 
geological part of this work must be admitted to be somewhat disappointing. The 
author's caution not to commit himself to either side of the geological controversy then 
waging, makes his descriptions and explanations rather colourless. He adds little to what 
was previously known, and even as regards the true volcanic origin of the basalts of 
the Western Islands he could not make up his mind, contenting himself by referring 
them to “the trappean formation.” But these islands had so fascinated him that 
eventually he returned to them as his adopted home, passed the last twenty years 
of his life among them, and died and was buried there. Besides his Voyage, he 
published in French an account of the dykes of the Island of Arran which appeared 
in vol. xiv. of the Transactions of this Society. 


* See biographical notice of L. A. Necker, by Principal J. D. Forbes, Proc. Roy. Soc. Edin., v. (1862) p. 53. 
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Among the foreign geologists who have been drawn to the mountains and islands of 
Scotland by the interest of its rocks, I have already alluded to Fausas St Fonp. Much 
more important, however, were the observations made some thirty years later by two 
German men of science, VoN OYENHAUSEN and Von Decuen. Their careful descriptions 
of the geology of Skye, Eigg, and Arran added new materials to the knowledge already 
acquired by native geologists.* To some of the more interesting parts of their work, 
reference will be made in later parts of this memoir. 

The numerous trap-dykes of Northumberland, Durham, and Northern Yorkshire at an 
early date attracted the attention of geologists. As far back as 1817, they had been 
the subject of a memoir by N. J. Wrncu, who gave an account of their effects on the 
adjacent rocks. More important were the subsequent papers on the same subject by 
SEDGWICK, who, discussing the lithological characters, probable origin, and geological age of 
the dykes, pointed out that while the Cleveland dyke was undoubtedly younger than a large 
part of the Jurassic rocks, there was no direct evidence to determine whether the dykes 
farther north were earlier or later than the time of the Magnesian Limestone. Subsequent 
accounts of the dykes of the same region were given by Buppiz,t M. Forsrer,{ N. 
Woop,§ H. T. M. Wirxam,|| Tats, and others, while in more recent years important 
additions to our knowledge of these dykes and of their effects have been made by Sir J. 
LowrTHiAN and Mr J. J. H. 

The geological age of the great series of Tertiary volcanic rocks has only been 
determined, district by district, and at wide intervals. That some part of the Antrim 
basalts are younger than the Chalk of that region was clearly shown by Bercer, Cony- 
BEARE, and BuckLaND. PortLock, however, in his Report on Londonderry, &c., referred 
to the occurrence of detached blocks of basalt which he supposed to be immersed in the 
Chalk near Portrush, and which inclined him to believe that ‘‘ the basaltic flows com- 
menced at a remote period of the Cretaceous system.” MacouLLocu showed that the 
corresponding basaltic plateaux of the Inner Hebrides were certainly younger than the 
Oolitic rocks of that region. But no nearer approximation to their date had yet been 
made. In the year 1850 the Duke or ARGYLL announced the discovery of strata con- 
taining fossiliferous chalk-flints and dicotyledonous leaves, lying between the bedded 
basalts of Ardtun Head, in the Isle of Mull.{{ In the following year these fossil leaves 
were described by Epwarp Forses, who regarded them as decidedly Tertiary, and most 
probably Miocene. This was the first paleontological evidence for the determination of 
the geological age of any portion of the basalt-plateaux, and it indicated that the basalts 
of the south-west of Mull were of older Tertiary date. Taken also in connection with 
the occurrence of lignite-beds between the basalts of Antrim, it proved that these 
volcanic plateaux were not due to submarine eruptions, as the earlier geologists had 


* Karsten’s Archiv (1829), vol. i. p. 56. +t Trans. Nat. Hist. Soc. Northumberland, i. (1831) p. 9. 
tf Op. cit., i. p. 44, § Op. cit., i. pp. 305, 306, 308, 309. 

|| Op. cit., ii. (1838) p. 343. I Trans. Northumberland and Durham, ii. (1868) p. 30. 
** Proc. Roy. Soc., xxiii, (1875) p. 543. tt Quart. Jour. Geol. Soc., xl. (1884) p. 209. 


tt Brit. Assoc. Report, 1850, sections, p. 70, and Quart. Jour. Geol. Soc., vii. (1851) p. 87. 
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supposed, but pointed to the subserial outpouring of lava at successive intervals, during 
which terrestial vegetation sprang up upon the older outflows. 

While Forses brought forward paleontological proofs of the Tertiary age of the 
volcanic rocks of the south-west of Mull, he at the same time laid before the Geological 
Society a paper on the Estuary Beds and the Oxford Clay of Loch Staffin, in Skye, 
wherein, while admitting the existence of appearances which might be regarded as 
favourable to the view that the intercalated basalts of that region were of much later 
date than the Oolitic strata between which they might have been intrusively injected, he 
stated his own belief that they were really contemporaneous with the associated stratified 
rocks, and thus marked an outbreak of volcanic energy at the close of the Middle Oolitic 
period.* The Duke or ARGYLL, in the paper which he on the same occasion communi- 
cated to the Geological Society, adopted this view of the probable age of most of the 
basalts of the Western Islands. He looked upon the Tertiary volcanic rocks of Mull as 
occupying a restricted area, the great mass of the basalt of that island, like that of Skye, 
being regarded by him as probably not later than some part of the Secondary period. 

It must be granted that the appearances of contemporaneous intercalation of the | 
basalt among the Secondary strata are singularly deceptive. When, several years after — 
the announcement of the Tertiary age of the basalts of Ardtun, I began my geological 
work in the Inner Hebrides, I was led to the same conclusion as Epwarp Forsss, and 
expressed it in an early paper, read before this Society in 1861, on the “ Chronology of 
the Trap-rocks of Scotland.”t All over the north of Skye I traced what appeared to be 
evidence of the contemporaneous interstratification of basalts with the Jurassic rocks, 
and I concluded (though with some reservation) that the whole of the vast basaltic 
plateaux of that island were not younger than some later part of the Jurassic period. 
In that paper the attention of geologists was called to the probable connection of the 
great system of east-and-west dykes traversing Scotland and the north of England, with 
the basalt-plateaux of the Inner Hebrides, and as I believed the latter to be probably of 
the age of the Oolitic rocks, I assigned the dykes to the same period in geological history. 
But subsequent explorations enabled me to correct the mistake into which, with other 
geologists, I had fallen regarding the age of the volcanic phenomena of the Western 
Islands. In 1867 I showed that, instead of being confined to a mere corner of Mull, the 
Tertiary basalts, with younger associated trachytic or granitic rocks, covered nearly the 
whole of that island, and that in all likelihood the long chain of basaltic masses, extend- 
ing from the north of Ireland along the west coast of Scotland to the Faroe Islands, and 
beyond these to Iceland, was all erupted during the Tertiary period. At the same time — 
I drew special attention to the system of east-and-west dykes as proofs of the vigour of — 
volcanic action at that period, and I furnished evidence that this action was prolonged — 
through a vast interval of time, during which great subsrial denudation of the older 
lavas took place before the outflow of the younger.{ Later, in the same year, in 


* Quart. Jour, Geol. Soc., vol. vii. (1851) p. 104. + Trans. Roy. Soc. Edin., xxii. (1861) p. 649. 
t Proc. Roy. Soc, Edin., vi. (1867) p. 71. 


| 

>. 

M 

~ 

| 


28 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


an address to the Geological Section of the British Association, I reiterated these views, _ 
and more particularly emphasised the importance of the system of dykes, which in my 
opinion was possibly the most striking manifestation of the vigour of Tertiary volcanic 
action.* In 1871, after further explorations in the field, I gave a detailed account of 
the structure which had led to the mistake as to the age of the Tertiary volcanic rocks 
of the Western Islands; and in a description of the island of Eigg, I brought forward 
data to show the enormous duration of the Tertiary volcanic period in the west of 
Britain.t It was my intention that the paper in which these views were enunciated 
should be continued in a subsequent series of memoirs. Before the preparation of the 
second of the series was completed, Mr J. W. Jupp read before the Geological Society 
(21st January 1874) a paper “ On the Ancient Volcanoes of the Highlands.”{ The most 
novel feature of this paper was the announcement that the author had recognised 
the basal wrecks of five great central volcanoes in the Western Islands, among which 
that of Mull was inferred by him to have been at least 14,500 feet high. He was led 
to the conclusion that the volcanic period in these regions was divisible into three 
sections,—the first marked by the outburst of acid rocks (felspathic lavas and ashes, 
connected with deeper and more central granitic masses); the second by the extrusion 
of basic lavas and tuffs (the basaltic plateaux); the third by the appearance of small 
sporadic volcanic cones (“felspathic, basaltic, or intermediate in composition”) after the 
great central cones had become extinct. It will be seen from the present communication 
that the views adopted by Professor Jupp are not those to which my study of the 
subject has led me. I have not been able to discover evidence of any great central 
volcanoes, and have found the order of outflow of the successive groups of rocks to have 
been the reverse of what he believed it to be. The appearance of his memoir, however, 
led me to postpone the continuation of the series of papers which I had begun. The 
conviction that, in some way or other, as yet wholly inexplicable to me, the dykes, 
which at so early a period of my researches arrested my attention, had played a leading 
part in the volcanic phenomena of the Tertiary period, became every year stronger. 
At last, in the year 1879, during a traverse of some portions of the volcanic region of 
Wyoming, Montana, and Utah, I was led to perceive the meaning of what had hitherto 
been so puzzling. Riding over those great plains of basalt, and looking at the sections 
cut by the rivers through the thick series of horizontal basalt-beds underlying them, 
I appreciated for the first time the significance of RicnTHoFEN’s views regarding 
‘“‘massive” or “ fissure-eruptions,” as contradistinguished from those of central. volcanoes 
like Etna or Vesuvius, and I saw how completely the structure and history of these 
tracts of Western America explain those of the basalt-plateaux of Britain.§ Since that 
year, at such intervals of leisure as I could command, I have renewed the investigation, 
and now at last, after a quarter of a century of more or less continuous labour in the 


* Brit, Assoc. Report (Dundee), 1867, sects. p. 49. + Quart. Jour. Geol. Soc., xxvii. (1871) p. 279. 
} Quart. Jour. Geol. Soc., xxx. (1874) p. 220. 
§ Geological Essays at Home and Abroad, pp. 271, 274; Nature, November 1880. 
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subject, I offer my results to the Royal Society of Edinburgh, which honoured and 
encouraged me by printing in its Zransactions my first essay on the volcanic rocks of 
this country. 

In describing the geological history of a great series of rocks, chronological order is 
usually the most convenient method of treatment. Where, however, the rocks are of 
volcanic origin, and do not always precisely indicate their relative age, and where more- 
over the same kinds of rock may appear on widely separated geological horizons, it is 
not always possible or desirable to adhere to the strict order of sequence. With this 
necessary latitude, I propose to follow the chronological succession from the older to the 
newer portions of the series. I shall treat first of the system of basic dykes, by which so 
large a part of Scotland and of the north of England and Ireland is traversed. Many of 
the dykes are undoubtedly among the youngest members of the volcanic series, and in 
no case can their age be determined except relatively to the antiquity of the rocks which 
they traverse. They must, of course, be posterior to these rocks, and hence it would be 
quite logical to reserve them for discussion at the very end of the whole volcanic 
phenomena. My reason for taking them at the beginning will be apparent in the sequel. 
After the dykes, I shall describe the great volcanic plateaux which, in spite of vast 
denudation, still survive in extensive fragments in Antrim and the Inner Hebrides. The 
eruptive bosses of basic rocks that have broken through the plateaux will next be discussed. 
An account will then be given of the protrusions of acid rocks which mark the latest 
phase of eruption in the region. The last section of the memoir will contain a summary 
of the history of Tertiary volcanic action in Britain. 


I. THE BASIC DYKES. 


If a geologist were asked to select that feature in the volcanic geology of the British 
Isles which more than any other marks this region off from the rest of the European 
area, he would probably choose the remarkable system of wall-like masses of erupted 
igneous rock to which the old Saxon word “dykes” has been affixed. From the moors of 
eastern Yorkshire to the Perthshire Highlands, and from the basins of the Forth and Tay 
to the west of Donegal and the far headlands of the Hebrides, the country is ribbed across 
with these singular protrusions to such an extent that it may be regarded as a typical 
region for the study of the phenomena of dykes. That all the dykes in this wide tract 
of country are of Tertiary age, I am far from believing. Some of them are of the era of 
theOld Red Sandstone, others are undoubtedly Carboniferous, while some, though later than 
the Coal Measures, may be older than the Permian, or at least the Trias formations. As 
illustrations of these older dykes, I may refer to the remarkable series which traverses the 
Carboniferous rocks of Northumberland and Durham, and which includes the well-known 
Whin Sill. That this series belongs to a totally different and greatly more ancient period 
of extrusion was indicated many years ago by Sepewick,* who referred to the previous 
* Trans. Cambridge Phil. Soc. (1892), vol. ii. p. 23; Winch, Geol. Trans., iv. (1814) p. 25. 
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observations of WrincH that these dykes, though they ascend through the Coal Measures, 
never enter the Magnesian Limestone. They differ also in direction from the younger 
dykes, their general trend being south-westerly. They are further distinguished by petro- 
graphical characters. : 

But when these and all other dykes which can reasonably be referred to older 
geological periods are excluded, there remains a large majority which cannot be so 
referred, but which are connected together by various kinds of evidence into one great 
system that must be of late geological date, and can be assigned to no other than the 
Tertiary period in the volcanic history of Britain. In my original memoir, “On the 
Chronology of the Trap-rocks of Scotland,” where I first drew attention to this great 
system of dykes in connection with the progress of volcanic action in the country, I 
pointed out the grounds on which it seemed to me that these rocks belonged to a com- 
paratively late geological date. My own subsequent experience and the full details of 
structure collected by my colleagues of the Geological Survey in all parts of the country, 
have amply confirmed this view, though, as already stated, instead of placing the era of 
eruption in the Jurassic, 1 now put it in the older part of the Tertiary period. The 
characters which link this great series of dykes together as one connected system of late 
geological date are briefly enumerated in the following list, and will be more fully discussed 
in later pages. 

1. The prevalent tendency of the dykes to take a north-westerly or westerly course. 
There are exceptions to this normal trend, especially where the dykes are small and 
locally numerous ; but it remains singularly characteristic over the whole region. 

2. The increasing abundance of the dykes as they are traced to the west coast and 
the line of the great Tertiary volcanic plateaux of Antrim and the Inner Hebrides. 

3. The rectilinear direction so characteristic of them and so different from the tortuous 
course of other groups of dykes. The exceptions to this normal feature are as a rule 
confined to the same localities where departures from the prevalent westerly trend occur. 

4. The great breadth of the larger dykes of the system and their persistence for long 
distances. This is one of their most remarkable and distinctive characters. 
| 5. The posteriority of the dykes to the rest of the geological structure of the regions 
which they traverse. They are not only younger than the other rocks, but younger 
than nearly all the folds and faults by which the rocks are affected. 

6. The manner in which they cut the Jurassic, Cretaceous, and older Tertiary strata 
in the districts through which they run. At the south-eastern end of the region they 
rise through the Lias and Oolite formations, in the west they intersect the Chalk and 
the Tertiary volcanic plateaux with their later eruptive bosses. 

7. Their petrographical characters, among which perhaps the most distinctive is the — 
frequent appearance of the original glassy magma of the plagioclase-pyroxene- 
magnetite (olivine) rock, of which they essentially consist. This glass, or its more or less 
completely devitrified representative, often still recognisable with the microscope among 
the individualised microlites and crystals throughout the body of a dyke, is also not 
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infrequent as a black vitreous varnish-like coating on the outer walls, and occasionally 
appears in strings and veins even in the centre. 

It is the assemblage of dykes presenting these features which I propose to describe. 
Obviously, the age of each particular dyke can only be fixed relatively for itself. But 
when this remarkable community of characters is considered, and when the Tertiary age 
of at least a very large number of the dykes can be demonstrated, the inference is reason- 
able that the whole assemblage constitutes one great system, extravasated during a time 
of great volcanic disturbance, which could not have been earlier than the beginning 
of the Tertiary period. And this inference may be maintained even when we frankly 
admit that every dyke within the region is by no means claimed as belonging to the 
Tertiary series. 


Fic. 1.—Dyke on the south-east coast of the Island of Mull. 


[In spite of their number and the extraordinary volcanic activity to which they bear 
witness, the basic dykes form a much less prominent feature in the landscape than might 
have been anticipated. In the lowlands of the interior, they have for the most part been 
concealed under a cover of superficial accumulations, though in the water-courses they not 
infrequently project as hard rocky barriers across the channels, and occasionally form 
picturesque waterfalls. On the barer uplands, they protrude in lines of broken crag 
and scattered boulders, which by their decay give rise to a better soil covered by a 
greener vegetation than that of the surrounding brown moorland. Among the Highland 
hills, they are often traceable from a distance as long black ribs that project from the naked 
faces of crag and corry. Along the sea coast, their peculiarities of scenery are effectively 
displayed. Where they consist of a close-grained rock, they often rise from the beach as 
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straight walls which, with a strangely artificial look, mount into the face of the cliffs on the 
one side, and project in long black reefs into the sea on the other (fig. 1). Every visitor 
to the islands of the Clyde will remember how conspicuous such features are there. But it 
is among the Inner Hebrides that this kind of scenery is to be found in greatest perfection. 
The soft dark Lias shales of the island of Pabba, for example, are ribbed across with 
scores of dykes which strike boldly out to sea. Where, on the other hand, the material 
of the dykes is coarse in grain, or is otherwise more susceptible to the disintegrating 
influences of the weather, it has rotted away and left yawning clefts behind, the 
vertical walls of which are those of the fissures up which the molten rock ascended. 
Some good instances of this kind are well known to summer visitors on the eastern shores 
of Arran. Others, on a large scale, may be seen in the interior of the same island along 


the crests of the granite ridges, and still more conspicuously on the jagged summits of 
Blath Beinn and the Cuillin Hills of Skye. 


§ 1. GEOGRAPHICAL DISTRIBUTION. 


The limits of the region within which the dykes occur cannot be very precisely 
fixed. There can be no doubt, however, that on their southern side they reach to 
the Cleveland Hills of Yorkshire and the southern borders of Lancashire, and on 
the northern side to the farther shores of the island of Lewis—a direct distance 
of 360 miles. They stretch across the basin of the North Sea, including the Isle 
of Man, and appear in the north of Ireland north of a line drawn from Dundalk Bay 
to the Bays of Sligo and Donegal. Dykes are of frequent occurrence over the north of 
England and south of Scotland, at least as far north as a line drawn from the coast of 
Kincardineshire along the southern flank of the Grampian Hills by the head of Glen 
Shee and Loch Tay to the north-western coast of Argyleshire. They abound all along 
the line of the Inner Hebrides and the adjacent coasts of the mainland from the remoter 
headlands of Skye to the shores of county Louth. They traverse also the chain of the 
Long Island in the Outer Hebrides. So far as I am aware, they are either absent or 
extremely rare in the Highlands north of the line I have indicated. But a good many 
have been found by my colleagues in the course of the Geological Survey of the northern 
lowlands of Aberdeenshire and Banffshire. The longest of these has been traced by Mr 
L. Hinxman for rather more than two miles running in a nearly east and west direction 
through the Old Red Sandstone of Strathbogie, with an average width of about 35 feet. 
Another in the same district has a width of from 45 to 90 feet, and has been followed for 
a third of a mile. But far beyond these northern examples, | have found a number of 
narrow basalt-veins traversing the Old Red flagstones of the Mainland of Orkney, which I 
have little doubt are also a prolongation of the same late series. Taking, however, only 
those western and southern districts in which the younger dykes form a notable feature in 
the geology, we find that the dyke-region embraces an area of upwards of 40,000 square 
miles—that is, a territory greater than either Scotland or Ireland, and equal to more than 
a third of the total land-surface of the British Isles (Plate I.). 
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Of this exterfsive region the greater portion has now been mapped in detail by the 
Geological Survey. Every known dyke has been traced, and the appearances it 
presents at the surface have been recorded. We are accordingly now in possession 
of a larger body of evidence than has ever before been available for the discussion 
of this remarkable feature in the geology of the British Isles. I have made use of 
this detailed information, and besides the data accumulated in my own note-books, I have 
availed myself of those of my colleagues in the Survey, for which due acknowledgment 
is made where they are cited. 


§ 2. Two Types or Prorrvsion. 


The dykes are far from being equally distributed over the wide region within 
which they occur. In certain limited areas they are crowded together, a score or more 
occurring in a single square mile, while elsewhere they appear only at intervals of several 
miles. Viewed in a broad way, they may be conveniently grouped in two types, which, 
though no hard line can be drawn between them, nevertheless probably point to two more 
or less distinct phases of volcanic action. In the first, which for the sake of distinction 
we may term the Solitary type, there is either a single dyke separated from its nearest 
neighbours by miles of intervening and entirely dykeless ground, or a group of two 
or more running parallel to each other, but sometimes a mile or more apart. The rock 
of which they consist is, on the whole, less basic than in the second type; it includes 
the andesitic varieties. It is to this type that the great dykes of the north of England 
and the south and centre of Scotland belong. The Cleveland dyke, for example, at its 
eastern end has no known dyke near it for many miles. The coal-field of Scotland is 
traversed by five main dykes, which run in a general sense parallel to each other, with 
intervals of from half a mile to nearly five miles between them. Dykes of this type 
display most conspicuously the essential characters of the dyke-structure, in particular 
the vertical marginal walls, the parallelism of their sides, their great length, and their 
persistence in the same line. 

In the second, or what for brevity may be called the Gregarious type, the dykes 
occur in great abundance within a particular district. They are on the whole 
narrower, shorter, less strikingly rectilinear, more frequently tortuous and vein-like, and, 
on the whole, more basic in composition than those of the first type. They include the 
. true basalts and dolerites. [Illustrative districts for dykes of this class are the islands of 
Arran, Mull, Eigg, and Skye. 

The great single or solitary dykes may be observed to increase in number, though 
very irregularly, from south to north, and also in central Scotland from east to west. 
They are specially abundant in the tract from the Firth of Clyde along a belt of country 
some thirty miles broad on either side of the Highland line, as far at least as the valley 
of the Tay. They form also a prominent feature in the islands of Jura and Islay. 
Those of the gregarious type are abundantly and characteristically displayed in the 
basin of the Firth of Clyde. Their development in Arran formed the subject of an 
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interesting paper by NecKEr, who catalogued and described 149 of them, and estimated 
their total number in the whole island to be about 1500.* As the area of Arran is 165 
square miles, there would be, according to this computation, about nine dykes to every 
square mile. But they are far from being uniformly distributed. While appearing only 
rarely in many inland tracts, they are crowded together along the shore, particularly at 
the south end of the island, where the number in each square mile must far exceed the 
average just given. The portion of Argyleshire, between the hollow of Loch Long 
and the Firth of Clyde on the east and Loch Fyne on the west, has recently been found by 
my colleague, Mr C. T. CLoueu, to contain an extraordinary number of dykes (see fig. 17). 
The coast line of Renfrewshire and Ayrshire shows that the same feature is prolonged into 
the eastern side of the basin of the Clyde estuary. But immediately to the westward of 
this area the crowded dykes disappear from the basin of Loch Fyne. In Cantire their 
scarcity is as remarkable as their abundance in Cowal.. Both in the north of Ireland and 
through the Inner Hebrides, dykes are singularly abundant in and around, but particularly 
beneath, the great plateaux of basalt. Their profusion in Skye was described early in 
this century by MaccutLocu, who called attention more especially to their extraordinary 
development in the district of Strathaird. ‘“ They nearly equal in some places,” he says, 
“‘when collectively measured, the stratified rock through which they pass. I have 
counted six or eight in the space of fifty yards, of which the collective dimensions could 
not be less than sixty or seventy feet.” He supposed that it would not be an excessive 
estimate to regard the igneous rock as amounting to one-tenth of the breadth of the 
strata which it cuts.t 

Among the districts where dykes of the gregarious type abound at a distance from 
any of the basalt-plateaux, reference should be made to the curious isolated tract of the 
central granite core of Western Donegal. In that area a considerable number of dykes 
rises through the granite, to which they are almost wholly confined. Again, far to the 
east another limited district, where dykes are crowded together, lies among the Mourne 
Mountains. These granite hills are probably to be classed with those of Arran, as 
portions of a series of granite protrusions belonging to a far more recent period than that 
to which the youngest granitic masses of the Highlands are to be assigned. 

Though the dykes may be conveniently grouped in two series or types, which on the 
whole are tolerably well marked, it is not always practicable to draw any line between 
them, or to say to which group a particular dyke should beassigned. In some districts, 
however, in which they are both developed, we can separate them without difficulty. 
In the Argyleshire region above referred to, for example, which Mr CLoueH has mapped, 
he finds that the abundant dykes belonging to the gregarious type run in a general N.W. 
or N.N.W. direction, and distinctly intersect the much scarcer and less basic dykes of the 
solitary type, which here run nearly E. and W. (fig. 17). Hence, ‘besides their com- 
position, distinction in number, breadth, rectilinearity, and persistence, the two series 
demonstrably belong to distinct periods of eruption. 


* Trans. Roy. Soc. Edin., xiv. (1840) p. 677. t Trans. Geol, Soc., iii. (1815) p. 79. 
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§ 3. Nature or Component Rocks. 


_ The Tertiary dykes of Britain include representatives of two very distinct groups of 
igneous rocks. The vast majority of them are basic compounds, belonging to the family 
of the pyroxenic lavas, which, where the percentage of silica is relatively high, are known 
as andesites, and where it is relatively low, have been variously styled basalts, dolerites, 
melaphyres, or diabases. It is to these basic dykes that the general descriptions of the 
present section exclusively refer. The second class is composed of an acid rock, either 
more or less crystalline, such as felsite, quartz-porphyry, rhyolite or trachyte; or vitreous, 
in the form of pitchstone. These acid dykes or veins, though extremely abundant at a 
few localities, are on the whole rare. They will be described by themselves in subsequent 
pages (p. 175). pe 

To the field geologist, who has merely their external features to guide him, the 
ordinary Tertiary basic dykes present a striking uniformity in general petrographical 
character. They vary indeed in fineness or coarseness of texture, in the presence or 
absence of porphyritic crystals, amygdules, glassy portions, and other points of structure. 
But there is seldom any difficulty in perceiving that they are basic rocks belonging to 
one or other of the types of the basalts, dolerites, diabases, or andesites. This sameness 
of composition, traceable from Yorkshire to Skye and from Donegal to Perthshire, is 
one of the strongest arguments for referring this system of dykes to one geological period. 
At the same time, there are enough of minor variations and local peculiarities to afford 
abundant exercise for the observing faculties alike in the field and in the study, and to 
offer materials for arriving at some positive conclusions regarding the geological processes 
involved in the uprise of the dykes. 

1. External Characters.—As regards the grain of the rock, every gradation may be 
found, from a coarsely crystalline mass, in which the component minerals are distinctly 
traceable with the naked eye, to a black lustrous basalt-glass. Each dyke generally 
preserves the same character throughout its extent. As a rule, broad and long dykes are 
coarser in grain than narrow and short ones. For the most part, there runs alongside 
each side of a dyke a selvage of finer grain than the rest of the mass. This marginal strip 
varies in breadth from an inch or less up to a foot or more, and obviously owes its origin 
to the more rapid chilling of the molten rock along the walls of the fissure. It usually 
shades away imperceptibly into the larger-grained inner portion. Even with the naked 
eye, its component materials can be seen to be more finely crystalline than the rest of the _ 
dyke, though where dispersed porphyritic felspars occur they are usually as large in the 
marginal strip as in any other part of a dyke. 

This finer-grained external band, so distinctive of an eruptive and injected rock, is of 
great service in enabling us to trace dykes when they traverse other dykes or masses of 
igneous rock of similar characters to their own. When one dyke crosses another, that 
which has its marginal band of finer grain unbroken must obviously be the younger of 
the two. 
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But in many examples in the south of Scotland, Argyleshire, and the Inner Hebrides, 
the fineness of grain of the outer band culminates in a perfect volcanic glass. Where 
this occurs, the glass is usually jet black, more rarely greenish or bluish black in tint, 
and varies in thickness from about half an inch to a mere varnish-like film on the outer 
face of the dyke, the average width being probably less than a quarter of an inch. On 
their weathered surface, these external glassy layers, generally present a pattern of rounded 
or polygonal prominences, varying up to four or five lines or even more in diameter, and 
separated by depressions or narrow ribs that remind us of the lines seen in perlitic 
structure. The transition from the glass to the crystalline part of the marginal fine- 
grained strip is usually somewhat abrupt, insomuch that on weathered faces it is often 
difficult to get good specimens, owing to the tendency of the vitreous portion to fly off 
when struck with the hammer. The glass doubtless represents the original condition of 
the rock of the dyke. It was suddenly chilled and solidified by contact with the walls 
of the fissure. Inside this external glassy coating, the molten material had time to 
assume a more or less completely crystalline condition before solidification. Not 
infrequently the glass shows spherulitic forms, visible to the naked eye, and likewise 
a more or less distinctly developed perlitic structure. These features, however, are best 
studied in thin sections of the rock with the aid of the microscope, as will be 
subsequently referred to. 

In some dykes, the glass is not confined to the edges, but runs in strings or 
broader bands along the central portions. I have found several examples of this 
peculiarity. The most remarkable of them occurs in the well-known dyke of Eskdale, 
which runs for so many miles across the southern uplands of Scotland.* This dyke 
throughout most of its course is a crystalline rock of the less basic type. At Wat 
Carrick, in Eskdale, it presents an arrangement into three parallel bands. On either side 
lies a zone about eight feet broad of the usual crystalline material. Between these two 
marginal portions there is an intercalated mass sixteen to eighteen feet broad, of a very 
compact and more or less vitreous rock. The demarcation between this central band and 
the more crystalline zones of the outside is quite sharp, and the two kinds of rock show 
a totally distinct system of jointing. There can, therefore, be little doubt that the 

glassy centre belongs to a later uprise than the outer portions, though possibly it may 
still have been included in the long process of solidification of one originally injected 
mass of molten material. 

' Mr C. T. Ctoven, while mapping for the Geological Survey the extraordinarily 
numerous dykes in the eastern part of Argyleshire between the Firth of Clyde and 
Upper Loch Fyne, has observed six or seven examples of dykes showing glassy 
bands in their centres, with characters similar to those of the Eskdale dyke. He 
informs me, that he has found an absence of definite and regular joints in the 
central glassy band, and on the other hand, an irregular set of divisional planes by which 
the rock is traversed, and which he compares to those seen in true perlitic structure. 

* See Proc. Roy. Phys. Soc. Edin., v. (1880) p. 241. 
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While, as a general rule, the external portions of a dyke are closer-grained than the 
centre, rare cases occur where the middle is the most finely crystalline part. I am 
disposed to regard these cases and the glassy centres as forming in reality no true 
exceptions to the rule, that the outer portions of a dyke consolidated first, and are there- 
fore finest in texture. For the most part, each dyke appears to be due to a single uprise 
of molten matter, though considerable movements may have taken place within its mass 
before the whole stiffened into stone. But where, after more or less complete consolidation 
had taken place, the fissure opened again, or from any other cause the dyke was split along 
its centre, any lava which rose up the rent would tend to take a finer grain than the 
material of the rest of the dyke, and might even solidify as glass. 

Large scattered crystals of felspar, of an earlier consolidation than that of the minuter 
forms of the same mineral in the general ground-mass of the rock, give a porphyritic 
structure and andesitic character to many dykes. Occasionally such crystals attain a 
considerable size. Mr CioucH has observed them in some of the Argyleshire dykes 
reaching a length of between three and four inches, with a thickness of two inches. Some- 
times they are distributed with tolerable uniformity through the substance of the dyke. 
But not infrequently they may be observed in more or less definite bands parallel with 
the boundary walls. Unlike the younger lath-shaped and much smaller felspars of the 
ground-mass, they show no diminution either in size or abundance towards the edge of the 
dyke. On the contrary, they are often conspicuous in the close-grained marginal strip, 
and they may be found even in the glassy selvage, and touching the very wall of the 
fissure. Indeed, they are sometimes more abundant in the outer than in the inner 
portions of a dyke. 

Mr CLoucuH has given me the details of an interesting case of this kind observed by 
him in Glen Tarsan, Eastern Argyleshire :—‘“ For an inch or so from the edge of this 
dyke,” he remarks, “ porphyritic felspars giving squarish sections, and ranging up to one- 
third of an inch in length, are so abundant as nearly to equal in bulk the surrounding 
ground-mass. For the next inch and a half, they are decidedly fewer, occupying perhaps 
hardly an eighth of the area exposed. Then for a breadth of three inches they come in 
again nearly as abundantly as at the sides; after which they diminish through a band 
27 inches broad, where they may form from } to 4, of the rock.” He found another 
case where, in a dyke several yards wide, porphyritic felspars, sometimes an inch long, 
are common along the eastern margin of the dyke in a band about two inches broad, 
but are nearly absent from the rest of the rock. Elsewhere the crystals are grouped 
rather in patches than in bands. 

Not only are these porphyritic felspars apt to occur in bands parallel with the outer 
margins of the dykes, but they tend to range themselves with their longer axis in the 
same direction, thus even on a large scale, visible at some distance, showing the flow- 
structure, which is so often erroneously regarded as essentially a microscopic arrange- 
ment, 

Another macroscopic character of the material pam PORNG the dykes is the frequent 
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presence of amygdules. It has sometimes been supposed that the amygdaloidal structure 
may be relied upon as a test to distinguish a mass of molten rock which has reached the 
surface, from one which has consolidated under considerable pressure below ground. 
That this supposition, however, is erroneous, is demonstrated by hundreds of dykes in the 
great system which I am now describing. But the amygdules of a dyke offer certain 
peculiarities which serve in a general way to mark them off from those of an outflowing ' 
lava. They are usually smaller, and more uniform in size, than in the latter rock. They 
are also more regularly spherical and less frequently elongated in the direction of flow. 
Moreover, they are not usually distributed through the whole breadth of a dyke, but 
tend to arrange themselves in lines especially 
towards its centre (fig. 2). In these central 
_ bands the cavities are largest and depart farthest 
from the regular spherical form, so that for short 
spaces they may equal in bulk the mass of en- 
closing rock. In some rare instances, a whole 
dyke is composed of cellular basalt, like one of 
the sheets in the plateaux, as may be seen on 
the north flank of Beinn Suardal, Skye. 
Besides the common arrangement of fine- 
grained edges and a more coarsely crystalline 
| centre, instances are found where one of the 
contrasted portions of a dyke traverses the other in the form of veins. Of these, I think, 
there are two distinct kinds, probably originating in entirely different conditions. In 
the first place, they may be of coarser grain than the rest of the rock; but such a 
structure appears to be of extremely rare occurrence. I have noticed some examples 
on the coast of Renfrewshire, where strings of a more coarsely crystalline texture 
traverse the finer-grained body of the rock. Veins of this kind are probably of the 
same nature as the segregation-veins, to be afterwards referred to as a frequent 
occurrence among the thicker intrusive sheets. They consist of the same minerals 
as the rest of the rock, but in a different and more developed crystalline arrangement, 
and they contain no glassy or devitrified material, except such portions of that of 
the surrounding ground-mass as may have been caught between their crystalline 
constituents. 

The second kind of veins, which though not common, is of much more frequent occur- 
rence than the first, is more particularly to be met with among the broader dykes, and 
is distinguished by a remarkable fineness of grain, sometimes approaching the texture of 
felsite or jasper, and occasionally taking the form of actual glass. Such veins vary from 
half an inch or less, up to four or five inches in breadth. They run sometimes parallel 
with the walls of the dyke, but often irregularly in all directions, and for the most part 
avoid the marginal portions, though now and then coming up to the edge. They never 
extend beyond the body of the dyke itself into the surrounding rock. Though they have 
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obviously been injected after the solidification of the rock which they traverse, they may | 
quite possibly be extrusions of a deeper unconsolidated portion of the same rock into 
rents of the already stiffened overlying parts. The field-geologist cannot fail to be 
struck with the much greater hardness of these fine-grained veins and strings that 
ramify through the coarsely crystalline dolerite, andesite, or other variety of the broader 
dykes. He can readily perceive in many: cases their more siliceous composition, and the 
inferences he deduces from the rough observations he can make in the field are confirmed 
by the results of chemical analysis (see p. 44). 

In connection with veins of finer material, that may belong to a late stage of the con- 
solidation of the general body of a dyke, reference may be made here to the occasional 
occurrence of patches of an exceedingly compact or homogeneous texture immersed in 
the usual finely crystalline marginal material. They look like angular and subangular 
portions of the more rapidly cooled outer edge, which have’ been broken off and carried | 
upward by the still moving mass in the fissure.* | 

In general, each dyke is composed of one kind of rock, and retains its chemical and © 
mineralogical characters with singular persistence. The difference of texture between . 
the fine-grained chilled margin, with its occasional glassy coating, and the more coarsely 
crystalline centre is obviously due to the effects of different rates of cooling in what was 
no doubt originally one uniform molten mass. The glassy central bands, too, though 
they seem to indicate a rupture of the dyke up the middle, may at the same time quite 
conceivably be, as I have said, extrusions from a lower portion of the dyke before the final 
solidification of the whole. The ramifying veins of finer grain that now and then traverse 
one of the large dykes are likewise explicable as parts of the same stage towards entire 
consolidation. All these vitreous portions, whether still remaining as glass or having 
undergone devitrification, are more acid than the surrounding crystalline parts of the rock. 
_ They represent the siliceous “ mother-liquor,”’ so to speak, which was left after the 
separation from it of the crystallised minerals, and which, perhaps entangled here and 
there in vesicles of the slowly cooling and consolidating rock, was ready to be forced up 
into cracks of the overlying mass during any renewal of terrestrial disturbance. 

But examples occur where a dyke, instead of consisting of one rock, is made up of two 
or more bands of rock which, even if they resemble each other closely, can be shown to be 
the results of separate eruptions. These, which are obviously not exceptions to the 
general rule of the homogeneity of dykes, I will consider in a later section of this paper. 

Among the petrographical varieties observable in the field is the occasional 
envelopment of portions of the surrounding rocks in the body of a dyke. Angular © 
fragments torn off from the fissure-walls have been carried upwards in the ascending lava, 
and now appear more or less metamorphosed, the amount of alteration seeming to depend 
chiefly upon the susceptibility of the enclosed rock to change from the effects of heat. 
Cases of such entanglement of foreign substances, however, are of less common occurrence 
than might have been expected. Occasionally, where the enclosed fragments are oblong, 

* See J. J. H. Teall, Quart. Jour. Geol. Soc., xl. (1884) p. 214. 
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they are arranged with their longer axes parallel to the walls of the dyke, showing 
flow-structure on a large scale. Mr Ciouaa has lately found some dykes near Dunoon 
which enclose fragments of schist nearly three feet in length. 

One of the most interesting of the macroscropic features of the dykes, is the joints by 
which they are traversed. These divisional planes are no doubt to be regarded as con- 
sequences of the contraction of the original molten rock during cooling and consolidation 
between its fissure-walls. They are of considerable interest and importance, inasmuch as 
they furnish a ready means of tracing a dyke when it runs through rock of the same 
nature as itself, and also help to throw some light on the stages in the consolidation of the 
material of the dyke. 

Two distinct systems of joints are recognisable (fig. 3). Though sometimes combined 
in the same dyke, they are most conspicuously displayed when each occurs, as it 
generally does, by itself. The first and less 
frequent system of joints (a) has been deter- 
mined by lines of retreat, which are parallel to 
the walls of the dyke. The joints are then 
t closest together at the margin, and may be few 
HL: or altogether absent in the centre. They are 
sometimes so numerous, parallel and defined 
H- |- towards the borders of the dyke, as to split the 
i rock up into thin flags. Where transverse joints 

paivalllel tranaverse. are also present, these flags are divided into 

irregular tesserae. 

In the second or transverse system of joints (6), which is the more usual, the divisional 
lines pass across the breadth of the dyke, either completely from side to side or from one 
wall for a longer or shorter distance towards the other. Where this series of joints is 
most completely developed the dyke appears to be built up of prisms piled horizontally, 
or nearly so, one above another. These prisms, in rare instances, are as regular as the 
columns of a basalt-sheet. Usually, however, they have irregularly defined faces, and merge 
into each other. Where the prismatic structure is not displayed, the joints starting sharply 
at the wall of the dyke strike inwards in irregular curving lines. It is such transverse 
joints that enable the eye, even from a distance, to distinguish readily the course of a dyke up 
the face of a cliff of basalt-beds, for they belong to the dyke itself, are often at right angles 
to those of the adjacent basalt, and by their alternate projecting and re-entering angles 
are banded across with parallel bars of light and shade. Where they traverse not only 
the general mass of a dyke, but also the ‘‘ contemporaneous veins” which cross it, it may 
be plausibly inferred that these veins were injected before the final solidification and 
contraction of the whole dyke. 

One of the most remarkable exhibitions of joint-structure hitherto noticed among 
these dykes, is that which occurs in the central vitreous band of the Eskdale dyke 
already referred to. The rock is divided into nearly horizontal prisms, each of which 
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consists of a central more vitreous core and an outer more lithoid sheath. By the 
coherence of their polygonal and irregular faces, and the greater durability of their 
material, these sheaths project on the weathered wall of the vitreous centre of the dyke 
in a curiously reticulated grouping of prominent ribs each about two inches broad (fig. 4), 
_ while the vitreous cores, being more readily acted on by the weather, are hollowed out 
into little cup-shaped depressions. ach rib is thus composed of the sheaths or outer 
lithoid portions of two prisms, the line of separation being marked by a suture along the 
centre (fig. 4,8). Between this median suture and the inner glassy core the rib is further 
cut into small segments by a set of close joints, which are placed generally at right angles 
to the course of the rib (fig. 4,c). Examined with a lens, the lithoid substance of these 
sheaths has a dull finely granular aspect, like that of felsitic rocks, with scattered felspars, 
It is obviously a more devitrified condition of the material which forms the core of each 
prism. This material presents on a fresh fracture a deep iron-black colour, dull resinous 


A, B. C, 
Fic. 4.—Joint-Structures in the central vitreous portion of the Eskdale Dyke (B. N. Peach). 


A. View of a square yard of the outer wall of the vitreous central band, showing the polygonal arrangement of the prisms and 
their investing sheath of ribs. 


B. View of a smaller portion of the same wall to show the detailed structure of the ribs (a, a) and their vitreous cores (}, 5). 
c. Profile of a part of the weathered face of the wall, showing the way in which the hard ribs or sheaths project at the surface, 


lustre, and vitreous texture. It at once recalls the aspect of many pitchstones, and in the 
early days of petrography was naturally mistaken for that rock. Through its substance 
numerous kernels of more glassy lustre are dispersed, each of which usually contains one or 
more amygdules of dull white chalcedony, but sometimes only an empty black cavity. 
These black glistening kernels of glass, of all sizes up to that of a small bean, scattered 
through the dull resinous matrix, form with the white amygdules the most prominent 
feature in the cores; but crystals of felspars may also be observed. Some details of the 
microscopic characters of this remarkable structure will be given in a subsequent page. 
The relation of the cores and sheaths to the prismatic jointing of the rock seems to show 
that devitrification had not been completed when these joints were established, and that 
it proceeded from the faces of each prism inwards. 

2. Internal Characters.—Much information has in recent years been obtained regarding 
the microscopic structure of some of the basic dykes. The crystalline characters of those 
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in the north of England have been studied by Mr Trati,* and some of those from 
the west of Scotland have been investigated by Professor Jupp and Mr Cote.t Taken 
as a whole, the rocks composing the dykes are found, when examined microscopically, 
to consist essentially of mixtures of a plagioclase felspar, pyroxene, an iron oxide, and 
sometimes olivine, usually with more or less interstitial matter. 

The felspar appears to be in some cases labradorite, in others anorthite, but there 
may be a mingling of several species in many of the dykes, as in the augite-andesite of 
the Santorin eruption in 1866, wherein Fougue found the larger porphyritic felspars 
were mainly labradorite, but included also anorthite, while those of the ground-mass 
were microliths of albite and oligoclase.{ The large felspars scattered porphyritically 
through the ground-mass are evidently the result of an early consolidation. They 
are often cracked, and penetrated by the ground-mass, or even broken into fragments. 
They also include portions of the ground-mass, and present the zonal growth 
structure in great perfection. The small felspars of the ground-mass, on the other 
hand, are as obviously the result of a later crystallisation, for they vary in size and 
crystallographic development according to their position in the dyke. Those from the 
centre are often in well-formed crystals, which sometimes pass round their borders into 
acicular microliths. Those in the marginal parts of the dyke occur chiefly in the form 
of these microliths. Curious skeleton forms, composed of aggregates of microliths, 
connect the latter with the more completely developed crystals, and illustrate the mode of 
crystallisation of the felspathic constituents of the dykes.§ 

The pyroxene is probably in most cases monoclinic (black or common augite), but is 
sometimes rhombic (usually enstatite, less frequently perhaps hypersthene). It occurs 
in (a) well-developed crystals, (6) crystalline masses with some of the faces of the crystals 
developed, (c) granular aggregates which polarise in one plane, (d) separate granules and 
microscopic microliths, which may be spherical (globulites) or oblong (longulites). 

The black iron oxide is sometimes magnetite, sometimes ilmenite, or other titaniferous 
ore. Apatite not infrequently occurs among the original constituents. Olivine is 
entirely absent from many of the dykes, and no serpentinous matter remains to indicate 
that it was ever present in them. But it is also to be met with in numerous cases, either 
in sparsely scattered or in tolerably abundant crystals. Biotite occasionally appears. 
Among the secondary products, calcite and pyrites are doubtless the most common. To 
these must be added quartz, chalcedony, and various zeolitic substances, besides the 
“viridite” and “ opacite,” which result from the decomposition of the ferro-magnesian 
constituents and the oxidation of the ferrous oxides. 

In many dykes there is little or no interstitial matter between the crystalline 
constituents of the ground-mass. In others this matter amounts te a half or more of 
the whole composition, and from such cases we may trace a series of gradations until 

* Quart. Jour. Geol. Soc., vol. xl. (1884). 


t Op. cit., vol. xxxix. (1883) p. 444 (basalt-glass) ; xlii. (1886) p. 49, where Professor Jupp discusses the gabbros, 
dolerites, and basalts as a whole. See postea, p. 77, note. t Santorin et ses Eruptions, 1879 p. 203. 
§ See Mr TEaLt’s excellent description of the Cleveland dyke, in the paper above cited. 
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we arrive at a complete glass containing only the rudimentary forms of crystals 
(globulites, longulites, &c.), with scattered porphyritic crystals of an earlier consolida- 
tion. The process of the disappearance of this original glass may be admirably studied 
in many dykes. At the outer wall, the glass remains nearly as it was when contact with 
the cold walls of the fissure solidified it. From that external vitreous layer the 
successive devitrification products and crystalline growths may be followed inwards 
until in the central parts of the dyke little trace of the interstitial matter may 
be left. 

The most instructive example of the process of devitrification which has come under 
my observation occurs in the Eskdale dyke. The central “cores” already referred to 
present a true glass, which in thin sections is perfectly 
transparent and almost colourless, but by streaks and 
curving lines of darker tint shows beautiful flow-structure. 
The devitrification of this glass has been accomplished by 
the development of crystallites and crystals, which increase 
in number until all the vitreous part of the rock disappears. 
What appears under a low power to be a structureless or 
slightly dusty glass can be resolved with a higher objective 
inte an aggregate of minute globules or granules (globulites), 
which average perhaps Of an inch in diameter. of the 
Some of these bodies are elongated and even dichotomous _ vitreous part of the Eskdale Dyke. 
at the ends. ‘These granules are especially crowded upon 
clear yellow dart-shaped rods, which in turn are especially _ with microliths, each of which consists 

‘ of a central pale yellow rod crusted 
prominent upon crystals and crystalline grains of augite yin pale yellow isotropic globulites. 
which bristle with them, while the immediately surround- —_—‘The glass around this aggregation is 
‘ P clear, but at a little distance globulites 
ing glass has become clear. There can be little doubt 


(many of them elongated and dicho- 


that these rudimentary bodies are stages in the arrested — *°mous) abound, with here and there 
é scattered microliths, some of which are 
development of augite crystals. There occur also opaque curved and spiral. (800 diameters. )* 


grains, rods, and trichites, which no doubt consist in whole 
of magnetite (or other iron oxide), or are crusted over with that mineral. 

At least two broad types of microscopic structure may be recognised among the basic 
dykes. (1) Holocrystalline, or with only a trifling proportion of interstitial matter. 
This type includes the dolerites and basalts, as well as rocks which German 
petrographers would class as diabases or diabase-porphyrites. The rocks are very 
generally characterised by what is known as the ophitie structure, where the lath-shaped 
felspars penetrate the augite, and are therefore of an earlier consolidation. In such cases 
there is a general absence of any true interstitial matter. The rocks of this type are often 
rich in olivine, and appear to be on the whole considerably more basic than those of the 
second group. It is observable that they increase in numbers from the centre of Scotland 
westwards, and throughout the region of the basalt-plateaux they form the prevailing 

* Proc. Roy. Phys. Soc. Edin., v. (1880) p. 255. 


x 
we 
> 
| 


44 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


type. (2) In this type there is a marked proportion of interstitial substance, which is 
inserted in wedge-shaped portions among the crystallised constituents (‘‘intersertal 
structure” of RosenBuscH). The ophitic structure appears to be absent, and olivine is 
either extremely rare or does not occur at all. The rocks of this group are obviously less 
basic than those of the other. They form the large dykes that rise so conspicuously 
through the south of Scotland and north of England, and their general characters are well 
described by Mr Tea in the paper already cited. In some instances they enclose 
abundant porphyritic felspars of earlier consolidation, and then present most of the 
characters of andesites. Professor RoseNBuscH has recently extended the name of 
‘‘ Tholeiites” to rocks of this group in the north of England.* The vitreous condition is 
found in both types, but is perhaps more frequent in the second. The glass of the 
basalts, however, even in thin slices, is characteristically opaque from its crowded 
inclusions ; while that of the andesitic forms, though black in hand specimens, appears 
perfectly transparent and sometimes even colourless in thin slices. 

8. Chemical Characters.—The only one of these to which reference will be made here 
is the varying proportion of silica. While the dykes as a whole are basic, some of them 
contain so high a percentage of silica as to link them with the acid rocks. The pro- 
portion of this ingredient ranges from less than 50 to nearly 60 per cent. The rocks 
with the lower percentage of acid are richer in the heavy bases, and have a specific 
gravity which sometimes rises above 3°0. They include the true dolerites and basalts. 
Those, on the other hand, with the higher ratio of silica, are poorer in the heavy bases, 
and have a specific gravity from 2°76 to 2°96. They comprise the “tholeiites,” 
“‘andesites,” and other more coarsely crystalline rocks of the great eastern and south- 
eastern dykes.t | 

Not only do the dykes differ considerably from each other in their relative proportions 
of silica, but even the same dyke may be found to present a similar diversity in different 
parts of its mass. It has long been a familiar fact that the glassy parts of such basic rocks 
are more acid than the surrounding crystalline portions. The original magma may be 
regarded as a natural glass or fused silicate, in which all the elements of the rock were 
dissolved, and which necessarily became more acid as the various basic minerals crystal- 
lised out of it.[ In the Eskdale dyke the silica percentage of this glassy portion is 58°67, 
that of the little kernels of black glass dispersed through the rock as much as 65°49.§ 
In the Dunoon dyke observed by Mr Ciovucu the siliceous or jaspideous veins contain no 


less than 68°05 per cent. of silica, while the mass of the dyke itself shows on analysis 
only 47°36 per cent.| 


* Mikroskopische Physiographie, 2nd edition, 504 et seq. 

+ For analyses of dykes, see I. L. Bell, Proc. Roy. Soc., xxiii. p. 546; J. S. Grant Wilson, Proc. Roy. Phys. Soc. 
Edin., v. p. 253 ; Teall, Quart. Jour. Geol, Soc., xl. p. 209; Judd and Cole, Quart. Jour. Geol. Soc., xxxix. p. 444. 

t On this subject see a paper by Dr A. Lagorio, “ Uber die Natur der Glasbasis sowie der Krystallisationsvorginge 
iin eruptiven Magma,” Tschermak’s Mineralog. Mittheil., viii. (1887) p. 421. 

§ J.S. Grant Wilson, Proc. Roy. Soc. Phys. Edin., v. (1880) p. 253. 

|| Unpublished analyses made by Prof. Dirrmar of Glasgow, and communicated to me by Mr CLoven. 
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4, Petrographical Nomenclature.—It is obvious that no one term will suffice to 
describe a series of rocks presenting such variety of mineralogical and chemical composi- 
tion as those that form the system of dy! 2s now under discussion. Basalt, dolerite, 
melaphyre, diabase, augite-porphyrite, diaba :-porphyrite, augite-andesite, and doubtless 
other names might be appropriately apy lied to different dykes; sometimes, indeed, 
more than one of these terms might be given to different parts of the same dyke. When 
the geological history of the dykes, and their connection with the rest of the volcanic 
phenomena are the subject of inquiry, rather than their petrographical characters, it 
becomes convenient to adopt some general term which may appropriately describe the 
whole. The word “basalt” has been so employed, but it is obviously so inapplicable to 
the more acid and andesitic rocks that its use as a general epithet is objectionable. None 
of the other specific names are free from the same defect. The old term “ trap” would be 
useful, but it has become obsolete, and its revival might be attended with grave dis- 
advantages, In referring to the dykes of this great system, therefore, I shall speak of 


them as “the basic dykes,” reserving specific names for such individual cases as may 
require them. 


§ 4. Habe. 


In the great majority of cases the dykes are nearly or quite vertical. This position 
is more particularly exhibited by the great single dykes. But occasionally, where one 
of these crosses a deep valley, a slight hade is perceptible by the deviation of the 
line of the dyke from its normal course. SEDG@wick long ago noticed that the 
Cleveland dyke has, in places, an inclination of at least 80° to its N.E. side.* In 
the coal-workings, also, a trifling inclination is sometimes perceptible, especially where a 
dyke has found its way along a previously existing line of fault, as in several examples 
in Stirlingshire. But in those districts where the dykes are gregarious, departures from 
the vertical position are not infrequent, more particularly near the great basalt-plateaux. 
It was long ago noticed by Necker, that even in such a dyke-filled region as Arran, almost 
all of the dykes are vertical, though sometimes deviating from that position to the extent 
of 20°.t Brrcrr found that the angle of deviation among those of the north of Ireland 
ranges from 9° to 20°, with a mean of 13°.[ The most oblique examples are probably 
those which occur in the basalt-plateaux of the Inner Hebrides, where the same dyke in 
some parts of its course runs horizontally between two beds, across which it also ascends 
vertically (see fig. 41). But with these minor exceptions, the verticality of the great 
system of dykes, pointing to the perpendicular fissure-walls between which the molten 
rock ascended, is one of the most notable features in their geological structure. 


§ 5. BREADTH. 


An obvious characteristic of most dykes is the apparent uniformity of their breadth. 
Many of them, as exposed along shore-sections, vary as little in dimensions as well- 


* Cambridge Phil. Trans., ii. p. 28. + Trans. Roy. Soc, Edin., xiv. p. 677. t Trans. Geol. Soc., iii. p. 227. 
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built walls of masonry do. Departures from such uniformity may often indeed be 
noted, whether a dyke is followed laterally or vertically. The largest amount of varia- 
tion is, of course, to be found among the dykes of the gregarious type, the thinner 
examples of which may diminish to a width of only one inch or less, while their average 
breadth is greatly less than in the case of the great solitary dykes. In the district of 
Strathaird, in Skye, MaccuLtocn estimated the remarkably abundant dykes there 
developed to vary from 5 to 20 feet in breadth, but with an average breadth of not more 
than 10 feet.* In the isle of Arran, according to NEcKER’s careful measurements, 
most of the dykes range from 2 or 3 to 10 or 15 feet, but some diminish to a few 
inches, while others reach a width of 20,30 or even 50 feet.t In the north of Ireland, 
Bercer observed that the average breadth of thirty-eight dykes traversing primitive 
rocks (schist, granites, &c.) was 9 feet ; and of twenty-four in Secondary rocks, 24 feet.t 
But when we pass to the great solitary dykes, that run so far and so continuously 
across the country, we encounter much thicker masses of igneous rock. Most of the 
measurements of these dykes have been made at the surface, and the variations noted in 
their breadth occur along their horizontal extension. The Cleveland dyke, which is the 
longest in Britain, varies from 15 to more than 100 feet, with perhaps an average width 
of between 70 and 90 feet.§ Some of the great dykes that cross Scotland are of larger 
dimensions. Most of them, however, like that of Cleveland, are liable to considerable 
variations in breadth when followed along their length. The dyke which runs from the 
eastern coast across the Cheviot Hills and Teviotdale to the head of the Ale Water, is in 
some places only 10 feet broad, but at its widest parts is probably about 100 feet. The 
Eskdale and Moffat dyke is in parts of its course 180 feet wide, but elsewhere it 
diminishes to not more than 40 feet. These variations are repeated at irregular intervals, 
so that the dyke alternately widens and contracts as we trace its course across the hills. 
Some of the dykes further to the north and west attain yet more gigantic proportions. 
That which crosses Cantyre opposite Ardlamont Point has been measured by Mr J. B. 
Hr11 of the Geological Survey, who finds it to be from 150 to 180 feet broad on the shore 
of Loch Fyne, and to swell out beyond the west side of Loch Tarbert to a breadth of 
240 to 270 feet. A dyke near Strathmiglo, in Fife, is about 400 feet wide. The broadest 
dyke known to me is one which I traced near Beith, in Ayrshire, traversing the Carboni- 
ferous Limestone. Its maximum width is 640 feet. | 
Unfortunately, it is much less easy to get evidence of the width of dykes at different 
levels in their vertical extension. Yet this is obviously an important point in the 
theoretical discussion of their origin. Two means are available of obtaining information 


on the subject—({a) from mining operations, and (b) from observations at precipices 
and between hill-crests and valley-bottoms. 


* Trans, Geol. Soc., iii. p. 80. t+ Trans. Roy. Soc. Edin., xiv. p, 690 et seq. 

t Trans. Geol. Soc., iii. p. 226. He believed that dykes in Secondary rocks reach a much greater thickness than in 
other formations. My own observations do not confirm this generalisation. 

§ At Cockfield, where it has long been quarried, it varies from 15 to 66 feet ; at Armathwaite, in the vale of the 
Eden, it is about 54 feet (J. J. H. Teall, Quart. Jour. Geol. Soc., xl. p. 211). 
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(a) In the central Scottish coal-field and in that of Ayrshire some large dykes have 
been cut through at depths of two or three hundred feet beneath the surface. But 
there does not appear to be any well-ascertained variation between their width so far 
below ground and at the surface. In not a few cases, indeed, dykes are met with in 
the lower workings of the coal-pits which do not reach the surface or even the workings 
in the higher coals. Such upward terminations of dykes will be afterwards considered, 
and it will be shown that towards its upper limit a dyke may rapidly diminish in width. 
(b). More definite information, and often from a wider vertical range, is to be gathered 
on coast-cliffs and in hilly districts, where the same dyke can be followed through a 
vertical range of several hundred feet. But so far as my own observations go, no 
general rule can be established that dykes sensibly vary in width as they are traced 
upward. Every one who has visited the basalt precipices of Antrim or the Inner 
Hebrides, where dykes are so numerous, will remember how uniform is their breadth as 
they run like ribbons up the faces of the escarpments.* Now and then one of them may 
be observed to die out, but in such cases (which are far from common among true dykes) 
the normal width is usually maintained up to within a few feet of the termination. 
_ All over the southern half of Scotland, where the dykes run along the crests of the 
hills and also cross the valleys, a difference of level amounting to several hundred feet may 
often be obtained between adjacent parts of the same dyke. But the breadth of igneous 
rock is not perceptibly greater in the valleys than on the ridges. The depth of boulder 
clay and other superficial deposits on the valley bottoms, however, too frequently conceals 
the dykes at their lowest levels. Perhaps the best sections in the country for the study 
of this interesting part of dyke-structure are to be found among the higher hills of the 
Inner Hebrides, such as the quartzites of Jura and the granophyres and gabbros of Skye. 
On these bare rocky declivities, numerous dykes may be followed from almost the sea- 
level up to the rugged and splintered crests, a vertical distance of between 2000 and 
3000 feet. The dykes are certainly not as a rule sensibly less in width on the hill tops 
than in the glens. So far, therefore, as I have been able to gather the evidence, there 
does not appear to me to be, as a general rule, any appreciable variation in the width of 
dykes for at least 2000 or 3000 feet of their descent. The fissures which they filled must 
obviously have had nearly parallel walls for a long way down. 


§ 6. InrERRUPTIONS OF LATERAL CONTINUITY. | 


In tracing the great single dykes across the country, the geologist is often surprised 
to meet with gaps, varying in extent from a few hundred feet to several miles, in which 
no trace whatever of the igneous rock can be detected at the surface. ‘This dis- 
appearance is not always explicable by the depth of the cover of superficial accumulations; 

* This point did not escape the attention of that excellent observer, BERGER, in his examination of the dykes in 
the north of Ireland. We find him expressing himself thus :—‘“ The depth to which the dykes descend is unknown; 


and after having observed the sections of a great many along the coast in cliffs from 50 to 400 feet in height, I have not 


been able to ascertain (except in one or two cases) that their sides converge or have a wedgeform tendency” (Trans. 
Geol. Soc., iii. p. 227). 
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for it may be observed over ground where the naked rocks come almost everywhere to 
the surface, and where, therefore, if the conspicuous material of-.the dykes existed, it 
could not fail to be found. No dyke supplies better illustrations of this discontinuity 
than that of Cleveland. Traced north-westward across the Carboniferous tracts that 
lie between the mouth of the Tees and the Vale of the Eden, this dyke disappears some- 
times for a distance of six or eight miles. In the mining ground round the head of 
the South Tyne the rocks are bare, so that the absence of the dyke among them 
can only be accounted for by its not reaching the surface. Yet there can be no doubt 
that the various separated exposures, which have the same distinctive lithological characters 
and occur on the same persistent line, are ali portions of one dyke which is continuous 
at some depth below ground. We have thus an indication of the exceedingly irregular 
upward limit of the dykes, as will be more particularly discussed further on. 

But there are also instances where the continuity is interrupted and then resumed 
on a different line. One of the best illustrations of this character is supplied by the 
large dyke which rises through the hills about a mile south of Linlithgow and runs 
westward across the coal-field. At Blackbraes it ends off in a point, and is not found 
again to the westward in any of the coal-workings. But little more than quarter of a 
mile to the south a precisely similar dyke begins, and strikes westward parallel to the 
line of the first one. The two separated strips of igneous rock overlap each other for 
about three-quarters of a mile. But that they are merely interrupted portions of what 
is really a single dyke can hardly be questioned. A second example is furnished by 
another of the great dykes of the same district, which after running for about 12 miles 
in a nearly east and west direction suddenly stops at Chryston, and begins again in the 
same direction, but on a line about a third of a mile further north. Such examples 
serve to mark out irregularities in the great fissures up which the materials of the 
dykes rose. | 


§ 7. 


In those districts where the small and crowded dykes of the gregarious type 
are developed, one cannot usually trace them for more than a short distance. The 
longest examples known to me are those which have recently been mapped with much 
patience and skill by Mr CLoven in Eastern Argyleshire. Some of them he has been 
able to track over hill and valley for four or five miles, though the great majority are 
much shorter. In Arran and in the Inner Hebrides, it is seldom possible to follow what 
we can be sure is the same dyke for more than a few hundred yards, This difficulty 
arises partly, no doubt, from the frequent spread of peat or other superficial accumulation 
which conceals the rocks, and partly also from the great number of dykes and the want 
of sufficiently distinct lithological characters for the identification of any particular one. 
But making every allowance for these obstacles, we are compelled, I think, to regard the 
gregarious dykes as essentially short as well as relatively irregular. 

In striking contrast to these, come the great solitary dykes. In estimating their 
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length, as I have already remarked, we must bear in mind the fact that they occasionally 
undergo interruptions of continuity owing to the local failure of the igneous material to 
rise to the level of what is now the surface of the ground. A narrow wall-like mass of 
augite-andesite, dolerite, or basalt which sinks beneath the surface for a few hundred 
yards, or for several miles, nd reappears on the same line with the same petrographical 
characters, while there may be no similar rock for miles to right and left, can only be one 
dyke prolonged underneath in the same great line of fissure. But even if we restrict our 
measurements of length to those dykes or parts of dykes where no serious interruption of 
continuity takes place, we cannot fail to be astonished at the persistence of these strips 
of igneous rock through the most diverse kinds of geological structure. A few illustrative 
examples of this feature may be selected. It will be observed that the longest and 
broadest dykes are found furthest from the basalt-plateaux, while the shortest and 
narrowest are most abundant near these plateaux. 

Not far from what I have taken provisionally as the northern boundary of the dyke 
region, two dykes occur which have been mapped from the head of Loch Goil by 
Arrochar across Lochs Lomond and Katrine by Ben Ledi to Glen Artney, whence they 
strike into the Old Red Sandstone of Strathmore, and run on to the Tay near Perth—a 
total distance of about 60 miles. If the dyke which continues in the same line on the 
other side of the estuary of the Tay beyond Newburgh, is a prolongation of one of these, 
then its entire length exceeds 70 miles. A few miles further south, one of a group of 
dykes can be followed from the heart of Dumbartonshire by Callander across the Braes of 
Doune to Auchterarder—a distance of 47 miles, with an average breadth of more than 
100 feet. In the district between the Forth and Clyde a number of long parallel dykes 
can be traced for many miles across hill and plain, and through the coal-fields. One of 
these is continuous for 25 miles from the heart of Linlithgowshire into Lanarkshire. 
Still longer is the dyke which runs from the Firth of Forth at Grangemouth westward 
to the Clyde, opposite Greenock—a distance of about 36 miles. Coming southward, we 
encounter a striking series of single dykes on the uplands between the counties of 
Lanark and Ayr, whence they strike into the Silurian hills of the southern counties. 
One of these runs across the crest of the Haughshaw Hills, and can be followed for some 
30 miles. But if, as is probable, it is prolonged in one of the dykes that traverse the 
moorlands of the north of Ayrshire and south of Renfrewshire to the Clyde, its actual 
length must be at least twice that distance. The great Moffat and Eskdale dyke strikes 
for more than 50 miles across the south of Scotland and north of England. The Hawick 
and Cheviot dyke runs for 26 miles in Scotland and for 32 miles in Northumberland. 
But the most remarkable instance of persistence is furnished by the Cleveland dyke. 
From where it is first seen near the coast-cliffs of Yorkshire it can be followed, with frequent 
interruptions, during which for sometimes several miles no trace of it appears at the 
surface, across the north of England and as far as Dalston Hall south of Carlisle, beyond 
which the ground onwards to the Solway Firth is deeply covered with superficial deposits. 
The total distance through which this dyke can be recognised is about 110 miles. But 
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it probably goes much further still. On the opposite side of the Solway, a dyke which 
runs in the same line, rises through the Permian strata a little to the east of the 
mouth of the Nith. Some miles further to the north-west, near Moniaive, Mr J. Horne, 
in the progress of the Geological Survey, traced a dark compact dyke with kernels of 
basalt-glass near its margin, running in the same north-westerly direction. Still further 
on in the same line, another similar rock is found high on the flanks of the lofty hill 
known as Windy Standard. And lastly, in the Ayrshire coal-field, a dyke still continuing 
the same trend, runs for several miles, and strikes out to sea near Prestwick. It cannot, 
of course, be proved that these detached Scottish protrusions belong to one great dyke, or 
that if such a continuous dyke exists, it is a prolongation of that from Cleveland. At 
the same time, I am on the whole inclined to connect the various outcrops together as 
those of one prolonged subterranean wall of igneous rock. The distance from the last 
visible portion of the Cleveland dyke near Carlisle to the dyke that runs out into the 
Firth of Clyde near Prestwick, is about 80 miles. If we consider this extension as a 


part of the great north of England dyke, then the total length of this remarkable 
geological feature will be about 190 miles. 


§ 8. Persistence or MINERAL CHARACTERS. 


Not less remarkable than their length is the preservation of their normal petrographical 
characters by some dykes for long distances. In this respect the Cleveland dyke may 
again be cited as a typical example. The macroscopic and microscopic structures of 
the rock of this dyke distinguish it among the other eruptive rocks of the north of 
England. And these peculiarities it maintains throughout its course.* Similar though 
less prominent uniformity may be traced among the long solitary dykes of the south of 
Scotland, the chief variations in these arising from the greater or less extent to which 
the original glassy magma has been retained. The same dyke will at one part of its 
course show abundant glassy matter even to the naked eye, while at a short distance the 


vitreous ground-mass has ‘been devitrified, and its former presence can only be detected 
with the aid of the microscope. 


§ 9. Direction. 


Another characteristic feature of the dykes is their generally rectilinear course. 
So true are they to their normal trend that, in spite of varying inequalities of surface 
and wide diversities of geological structure in the districts which they traverse, they 
run over hill and dale almost with the straightness of lines of Roman road. In the 
districts where they assume the gregarious type, and depart most widely from the character 
of the great solitary dykes, they still tend to run in straight or approximately straight 
lines, or, if wavy in their course, to preserve a general parallelism of direction. 

Yet even among the great persistent dykes instances may be cited where the recti- 
linear trend is exchanged for a succession of zig-zags, though the normal direction is 

* See th> careful examination of this dyke by Mr Teall, Quart. Jour. Geol. Soc., xl. p. 209. 
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on the whole maintained. In such cases, it is evident that the fissures were not long 
straight dislocations like the larger lines of fault in the earth’s crust, but were rather 
notched rents or cracks which, though keeping on the whole one dominant direction, were 
continually being deflected for short distances to either side. As a good illustration of 
this character, reference may be made to the Cheviot and Hawick dyke. In Teviotdale 
this dyke can be followed continuously among the rocky knolls, so that its deviations 
can be seen and mapped. From the median line of average trend the salient angles 
sometimes retire fully a quarter of a mile on either side. Some examples of the same 
feature may be noticed in the Eskdale dyke. The large dyke which runs westward from 
Dunoon has been observed by Mr CLouaH to change sharply in direction three times in 
four miles, running sometimes for a short distance at a right angle to its general 
direction (see fig. 17). 

Among these solitary dykes also, though the persistence of their trend is so pre- 
dominant, there occur instances where the general direction undergoes great change. 
Some of the most remarkable cases of this kind have been mapped by Mr B. N. Pracu 
and Mr R. L. Jack, in the course of the Geological Survey of Perthshire. Several 
important dykes strike across the Old Red Sandstone plain for many miles in a direction 
slightly south of west. But when they approach the rocks of the Highland border in 
Glen Artney, they bend round to south-west, and continue their course along that new line. 

In my early paper on the “ Chronology of the Trap-Rocks of Scotland,” * I called 
attention to the dominant trend of the dykes from N.W. to S.E. Subsequent 
research has shown this to be on the whole the prevalent direction throughout the 
whole region of dykes. But the detailed mapping, carried on by my colleagues and 
myself in the Geological Survey, has brought to light some curious and interesting 
variations from the normal trend. In the districts where dykes of the gregarious type 
abound there is sometimes no one prevalent direction, but the dykes strike to almost 
all points of the compass. Of the Arran dykes, so carefully catalogued by NEcKER, only 
about a third have a general north-westerly course. But in Eastern Argyleshire the 
abundant dykes mapped by Mr Ciovau trend almost without exception towards N.N.W. 
In the north of Ireland Bercrr found the direction of thirty-one dykes to vary from 
17° to 71° W. of N., giving a mean of N. 36° W.t In Islay, Jura, Eigg, Mull, and Skye 
the mean of several hundred observations has given me similar results. 

It appears therefore that though there is sometimes extraordinary local diversity in 
the direction of the dykes in those districts where they present the gregarious type, the 
general north-westerly trend can usually still be recognised. But when we turn to the long 
massive solitary dykes, we soon perceive a remarkable change in their direction as we 
follow them northward into Scotland. In the paper just referred to, I pointed out how 
the general north-westerly trend becomes east and west in the Lothians, with a tendency 
to veer a little to the south of west and north of east. This departure from the normal 
direction is now seen to be part of a remarkable radial arrangement of the dykes. 

* Trans. Roy. Soc. Fdin., xx. p. 650. — + Trans. Geol. Soc., iii. p. 225. 
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Beginning at the southern margin of the dyke-region, we have the notable example of 
the Cleveland dyke, which in its course from Cleveland to Carlisle runs nearly W. 15° N. 
The Eskdale dyke has an average trend of W. 32° N., and the same general direction is 
maintained by the group of dykes which run from the Southern Uplands across the south- 
west of Lanarkshire and north-east of Ayrshire. But as we proceed northwards we 
observe the trend to turn gradually round towards the west. ‘The dyke that runs from 
near the mouth of the Coquet across the Cheviot Hills to beyond Hawick has a general 
course of W. 8° N. In the great central coal-field of Scotland the average direction may 
be taken to be nearly E. and W., the same dyke running sometimes to the north, and 
sometimes to the south of that line. But immediately to the north a decided tendency 
to veer round southwards makes its appearance. Thus the long dyke which runs from the 
Carse of Stirling through the Campsie Fells to the Clyde west of Leven, has a mean direction 
of W. 5° 8. This continues to be the prevalent trend of the remarkable series of 
dykes which crosses the Old Red Sandstone plains, though some of these revert in whole 
or in part to the more usual direction by keeping a little to the north of west. Even as 
far as Loch Tay and the head of Strathardle, the course of the dykes continues to be to 
the south of west. Tracing these lines upon a map of the country we perceive that they 


radiate from an area lying along the eastern part of Argyleshire and the head of the 
Firth of Clyde (see Plate L.). 


§ 10. Termination Upwarps. 


It was pointed out many years ago by Wincu that some of the dykes which traverse 
the Northumberland coal-field do not cut the overlying Magnesian Limestone. The 
Hett dyke, south of Durham, which no doubt belongs to the ancient series of igneous 
protrusions already referred to, is said to end off abruptly against the floor of the 
limestone.* Here and there, among the precipices of the Inner Hebrides, a dyke may 
be seen to die out before it reaches the top of the cliff. But in the vast majority of 


- — 


Fic. 6.—Section along the line of the Cleveland Dyke at Cliff Ridge, Guisbrough (G. Barrow), scale, 12 inches to 1 mile. 
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cases, no evidence remains as to how the dykes terminated upwards. I have referred to 
the occasional interruptions of the continuity of a dyke, where, though the rock does not 
reach the surface, it must be present in the fissure underneath. Such interruptions 
show that, in some places at least, there was no rise of the rock even up to the level of 
what is now the surface of the ground, and that the upward limit of the dykes must 
have been exceedingly irregular. 

* This is expressed in the Geological Survey map, Sheet 93, N.E. 
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Excellent illustrations of this feature are supplied by sections on the line of the 


Cleveland dyke. Towards its south-eastern extremity this 
t band of igneous rock ascends from the low Triassic 
plain of the Tees into the high uplands of Cleveland. Its 
course across the ridges and valleys there has been carefully 
traced for the Geological Survey by Mr G. Barrow, who has 
shown that over certain parts of its course it does not reach 
the surface, but remains concealed under the Jurassic rocks, 
which it never succeeded in penetrating. But that in places 
it comes within a few feet of the soil is shown by the baked 
shale at the surface, for the alteration which it has induced 
on the surrounding rocks only extends a few feet from its 
margin. ‘These interruptions of continuity show how uneven 
is the upper limit of the dyke. The characteristic porphyritic 
rock may be observed running up one side of a hill to the 
crest, but never reaching the surface on the other side. At 
Cliff Ridge, for example, about three miles south-west of 
Guisbrough, Mr Barrow has followed it up to the summit 
on the west side; but has found that on the east side it does 
‘ not pierce the shales, which there form the declivity. This 
structure is represented in fig. 6. The vertical distance 
between the summit to the left, where the dyke (b) disappears, 
and the point to the right, where the Lias shale (a) of the 
hill-side is concealed by drift (c), amounts to 250 feet, the 
horizontal distance being a little more than 900 feet. But 
as the shale when last seen at the foot of the slope is quite 
unaltered, the dyke must there be still some little distance 
beneath the surface, so that the vertical extension of this 
upward tongue of the dyke must be more than 250 feet. Mr 
Barrow, to whom I am indebted for these particulars, has 
also drawn the accompanying section (fig. 7) along the course 
of the dyke for a distance of nearly 11 miles eastward from 
the locality represented in fig. 6. From this section, it will 
be observed that in that space there are at least three tongues 
or upward projections of the upper limit of the dyke. Several 
additional examples of the same structure are to be seen 
further east towards the last visible outcrop of the dyke. 
Another feature connected with the upward termination 
of the dyke is well seen in some parts of the ground through 
which the two foregoing sections are taken. Mr Barrow 
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the Geol. Survey, Geology of Cleveland, p. 61). a. Liassic shales, sandstones, and ironstones ; 6, The Dyke. 
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Fic. 7. —Section along the course of the Cleveland Dyke, at the head of Lonsdale, Yorkshire (G. Barrow, in Memoirs of 
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operations, at a height of 400 feet above sea-level, and the dyke has there been ascer- 
tained to be 80 feet broad. Higher on the hill, close to the 750 feet contour-line, its 
breadth is only 20 feet, so that it narrows upward as much as 60 feet in a vertical height 
of 350 feet. Its contraction in width during the last twenty feet is still more rapid, and 
in the last few yards it diminishes to two or three feet, and has a rounded top over which 
the strata are bent upward. The accompanying section (fig. 8) across the upper part of 
the dyke will make these features clearer. : 

Further to the west an exposure of the upper limit of the dyke has been described 
and figured by Mr Teatt. In 1882, at one of the Cockfield quarries (fig. 9), the dyke 


wre 
Fic. 8.—Section across the extreme upper limit of the Cleveland Fic. 9.—Upper limit of the Cleveland Dyke in 
Dyke, Ayton, on the scale of 20 feet to one inch (G. Barrow). quarry near Cockfield (after J. J. H. Teall). 
a, Jurassic shales, &c. ; 6, Dyke. a, a, Carboniferous shales ; 6, Dyke. 


was “seen to terminate upwards very abruptly in the form of a low and somewhat 
irregular dome, over which the Coal Measure shales passed without any fracture, and only 
with a slight upward arching.” * 

Near the other or north-western termination of this great dyke, similar evidence is 
found of an uneven upper limit. After an interrupted course through the Alston moors, 
the dyke reaches the ground that slopes eastward from the edge of the Cross Fell 
escarpment. Its highest visible outcrop is at a height of 1700 feet. But westwards from 
that point the dyke disappears under the Carboniferous rocks, and does not emerge along 
the front of the great escarpment that descends upon the valley of the Eden, where among 
the naked scarps of rock it would unquestionably be visible if it reached the surface. 
Its upper edge must rapidly descénd somewhere behind the face of the escarpment, 
for the igneous rock crops out a little to the west of the foot of the cliff, at a height of 
about 1000 feet below the point where it is last seen on the hills above. Here the top 
of the dyke has a vertical drop of not less than 1000 feet, in a horizontal distance of 
five miles, as shown in fig. 10, which has been drawn for me by Mr J. G. Goopcuip. 

* Quart. Jour. Geol. Soc., xl. p. 210. 
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It will be observed that in these sections (figs. 7 and 10) there is 
a curiously approximate coincidence between the inequalities in the 
upper surface of the dyke and those in the form of the overlying 
ground. ‘The coincidence is too marked and too often repeated to be 
merely accidental. Whether the ancient topographical features had 
any influence in determining, by cooling or otherwise, the limit of the 
upward rise of the lava, or whether the dyke, even though concealed, 
has affected the progress of the denudation of the ground overlying 
it, is a question worthy of fuller investigation. 


§ 11. Known Vertical Extension. 


Closely connected with the determination of the upper limit reached 
by the dykes, is the total vertical depth to which they can be traced. 
Of course, the depth of the original reservoir of molten rock which 
supplied them remains unknown, and probably undiscoverable. But 
it is possible in many cases to determine at least the inferior limit of 
the thickness of rock through which the molten material of the dykes 
has ascended. In the dark gabbro hills of Skye, numerous dykes may 
be seen climbing from the glens right up the steep rugged acclivities 
and over the crests. In these and similar cases, we can actually trace 
the dykes through a vertical thickness of more than 3000 feet of 
rock, The dykes which cross Loch Lomond and ascend the hills on 
either side of that deep depression must rise through at least as great 
a thickness. But where a knowledge of the geological structure of the 
ground enables us to estimate the bulk of the successive rock-formations 
which underlie the surface, it can be shown that the lava ascended 
through a much greater depth of rock. Measurements of this kind 
can best be made towards the eastern end of the Cleveland dyke, where 
the different sedimentary groups have not been seriously disturbed, and 
where from natural sections and artificial borings their thicknesses are 
capable of satisfactory computation. The highest bed of the Jurassic 
series anywhere touched by the dyke is the Cornbrash. It is certain, 
therefore, that the igneous rock rises through all the subjacent members 
of the Jurassic series up to that horizon. There can be no doubt also 
that the Trias and Magnesian Limestone continue in their normal 
thickness underneath the Jurassic strata. ‘I'o what extent the Coal- 
Measures exist under Cleveland has not been ascertained ; possibly 
they have been entirely denuded from that area, as from the ground 
to the west. But the Millstone Grit and Carboniferous Limestone pro- 
bably extend over the district in full development; and below them 
there must lie a vast depth of Upper and Lower Silurian strata, 
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_ Fie. 10.—Section along the course of the Cleveland Dyke across the Cross Fell escarpment (J. G. Goodchild). The shaded part shows the position of the dyke, 


the unshaded part overlying it marks where the dyke does not reach the surface (scale of 1 inch to 1 mile). 
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probably. also of still older Paleeoroic shin and beneath all the thick Archean platform. 


_Tabukiting* these successive -geological formations, and taking only the ascertained 
‘thicRness of each in the Usirict, we find that they give the results shown in the 


aes Strata Cut by the Cleveland Dyke. ; 
Feet. 
» "Léwer Oolite and Upper Lias, as proved by bore-hole on Gerrick Moor, : 950 
” Middle and Lower Lias, ascertained from measurement of cliff-sections and froin —— 
_ operations to be more than , . . 850 
New Red Sandstone and Marl, found by boring ie to the Tees to al . , . 1,600 
Millstone Grit, not less than ‘ . 500 
Silurian rocks, probably not less than 10,000 
17,400 


There is thus evidence that this dyke has risen through probably more than three 
miles of stratified rocks. How much deeper still lay the original reservoir of molten 
material that supplied the dyke we have at present no means of computing. 


§ 12. BrancHEs AND VEINS. 


It might have been anticipated that the uprise of such abundant masses of 
molten rock in so many long and wide fissures would generally be attended with 
the intrusion of the same material into lateral rents and irregular openings, so that 
each dyke would have a kind of fringe of offshoots or processes striking from it 
into the surrounding ground. It might have been expected also that dykes would often 
branch, and that the arms would come together again and enclose portions of the rocks 
through which they rise. But in reality such excrescences and bifurcations are of 
comparatively rare occurrence. As a rule, each dyke is a mere wall of igneous rock, with 
little more projection or ramification than may be seen in a stone field-fence. Among 
the short, narrow, and irregular dykes of the gregarious type branchings are occasionally 
seen, and in some districts are extraordinarily abundant. But among the great single 
dykes such irregularities are far less common than might have been looked for. A 
few characteristic examples from each type of dyke may here be given. 

The Cleveland dyke, which in many respects is typical of the great solitary dykes of 
the country, has been traced for many miles without the appearance of a single offshoot 
of any kind. Yet here and there along its course it departs from its usual regularity. 
As it crosses the Carboniferous tracts of Durham and Cumberland, there appear near its 
course lateral masses of eruptive rock, most of which doubtless belong to the much older 
“Whin Sill.” But there is at least one locality, at Bolam near Cockfield, in the county 

* Drawn up for me by Mr Barrow. 


| 
. 


DURING THE TERTIARY PERIOD THE 8RITISH ISLES. - 57 


of Durham, where the dyke, crossing the Millstone Grit, buddenly expands gato a bom, and 


immediately contracts to its usual dimensions. Around this ‘knot several short. dykes : 


or veins seem to radiate from it. The dyke has been -quarrietl_htre, and its relations to 


on.* 


Among the great persistent dykes of Scotland the absence of bifurcatitn aad lateral 


offshoots offers a striking contrast to the behaviour of the dykes in those districts where 
they are small in size and many in number. But exceptions to the general rule’ may be . 
gathered. Thus the Eskdale dyke is flanked at West Carrick with a large lateral vein, | 
which is almost certainly connected with the main fissure. The Hawick and Cheviot 
dyke splits up on the hill immediately to the east of the town of Hawick, sends off some’ 3 
branches, and then resumes its normal course (fig. 11). Again, one of the two nearly. 


parallel dykes which run from Loch Goil Head across Ben Ledi into Glen Artney 
bifurcates at the foot of that valley, its northern limb (about two miles long) speedily 


Fic. 11.—Branching portion of the great Dyke near Fie. 12.—Branching Dyke at foot of Glen Artney (length 
Hawick (length about 1 mile). about 4 miles). 


dying out, and its southern branch throwing off another lateral vein, and then continuing 
eastward as the main dyke (fig. 12). 

In the districts of gregarious dykes, however, abundant instances may be found of 
dykes that branch, and of others that lose the parallelism of their walls, become irregular 
in breadth, direction, and inclination, so as to pass into those intrusive forms that are 
more properly classed as veins. Excellent illustrations of bifurcating dykes may be 
observed along the shores of the Firth of Clyde, particularly on the eastern coast line of 
the isle of Arran. The venous character has been familiar to geologists from the sketches 
given by Maccu.tocu from the lower parts of the cliffs of Trotternish in Skye.t But 
still more striking examples are to be seen in the breaker-beaten cliffs of Ardnamurchan. 
The pale Secondary limestones and calcareous sandstones of that locality are traversed by 
a series of dark basic veins, and the contrast of tint between the two kinds of rock is 
so marked as even to catch the eye of casual tourists in the passing steamboats. The 

* This locality was well described by SED@wWICcK, in his early paper on Trap-Dykes in Yorkshire and Durham, Trans. 


Cambridge Phil. Soc., ii. p. 27. 
+ Western Islands, plate xvii. 


the surrounding strata have been laid bare, as will be agairi referréd to a little further - 
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veins vary in width from less than an inch to several feet or yards. They run in all 
directions and intersect each other, forming such a confused medley as requires some 
patience on the part of the geologist who would follow out each independent ribbon of 
injected material in its course up the cliffs, or still more, would sketch their ramifications 
in his note-book. A good, though perhaps somewhat exaggerated, illustration of their 
general character was given by Maccu.tocn.* The accompanying figure (fig. 13) is less 
sensational, but represents with as much accuracy as I could reach, the network of veins 
near the foot of the cliffs. One conspicuous group of veins, which seen from a distance 
looks like a rude sketch of a lug-sail traced in black outline upon a pale ground, is known 
to the boatmen as “‘ M‘Niven’s Sail.” 

As a general rule, the narrower the vein the finer in grain is the rock of which it 
consists. This compact dark homogeneous material has commonly passed by the name 
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Fre. 13.—Basic Veins traversing Secondary Limestone and Sandstone on the coast cliffs, Ardnamurchan. 


of “basalt,” but its minuteness of texture probably in most cases arises from local 
rapidity of cooling, and it may be the same substance which, where in larger mass in the 
immediate neighbourhood, has solidified as one of the other pyroxene-plagioclase- 
magnetite rocks. 

With regard to the places where such abundant tortuous veins are more especially 
developed, I may remark that they are particularly prominent under a thick overlying mass 
of erupted rock, such as a great intrusive sheet, or the bedded basalts of the plateaux, or 
where there is good reason to believe that such a deep cover, though now removed by 
denudation, once overspread the area in which they appear. It will be shown in the 
sequel that such horizons have been peculiarly liable to intrusions of igneous material of 
various kinds, and at many different intervals, during the volcanic period. A thick cake 

: Op. cit., plate xxxiii. fig. 1. 
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of crystalline rock seems to have offered such resistance to the uprise of molten material 
through it, that when the subterranean energy was not sufficient to rend it open by great 
fissures, and thus give rise to dykes, the lavas were forced into such irregular cracks as 
were made partly in the softer rocks underneath and partly in the cake itself, or found 
escape along pre-existing divisional planes. In Ardnamurchan, round the Cuillin Hills of 
Skye, and in Rum, the overlying resisting cover now consists mainly of gabbro sheets. In 
the east of Skye, in Eigg, and in Antrim, it is made up of the thick mass of the plateau- 
basalts. 


§ 13. Connection or Dykes with INTRUSIVE SHEETS. 


Every field-geologist is aware how seldom he can actually find the vent or pipe up 
which rose the igneous rock that now forms those massive beds which he denominates 
intrusive sheets. He might well be pardoned were he to anticipate that, in a 
district much traversed by dykes, there should be many examples of intrusive sheets 
and frequent opportunities of tracing their connection with the fissures from which 
their material might be supposed to have been supplied. But such an expectation 
is singularly disappointed by an actual examination of the Tertiary volcanic region 
of Britain. That there are many intrusive sheets belonging to the great volcanic 
period with which I am now dealing, I shall endeavour to show in the sequel. But 
it is quite certain that though these sheets have of course each had its subterannean 
pipe or fissure of supply, they can only in very rare instances be directly traced to 
the system of dykes. On the other hand, the districts where great single dykes are 
most conspicuous, are for the most part free from intrusive sheets, except those of 
much older date, like the Carboniferous Whin Sill of Durham and the diabases of 
Linlithgowshire. 

Yet a few interesting examples of the relation of dykes to sheets have been noticed. 
The earliest observed instances were those figured and described by MaccuLtocu in his 


Western Islands of Scotland. Among them one has been familiar to geologists from — 


having done duty in text-books of the science for more than half a century. I allude to 
_ the diagram of ‘‘ Trap and Sandstone near Suishnish.”* In that drawing seven dykes are 
shown as rising vertically through the horizontal sandstone, and merging into a thick 
overlying mass of “trap.” The author in his explanation leaves it an open question 
‘“‘ whether the intruding material has ascended from below and overflowed the strata, or 
has descended from the mass,” though from the language he uses in his text we may 
infer that he was inclined to regard the overlying body as the source of the veins below 
it.t 

The section given by Maccutocn, however, does not quite accurately represent the 
facts. The narrow dykes there drawn have no connection with the overlying sheet, but 
are part of the abundant series of basaltic dykes found all over Skye. The feeder of the 
sheet was undoubtedly the thick dyke which descends the steep bank immediately on the 

* Op. cit., pl. xiv. fig. 4. t Vol. i. pp. 384, 385. 
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southern front of Carn Dearg (636 feet high). The accompanying figure (fig. 14) shows 
what I believe to be the true geological structure of the locality, but the actual junction 
of the dyke and sheet is concealed under the talus of the slope. I shall have occasion in 
a later part of this paper to refer again to this section in connection with the history 
of intrusive sheets. 

SEDGWICK, in the paper already quoted, gave an account and figure of the expansion 
of the Cleveland dyke at Bolam, to which allusion has already been made. He showed 
that from a part of the dyke which is unusually contracted a great lateral extension of 
the igneous rock takes place on either side over beds of shale and coal. While in the 
dyke the prisms are as usual directed horizontally inward from the two walls, those in | 
the connected sheet are vertical, and descend upon the surface of highly indurated 
strata on which the sheet rests. 

But by far the most important examples known to me are those which occur in the 
coal-field of Stirlingshire. In that part of the country, the remarkable group of dykes 
already referred to, lying nearly parallel to each other and from half a mile to about 


—_ 


Fic. 14,—Section showing the connection of a Dyke with an Intrusive Sheet, Point of Suisnish, Skye. g, Granophyre of 
Carn Dearg; f, similar rock, which appears eastward under the ‘‘sill” (d); ¢, intrusive sheet of fine-grained ‘‘ basalt” ; 
d, intrusive sheet or ‘‘sill ” of coarse dolerite, 200 feet thick at its maximum, and rapidly thinning out ; c, dyke or pipe of 
finer grain than d; }, yellowish-brown shaly sandstones, and a, dark sandy shales (Lias). 


three miles apart, runs in a general east and west direction. From one of these dykes no 
fewer than four sheets or “sills” strike off into the surrounding Coal-Measures. The 
largest of them stretches southwards for three miles, but the same rock is probably con- 
tinued in a succession of detached areas which spread westwards through the coal-field 
and circle round to near the two western sheets that proceed from the same dyke. 
Another thick mass of similar rock extends on the north side of the dyke for two and a 
half miles down the valley of the river Avon. These various processes, attached to or 
diverging from the dyke, are unquestionably intrusive sheets, which occupy different 
horizons in the Carboniferous series. The one on the north side has inserted itself a little 
above the top of the Carboniferous Limestone series. Those on the south side lie on 
different levels in the Coal-Measures, or rather they pass transgressively from one 
platform to another in that group of strata. 

No essential difference can be detected by the naked eye between the material of the 
dyke and that of the sheets. If a series of specimens from the different exposures were 
mixed up it would be impossible to separate those of the dyke from those of the sheets. 
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A microscopical examination of the specimens likewise shows that they are perfectly 
identical in composition and structure, chiefly referable to rocks of the dolerite type, but 
partly to the tholeiite type. I have therefore no doubt that these remarkable 
appendages to this dyke are truly offshoots from it, and are not to be classed with the 
general mass of the diabases of central Scotland, which are Lower Carboniferous. The 
accompanying diagrammatic section (fig. 15) explains what appears to me to be the 
structure of the ground. 

An interesting and important fact remains to be stated in connection with these 
sheets. They are traversed by some of the other east and west dykes. This is particu- 
larly observable in the case of the sheet which extends northwards from the dyke through 


Fic. 15.—Section to show the connection of a Dyke with an Intrusive Sheet, Stirlingshire Coal-field. a, Dyke in line of fault ; 
b, intrusive sheet traversing and altering the coals ; i, Slaty-band Ironstone. 


the parish of Torphichen. Two well-marked dykes can be seen running westwards 
among the ridges of the sheet. It is obvious, therefore, that these particular dykes are 
younger than the sheet. But, as will be shown in the sequel, there is abundant evidence 
that all the dykes of a district are not of one eruption. The intersection of one eruptive 
mass by another does not necessarily imply any long interval of time between them. 
They mark successive, but it may be rapidly successive, manifestations of volcanic action. 
Hence the cutting of the sheets by other dykes does not seem to me to invalidate the 
identification of these sheets as extravasations from the great dyke by which they are 
bounded. 


§ 14. Inrersections or Dykes—ReEPEATED DyKEs IN THE SAME LINE OF Fissure, 


Innumerable instances may becited, where one dyke or one set of dykes cuts across 
another. To some of these I shall refer in discussing the data for estimating the relative 
age of dykes. In considering the intersection from the point of view of geological 
structure, we are struck with the clean sharp way in which it so generally takes place. 
The rents into which the younger dykes have been injected seem, as a rule, not to have 
been sensibly influenced in width or direction by the older dykes, but go right across 
them. Hence the younger dykes retain their usual breadth and trend (fig. 16). The 
most interesting examples are those in which one ‘dyke runs along another, as may 
occasionally be observed in the west of Scotland.* In these cases, which are to be 
distinguished from those where the whole may be really a portion of one original slowly 
cooling mass, the central dyke differs sufficiently in texture and structure to be discrimin- 


* MaccuLLocn figured an example from Strathaird, Western Islands, pl. xviii. fig. 1. Mr CLoven has found some 
good instances in south-eastern Argyleshire. 
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ated from that which it has invaded. Its rock is generally rather fine-grained, some- 
times decidedly porphyritic, and in many cases is a true basalt. Where it is broad 

> enough to show the difference between margin and 
centre, its outer edges present the usual finer grain. 
There can be no doubt that the older dyke has been 
actually split open, and fresh eruptive material tas 
risen along the fissure. 

If the subterranean movements were energetic 
enough to split up an already consolidated dyke, so as 
to allow of the renewed uprise of molten material between 
the separated portions, we may believe that much more 
frequently the opening would be effected not along the 
middle of the dyke, but between the dyke and one of its 
fissure walls. I have observed examples of this structure 
in the Western Islands, and Mr CiovueH has recently 
found a number in Argyleshire. If the section is limited 

extent, we may be unable to determine which is the 

"den 4 bedded older of the two parallel bands of igneous rock, though 

the fact that they present to each other the usual fine- 

grained edge due to more rapid cooling, shows that they are not one but two dykes 

belonging to distinct eruptions. So far as I have noticed, where one of the dykes can 

be continuously traced for a considerable distance, the other is short, and cannot be 

recognised at other exposures of the more continuous one. I infer that the shorter 
one is the younger of the two. 


j 


§ 15. ContacT-METAMORPHISM OF THE 


Another anticipation which a geologist might naturally entertain is, that these 
abundant intrusions of igneous rock should be accompanied with plentiful evidence 
of contact-metamorphism along their flanks. But in actual fact, evidence of any serious 
amount of alteration is singularly scarce. A slight induration of the rocks on either side 
of a dyke is generally all the change that can be detected. | 

Some of the larger dykes, however, show more marked metamorphism, the nature of 
which is chiefly determined by the chemical composition of the rock affected. The most 
pronounced alteration is that which has been superinduced on carbonaceous strata, and 
particularly on seams of coal. In the Ayrshire coal-field the alteration of the coal extends 
sometimes 150 feet from the dyke, the extent of the change depending not merely on 
the mass of the igneous rock, but on the nature of the coal, and possibly on other causes. 
Close to a dyke, coal passes into a kind of soot or cinder, but sometimes assumes the 
form of a finely columnar coke.* Shales are converted into a hard flinty substance that 
breaks with a conchoidal fracture and rings under the hammer. Fire-clay is baked into a 

* Explanation of Sheet 22, Geol. Survey Scotland, p. 26. 
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porcelain-like material. Limestone is changed for a few inches into marble. Sandstones 
are indurated into a kind of quartzite, sometimes assume a columnar structure (the 
columns being directed away from the dyke-walls), and for several feet or yards have their 
yellow or red colours bleached out of them. The granite of Ben Cruachan where quarried 
on Loch Awe, as I am informed by Mr J. 8. Grant Witson of the Geological Survey, is 
traversed by a basic dyke, and for a distance of about 20 feet is rendered darker in 
colour, becomes granular, and cannot be polished and made saleable. 

These, however, are the extremes of contact-metamorphism by the Tertiary basic dykes. 
Let any geologist visit the Lias district of Skye, and he will not fail to be surprised at the 
almost entire absence of alteration in circumstances where he would have expected to find 
it. The dark shales, though ribbed across with hundreds of dykes, are sometimes hardly 
even hardened, and the limestones are not rendered in any appreciable degree more crystal- 
line even up to the very margin of the intrusive rock. Where the igneous material has 
been thrust between the strata in sheets, it has produced far more general and serious 
metamorphism than when it occurs in the form of dykes. The famous rock of Portrush, 
which was once gravely cited as an example of fossiliferous basalt, is a good illustration 
of the way in which Lias shale is porcellanised when the intruded igneous material has 
been thrust between its planes of bedding. 

In connection with the metamorphism superinduced by dykes, reference may be made 
to the curious alteration which they themselves have sometimes undergone where they 
have invaded a carbonaceous shale or coal. The igneous rock loses its dark colour and 
obviously crystalline structure, and becomes the pale-yellow or white, dull, earthy substance 
known to geologists as ‘‘ white trap.” The chemical changes involved in this alteration 
have been described by Sir I. Lowrntan Beti.* Dr Srecuer has also discussed the 
the alterations traceable by the aid of the microscope.t 


§ 16. Retation or Dykes To THE GeoLocicaL SrructuRE oF THE DisTRICTS 
WHICH THEY TRAVERSE. 


_ In no respect do the Tertiary basic dykes stand more distinguished from all the other 
rocks of this country than in their extraordinary independence of geological structure. 
The successive groups of Palseozoic and Mesozoic strata follow each other in approximately 
parallel bands, which run obliquely across the island from south-west to north-east. The 
most important lines of fault take the same general line. The contemporaneously included 
igneous rocks follow, of course, the trend of the stratified deposits amdéhg which they lie, 
and even the intrusive eruptive rocks tend to group themselves alongs Yip general strike 
of the whole country. But the Tertiary dykes have their own indepefident direction, to 
which they adhere amid the extremest diversities of geological arrangement. 

* Proc, Roy. Soc., xxiii. (1875)’p. 543. | 
: Tschermak’s Mineralogische Mittheilungen, ix. (1887) p. 145; Proc. Roy. Soc. Edin., 1888. Dr STEcHER’s 
investigation is based upon a series of specimens from the intrusive (Carboniferous) rocks of the basin of the Firth of 


Forth, and has reference both to the phenomena of contact-metamorphism and the alteration of the eruptive rock ; 
but these changes belong to the Carboniferous period. 
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In the first place, the dykes intersect nearly the whole range of the geological 
formations of the British Islands. In the Outer Hebrides and north-west Highlands, 
they rise through the most ancient Archzan gneisses, and through the red (Torridon) 
sandstones, which may be older than any of the Cambrian rocks of Wales. In the south 
of Scotland and north of England, they traverse the various subdivisions of the Lower 
and Upper Silurian system. In the southern Highlands, they pursue their course across 
the gnarled and twisted schists of the younger crystalline series. In the basins of the 
Tay, Forth, and Clyde they cross the plains and ridges of the Old Red Sandstone, with 
its deep pile of intercalated volcanic rocks. In central Scotland, and the northern 
English counties, they occur abundantly in the Carboniferous system, and have destroyed 
the seams of coal. In Cumberland and Durham, they traverse the Permian and Trias 
groups. In Yorkshire, and along the west of Scotland, they are found running 
through Jurassic strata. In Antrim, they intersect the Chalk. Both in the north of 
Ireland, and all through the chain of the Inner Hebrides, they abound in the great 
sheets and bosses of Tertiary volcanic rocks. These are the youngest formations 
through which they rise. But it is deserving of note, that they intersect every great 
group of these Tertiary volcanic products, so that they include in their number some 
of the latest known manifestations of eruptive action in the geological history of 
Britain. | 

In the second place, in ranging across groups of rock belonging to such widely 
diverse periods, the dykes must necessarily often pass abruptly from one kind of material 
and geological structure to another. But, as a rule, they do so without any sensible 
deviation from their usual trend, or any alteration of their average width. Here and 
there, indeed, we may observe a dyke to follow a more wavy or more rapidly sinuous or 
zig-zag course in one group of rocks than in another. Yet, so far as I have myself 
been able to observe, such sinuosities may occur in almost any kind of material, 
and are not satisfactorily explicable by any difference of texture or arrangement 
in the rocks at the surface. No dyke traverses a greater variety of sedimentary forma- 
tions than that of Cleveland. In the eastern part of its course, it rises through all the 
Mesozoic beds up to the Cornbrash. Further west it cuts across each of the different 
subdivisions of the Carboniferous system ; and, of course, it must traverse all the older 
formations which underlie these. But the occasional rapid changes noticeable in its 
width and direction cannot be referred to any corresponding structure in the surrounding 
rocks. The Cheviot dyke crosses from the Carboniferous area of Northumberland into 
the Upper Silurian rocks and Lower Old Red Sandstone volcanic tract of the Cheviot Hills. 
It then strikes across the Upper Old Red Sandstone of Roxburghshire, and still maintain- 
ing the same persistent trend, sweeps westward into the Lower Silurian rocks of the 
Southern Uplands. Though liable to occasional deviations, these do not seem to have 
reference to any visible change of structure in the adjacent formations. Again, some of 
the great dykes at the head of Clydesdale furnish striking illustrations of ‘entire 
indifference to the nature of, the rock through which they run. Quitting the Lower 
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Silurian uplands, they keep their line across Upper Silurian, Old Red Sandstone and 
Carboniferous rocks, and through large masses of eruptive material. ; 

In the third place, not only are the dykes not deflected by great diversities in the 
lithological character of the rocks which they traverse, they even cross without deviation 
some of the most important geological features in the general framework of the country. 
Some of the Scottish examples are singularly impressive in this respect. Those which 
strike north-westward from the uplands of Clydesdale cross without deflection the great 
boundary-fault which, by a throw of several thousand feet, brings the Lower Old Red Sand- 
stone against the Lower Silurian rocks. They traverse some large faults in the valley of the 
Douglas coal-field, pass completely across the axis of the Haughshaw Hills, where the 
Upper Silurian rocks are once more brought up to the surface, and also the long felsite 
ridge of Priesthill. The dykes in the centre of the kingdom maintain their line across 
some of the large masses of igneous rock that protrude through the Carboniferous system. 


Further north, the dykes of Perthshire cut across the great sheets of volcanic material . 


that form the Ochil Hills, as well as through the piles of sandstone and conglomerate of 
the Lower Old Red Sandstone, and then go right across the boundary-fault of the 
Highlands, to pursue their way in the same independent manner through grit, quartzite, 
or mica-schist, and across glen and lake, moor and mountain. 

No one can contemplate these repeated examples of an entire want of connection 
between the dykes and the nature and arrangement of the rocks which they traverse 
without being convinced that the lines of vent up which the material of the dykes rose were 
not, as a rule, old fractures in the earth’s crust, but were fresh fissures, opened across the 
course of the older dislocations and strike of the country by the same series of subterranean 
operations to which the uprise of the molten material of the dykes was also due. 

In the fourth place, the dykes for the most part are not coincident with lines of fault. 
After the examination of hundreds of dykes in all parts of the country, and with all the 
help which bare hill-sides and well-exposed coast sections can afford, I can almost reckon 
on my fingers the number of instances where dykes have availed themselves of lines of 
fault. Some of these will be immediately cited. To whatever cause we may ascribe the 
rupture of the solid crust of the earth, which allowed of the rise of molten rock to form the 
dykes, there can be no doubt that it was not generally attended with that displacement of 
level on one or both sides of the dislocation, which we associate with the idea of a fault. 
Nowhere can this important part of dyke-structure be more clearly illustrated than along 
the Cleveland dyke, where the igneous rock rises through almost horizontal Jurassic strata 
and gently inclined Coal Measures (figs. 7 and 8). Besides the localities already cited, 
mining operations both for coal and for the Liassic ironstone have proved over a wide 
area that the dyke has not risen along a line of fault. Again, in Skye, Raasay, Eigg, and 
other parts of the west coast, where Jurassic strata and the horizontal basalts of the 
plateaux are plentifully cut through by dykes, the same beds may be seen on the same 
level on either side of them. 


In the fifth place, while complete indifference to geological structure is the general 
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rule among the dykes, instances do occur in which the molten material has found its way 
upward along old lines of rupture. Most of such instances are to be found in districts 
where previously existing faults happened to run in the same general direction as that 
followed by the dykes. These lines of fracture would naturally be reopened by any great 
earth-movements acting in their direction, and would afford ready channels for the ascent 
of the lava. Yet it is curious that, even when their trend would have suited the line of 
the dykes, they have not been more largely made use of for the purpose of relief. Some 
of the best examples of the coincidence of dykes with pre-existing faults in the same 
direction are to be found in the Stirlingshire coal-field. The dyke that runs from 
Torphichen for 23 miles to Cadder occupies a line of fault which at Slamannan has a 
down-throw of more than 70 fathoms. The next dyke further south has also risen along 
an E. and W. fault. 

But other examples may be observed where pre-existing fissures have served to 
deflect dykes from their usual line of trend. Thus the Cleveland dyke, after crossing 
several faults in the Coal-Measures, at last encounters one near Cockfield Fell, which 
lies obliquely across its path. Instead of crossing this fault it bends sharply round a few 
points south of west, and after keeping along the southern flank of the fault for about - 
a mile, sinks out of reach. Some of the Scottish examples are more remarkable. One of 
the best of them occurs in the Sanquhar coal-field, where a dyke runs for two miles and a 
half along the large fault that here brings down the Coal-Measures against the Lower 
Silurian rocks. At the north-western end of the basin, this fault makes an abrupt bend 
of 60° to W.S.W., and the dyke turns round with it, keeping this altered course for a mile 
and a half, when it strikes away from the fault, crosses a narrow belt of Lower Silurian 
rocks, and finds its way into the parallel boundary fault which defines the north-western 
margin of the Silurian rocks of the Southern Uplands. 

Some of the Perthshire dykes, where they reach the great boundary-fault of the 
Highlands, present specially interesting features. There can be no doubt that this 
dislocation is one of the most important in the general framework of the British Isles. 
We have not yet been able to ascertain definitely how much rock has been actually 
displaced by it. But the fact that in one place the beds of Old Red Sandstone are 
thrown on end for some two miles back from it, shows that it must be a very powerful 
fracture. Here, therefore, if anywhere, we might confidently anticipate either an entire 
cessation of the dykes, or at least a complete deflection of their course. It would require, 
we might suppose, a singularly potent dislocation to open a way for the ascent of the 
lava through such crushed and compressed rocks, and still more to prolong the general 
line of fracture on either side of the old fault. Two great dykes, about half a mile apart, 
run in a direction a little 8. of W. across the plain of Strathearn. Passing to the south 
of the village of Crieff, they hold on their way until they reach the highly-inclined beds 
of sandstone and conglomerate which here lean against the Highland fault in Glen Artney. 
They then turn round towards 8.W., and run up the glen along the strike of the beds, 
keeping approximately parallel to the fault for about three miles, when they both strike 
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across the fault, and pursue a W.S.W. line through the contorted crystalline rocks of the 
Highlands. About two miles south, another dyke continues its normal course across the 
belt of upturned Old Red Sandstone ; but when it reaches the fault it bends round and 
follows the line of dislocation, sometimes coinciding with, sometimes crossing or running 
parallel with that line at a short distance (see fig. 12). 

Mr Cioucu has supplied me with notes of some remarkable examples recently observed 
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Fic. 17.—Map of the chief Basic Dykes between Lochs Riddon and Striven (C. T. CLoven). The large E. and W. dyke 
is a continuation of that which reaches the shore of the Firth of Clyde at Dunoon. 


by him in eastern Argyleshire, where broad bands of basalt or other allied rock run in a 
N. and §. direction, and are formed by the confluence of N.W. and S8.E. or N.N.W. and 
S.S.E. dykes, where they are drawn into a line of fault. These broad bands, he says, are 
not usually traceable for more than a mile or so, for the dykes of which they are made up 
will not be diverted from their regular paths for more than a certain distance, so that 
one by one the dykes leave the compound band to pursue their normal course. He adds, 
that the occasional great thickness of those compound bands depends partly on the size 
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and partly on the number of separate dykes that are diverted into the line of transverse 
fissure ; for, where the fissure crosses an area with fewer N.W. dykes, the band becomes 
thinner or ceases altogether. 

In some rare cases, the dykes have been shifted by more recent faults. I shall have 
occasion to show that faults of several hundred feet have taken place since the Tertiary 
basalt-plateaux were formed. There is therefore no reason why here and there a fault 
with a low hade should not have shifted the outcrop of adyke. But the fact remains 
that, as a general rule, the dykes run independently of faults even where they approach 
closely to them. Mr Cioven has observed some interesting cases in south-eastern 
Argyleshire, where the apparent shifting of a dyke by faults proves to be deceptive, and 
where the dyke has for short distances merely availed itself of old lines of fracture. 
One of the most remarkable of these is presented by the large dyke which runs westward 
from Dunoon. No fewer than three times, in the course of four miles between Lochs 
Striven and Riddon, Mr CLovex has found this dyke to make sharp changes of trend 
nearly at right angles to its usual direction, where it encounters N. and 8. faults (fig. 
17). It would be natural to conclude that these changes are actual dislocations due to 
the faults. But this careful observer has been able to trace the dyke in a very attenuated 
and uncrushed form along some of these cross faults, and thus to prove that the faults 


are of older date, but that they have modified the line of the long E. and W. fissure up 
which the material of the dyke ascended. 


§ 17. Data ror EstTIMATING THE GEOLOGICAL AGE OF THE DyKEs. 


I have already assigned reasons for regarding the system of E. and W. or 8.E. and 
N.W. dykes as belonging to the Tertiary volcanic period in the geological history of the 
British Islands. But I have no evidence that they were restricted to any part of that 
period. On the contrary, there is every reason to consider the uprise of the earliest 
and latest dykes to have been separated by a protracted interval. That they do not 
all belong to one epoch [ shall now proceed to prove. 

The intersection of one dyke by another furnishes an obvious criterion of relative age. 
MACCULLOCH drew attention to this test, and stated that it had enabled him to make out 
two distinct sets of dykes in Skye and Rum. But he confessed that it failed to afford any 
information as to the length of the interval of time between them.* It is not always so 
easy as might be thought to make sure which of two intersecting dykes is the older. 
We have to look for the finer-grained marginal strip at the edge of a dyke, which, where 
traceable across another dyke, marks at once their relative age. The cross joints of the 
two dykes also run in different directions. It is obvious that in the case of two such 
dykes, no longer interval need have elapsed between their successive production than was 
needed for the solidification and assumption of a joint-structure by the older one before the 
younger broke through it. They may both belong to one brief period of volcanic activity. 
But when we pass to a series of dykes traversing a considerable district of country, and 

* Trans. Geol. Soc., iii. p. 75. | 
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find that those which run in one direction are invariably cut by those which run in 
another, the inference can hardly be resisted that they do not belong to the same eruption, 
but mark successive epochs of volcanic energy. An excellent example of this kind of 
evidence is furnished by Mr CLoveu from eastern Argyleshire. The east and west dykes in 
that district are undotibtedly older than those which run in a N.N.W. direction (fig. 17). 
The latter are by far the most abundant, and are on the whole much narrower, less per- 
sistent, and finer in grain. On the opposite coast of the Clyde, a similar double set of 
dykes may be traced through Renfrewshire, those in an east and west direction being com- 
paratively few, while the younger N.N.W. series is well developed. The great sheets or 
“sills” connected with one of the Stirlingshire dykes, already described, appear to me to 
furnish similar evidence in the younger dykes which run through them. And this 
evidence is peculiarly valuable, for it shows a succession even among adjacent dykes 
which all run in the same general direction. 

But in all these cases it is obvious that we have little indication of the length of time 
that intervened between the successive uprise of the dykes. In Skye, however, we meet | 
with more definite evidence that the interval must have been in some cases a protracted _ 
one. In a paper published as far back as the year 1857,* I showed that the basic dykes 
of Strath in Skye were of two ages ; that one set had been erupted before the appearance 
of the so-called “ syenite” of that district, and was cut off by the latter rock; and that 
the other had arisen after the “‘syenite” which it intersected. Recent re-examination 
has enabled me to confirm and extend this observation. The granitoid eruptions of the 
Inner Hebrides are marked by so varied a series of rocks, and so complex a geological 
structure, that they may, with some confidence, be regarded as having occupied a 
considerable interval of geological time. Yet we find that this episode in the volcanic 
history was both preceded and followed by the extravasation of basic dykes. I have been 
unable to make out any appreciable petrographical difference between the two sets of 
dykes. But for the evidence of the granophyre, they would unquestionably be all classed | 
together as one series. | 

Let me add one further piece of evidence to prove that some of the dykes go back to 
a remote part of the volcanic history of Tertiary time in Britain. The Scuir of Eigg, to 
which fuller reference will be made in a later part of this memoir, is formed of a mass 
of pitchstone, which has filled up an ancient valley eroded out of the terraced basalts of 
the plateaux. At both ends of the ridge, these basalts are seen to be traversed by dykes 
that are abruptly cut off by the shingle of the old river-bed which the pitchstone has 
occupied (fig. 63). It is thus evident that, though these dykes are younger than the © 
plateau-basalts, they are much older than the excavation of the valley out of these basalts, 
and still older than the eruption of pitchstone. The latter rock probably belongs to the 
close of the period of acid eruptions just referred to, and we have seen that abundant 
dykes were extruded after most of the acid rocks had appeared. 

It is certain, therefore, that the dykes which in Britain form part of the great Tertiary 


* Quart. Jour. Geol. Soc., xiv. p. 1. 
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voleanic series, were not all produced at one epoch, but belong to at least two (and 
possibly to many more) episodes in one long volcanic history. As they rise through 
every member of that series of rocks (save the pitchstones), some of them must be among 
the very latest records of the prolonged volcanic activity. But, on the other hand, 
some may go back to the beginning of the Tertiary volcanic period. 


§ 18. OriciIn History oF THE DyYKEs. 


Reference has already been made to the doubt expressed by MaccuLLocn whether 
the dykes of Skye had been filled in from above or from below. That the dykes of 
the country as a whole were supplied from above, was the view entertained and 
enforced by Bout. He introduces the subject with the following remarks :—‘“ Scot- - 
land is renowned for the number of its basaltic veins, which gave Hutton his ideas 2 
regarding the injection of lava from below; but, as the greatest genius is not 
infallible, and as volcanic countries present us with examples of such veins arising 
evidently from accidental fissures that were filled up by currents of lava which moved 
over them, and as the Scottish instances are of the same kind, we regard it as infinitely 
probable that all these veins have been formed in the same way, notwithstanding the 
enormous denudation which this supposition involves; and that only rarely do cases 
occur where they have been filled laterally or in some other irregular manner.” * I need 
not say that this view, which, except among Wernerians, had never many supporters, 
has long ago been abandoned and forgotten. There is no longer any question that the 
molten material came from below. 

1. In discussing the history of the dykes, we are first confronted with the problem of 
the formation of the fissures up which the molten material rose. From what has been 4 
said above regarding the usual want of relation between dykes and the nature and 3 
arrangement of the rocks which they traverse, it is, I think, manifest that the fissures 
could not have been catised by any superficial action, such as that which produces cracks 
of the ground during earthquake-shocks. The fact that they traverse rocks of the most 
extreme diversities of elasticity, structure, and resistance, and yet maintain the same 
persistent trend through them all, shows that they originated far below the limits to 
which the known rocks of the surface descend. We have seen that in the case of the 
Cleveland dyke, the fissure can be proved to be at least some three miles deep. But the 
seat of origin of the rents no doubt lay much deeper down within the earth’s crust. 

It is also evident that the cause which gave rise to these abundant fissures must have 
been quite distinct from the movements that produced the prevalent strike and the main 
faults of this country. From early geological time, as is well known, the movements of 
the earth’s crust, beneath the area of Britain, have been directed in such a manner as to 
give the different stratified formations a general north-east and south-west strike, and 
to dislocate them by great faults with the same average trend. But the fissures of the 
Tertiary dykes run obliquely and even at a right angle across this prevalent older series 

* Essar Geologique sur U Ecosse, p. 272. 
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of lines, and are distinct from any other architectonic feature in the geology of the 
country. They did not arise therefore by a mere renewal of some previous order of 
disturbances, but were brought about by a new set of movements to which it is 
difficult to find any parallel in the earlier records of the region.* 

We have further to remember that the fissures were not produced merely by one great 
disturbance. The evidence of the dykes proves beyond question that some of them are 
earlier than others, and hence that the cause to which the fissures owed their origin came 
into operation more than once during the protracted Tertiary ypleanic period. One of 
the most instructive lessons in this respect is furnished by the huge eruptive masses of 
gabbro and granitoid rocks in Skye. These materials have been erupted through the 
plateau-basalts. The granitoid bosses are the younger protrusions, for they send veins 
into the gabbros; but their appearance was later than that of some of the dykes and 
older than that of others. Nevertheless, the latest dykes maintain the usualnorth-westerly 
trend across the thickest masses both of the gabbro and the granophyre. Thus we learn 
that, even after the extrusion of thousands of feet of such solid crystalline igneous rocks, 
covering areas of many square miles, the fissuring of the ground was renewed, and rents 
were opened through these new piles of material. From the evidence of the dykes also, 
we learn that the general direction of the fissures remained from first to last tolerably 
uniform. Here and there indeed, where one set of dykes traverses another, as in the 
basin of the Clyde, we meet with proofs of a deviation from the normal trend. But it is 
remarkable that the very youngest dykes which pierce the eruptive bosses of the Inner 
Hebrides rose in fissures that -were opened in the normal north-westerly line through 
these great protrusions of basic and acid rock. 

Such a gigantic system of parallel fissures points to great horizontal tension of the 
terrestrial crust over the area in which they were developed. HopkKINs, many years ago, 
discussed from the mathematical side the cause of the production of such fissures.t He 
assumed the existence of some elevatory force acting under considerable areas of the 
earth’s crust at any assignable depth, either with uniform intensity at every point, or with 
a somewhat greater intensity at particular points. He did not assign to this force any 
definite origin, but supposed it “to act upon the lower surface of the uplifted mass 
through the medium of some fluid, which may be conceived to be an elastic vapour, or, 
in other cases, a mass of matter in a state of fusion from heat.” { He showed that such 
an upheaving force would produce in the affected territory a system of parallel longi- 
tudinal fissures, which, when not far distant from each other, could only have been 
formed simultaneously, and not successively ; that each fissure would begin not at the 
surface, but at some depth below it, and would be propagated with great velocity ; that 
there would be more fissures at greater than at lesser depths, many of them never reaching 
the surface ; that they would be of approximately uniform width, the mean width tending 


* The only other known example of such a dyke*structure is that of the Pre-Cambrian series of dykes in the 
Archean gneiss of Sutherland. 


+ Cambridge Phil. Trans., vi. (1835) p. 1. t Op. cit., p. 10. 
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to increase downwards ; that continued elevation might increase these fissures, but that 
new fissures in the same direction would not arise in the separated blocks which would 
now be more or less independent of each other; that subsequent subsidences would give 
rise to transverse fissures, and by allowing the separated blocks to settle down would 
cause irregularities in the width of the great parallel fissures. He considered also the 
problem presented by those cases where the ruptures of the terrestrial crust have been 
filled with igneous matter, and now appear as dykes. ‘The results above obtained,” he 
says, “will manifestly hold equally, whether we suppose the uplifted mass acted upon 
immediately through the medium of an elastic vapour or by matter in a state of fusion in 
immediate contact with its lower surface. In the latter case, however, this fused matter 
will necessarily ascend into the fissures, and if maintained there till it cools and solidifies, 
will present such phenomena as we now recognise in dykes and veins of trap.” * 

The existence of a vast lake or reservoir of molten rock under the fissure-region of 
Britain is demonstrated by the dykes. But, if we inquire further what terrestrial opera- 
tion led to the uprise of so vast a body of lava towards the surface in older Tertiary time, 
we find that as yet no satisfactory answer can be given. 

2. The rise of molten rock in thousands of fissures over so wide a region is to my 
mind by far the most wonderful feature in the history of volcanic action in Britain. The 
great plateaux of basalt, and the mountainous bosses of rock by which they have been 
disrupted, are undoubtedly the most obvious memorials of Tertiary volcanism. But, 
after all, they are merely fragments restricted to limited districts. The dykes, however, 
reveal to us the extraordinary fact that, at a period so recent as older Tertiary time, 
there lay underneath the area of Britain a reservoir or series of reservoirs of lava, the 
united extent of which must have exceeded 40,000 square miles. 

That the material of the dykes rose in general directly from below, and was not 
injected laterally along the open fissures, cannot be doubted. ‘The narrowness of these 
rents, and their enormous relative length, make it physically impossible that molten réck 
could have moved along them for more than a short distance. The homogeneous 
character of the rock, the remarkable scarcity of any broken-up consolidated fragments 
of it immersed in a matrix of different grain, the general uniformity of composition and 
structure from one end of a long dyke to another, the spherical form of the amygdules, 
the usual paucity of fragments from the fissure walls—all point to a quiet welling of the 
lava upward. Over the whole of the region traversed by the dykes, from the hills of 
Yorkshire and Lancashire to the remotest Hebrides, molten rock must have lain at a 
depth, which, in one case, we know to have exceeded three miles, and which was probably 
everywhere considerably greater than that limit. 

Forced upwards, partly perhaps by pressure due to terrestrial contraction and partly 
_ by the enormous expansive force of the gases. and vapours absorbed within it, the lava 
rose in the thousands of fissures that had been opened for it in the solid overlying crust. 
That in most cases its ascent terminated short of the surface of the ground may reasonably 

* Op. cit., p. 69. 
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be inferred. At least, we know, that many dykes do not reach the present surface, and 


that those which do have shared in the enormous denudation of the surrounding country. | 


That even in the same dyke the lava rose hundreds of feet higher in one place than at 
another is abundantly proved. When, however, we consider the vast number of dykes 
that now come to the light of day, and reflect that the visible portions of some of them 
differ more than 3000 feet from each other in altitude, we can hardly escape the conviction 
that it would be incredible that nowhere should the lava have flowed out at the surface. 
Subsequent denudation has undoubtedly removed a great thickness of rock from what 
was the surface of the ground during older Tertiary time, and hundreds of dykes are now 
exposed that originally lay deeply buried beneath the overlying part of the earth’s 
crust through which they failed to rise. But some relics, at least, of the outflow of lava 
might be expected to have survived. I believe that such relics remain to us in the great 
basalt-plateaux of Antrim and the Inner Hebrides. These deep piles of almost horizontal 
sheets of basalt, emanating from no great central volcanoes, but with evidence of many 
small local vents, appear to me to have proceeded from dykes that reached the highest 
level, and from which orifices, communicating with the surface of the ground, allowed the 


molten material to flow out in successive streams with occasional accompaniments of | 


fragmentary ejections. The structure of the basalt-plateaux, and their mode of origin, 
will form the subject of the next division of this paper. 

We can hardly suppose, however, that the lava flowed out only in the western region 
of the plateaux. Probably it was most frequently emitted and accumulated to the 
greatest depth in that area. But over the centre of Scotland and north of England there 
may well have been many places where dykes actually communicated with the outer air, 
and allowed their molten material to stream out over the surrounding country. The 
disappearance of such outflows need cause no surprise, when we consider the extent of the 


denudation which many dykes demonstrate. I have elsewhere shown that all over Scot- 
land there is abundant proof that hundreds and even thousands of feet of rock have been | 


removed from parts of the surface of the land since the time of the uprise of the dykes.* — 


The evidence of this denudation is singularly striking in such districts as that of Loch — 
Lomond, where the difference of level between the outcrop of the dykes on the crest of — 


the ridges and in the bottom of the valley exceeds 3000 feet. It is quite obvious that, 
had the deep hollow of Loch Lomond lain as it now does in the pathway of these dykes, 


the molten rock, instead of ascending to the summits of the hills, would have burst out | 
on the floor of the valley. We are, therefore, forced to admit that a deep glen and lake- | 


basin have been in great measure hollowed out since the time of the dyke. Ifa depth of — 


many hundreds of feet of hard crystalline schists could have been removed in the interval 


there need be no difficulty in understanding that by the same process of waste, many 


sheets of solid basalt have been gradually stripped off the face of central Scotland and 
northern England. 


* Scenery of Scotland, 2d edit. (1887), p. 149. But see the remarks already made (p. 55) on the curious coincidence | 


‘sometimes observable between the upper limit of a dyke and the overlying inequalities of surface. 
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This association of dykes with the out-welling of lava and with the accumulation of deep — 


and extensive volcanic plateaux, is paralleled in other parts of the world. The description 
by Mr G. T. Crark of the dykes connected with the vast basaltic sheets of the Bombay 
Presidency corresponds almost exactly with that which I have given of those of this 
country. The Indian, like the British, examples occur in great numbers, rising through 
every rock in the district up to the crests of the Ghauts, 4000 feet above the sea. They 
vary from one or two to 10, 20, 40, and even occasionally 100 or 150 feet in width, 
and are often many miles in length. They observe a general parallelism in one average 
direction, and show no perceptible difference in character even when traced up to elevations 
of 3000 and 4000 feet.* 

To this and other areas, where horizontal sheets of basalt cover enormous tracts of 
country with no great central volcanic cones from which the material could have come, 
fuller reference will be made in the next division of this paper, which treats of the basalt- 
plateaux of the British Islands.t 


Il. THE VOLCANIC PLATEAUX. 


We have now to consider the structure and history of those volcanic masses which, 
during Tertiary time, were ejected to the surface within the area of the British Islands, 
and now remain as extensive basalt-plateaux. Short though the interval has been in a 
geological sense since these rocks were erupted, it has been long enough to allow of very 
considerable movements of the ground and of enormous denudation. Hence the 
superficial records of Tertiary volcanic action have been reduced to a series of broken and 
isolated fragments. I have already stated that no evidence now remains to show to what 
extent there were actual superficial outbursts of volcanic material over the rest of the 
dyke-region of Britain, and the subsequent waste of the surface has been so enormous 
that various lava-fields may quite possibly have stretched across parts of England and 
Scotland, from which they have since been wholly stripped off, leaving behind them only 
that wonderful system of dykes from which their molten materials were supplied. 

There can be little doubt, however, that whether or not other Phlegrean fields 
extended over portions of the country whence they have since been worn away, the chief 
voleanic tract lay to the west in a broad and long depression that stretched from the 
south of Antrim to the Minch. From the southern to the northern limit of the 
fragmentary lava-fields that remain in this depression is a distance of some 250 miles, 
and the average breadth of ground within which these lava-fields are preserved may be 
taken to range from 20 to 50 miles. If, therefore, the sheets of basalt and layers of tuff 


* Quart. Jour, Geol. Soc., xxv. (1869) p. 163. 

+ It isinteresting to note that in the great paper on Physical Geology already cited, Hopkins considered the question 
of the outflow of lava from the fissures which he discussed. “If the quantity of fluid matter forced into these fissures,” 
he says, “ be more than they can contain, it will, of course, be ejected over the surface; and if this ejection take place 
from a considerable number of fissures, and over a tolerably even surface, it is easy to conceive the formation of a bed 
of the ejected matter of moderate and tolerably uniform thickness, and of any extent” (op. cit., p. 71). 
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extended over the whole of this strip of country, they covered a space of some 7000 or 
8000 square miles. But they were not confined to the area of the British Islands. | 
Similar rocks rise into plateaux in the Faroe Islands, and it may reasonably be conjectured — 
that the remarkable submarine ridge which extends thence to the north-west of Scotland, — 
and separates the basin of the Atlantic from that of the Arctic Ocean, is partly at least 
of voleanic origin. And still further north come the extensive Tertiary basaltic plateaux 
of Iceland, while others of like aspect and age cover a vast area in southern Greenland. 
Without contending that one continuous belt of lava-streams stretched from Ireland to 
Iceland and Greenland, we can have no doubt that in older Tertiary time the north-west | 
of Europe was the scene of more widely-extended volcanic activity than showed itself at 
any other period in the geological history of the whole continent, Possibly, as I have 
already suggested, the present active vents of Iceland and Jan Mayen are the descendants 
in uninterrupted succession of those that supplied the materials of the Tertiary basaltic 
plateaux, the volcanic fires slowly dying out from south to north. Butso continuous and 
stupendous has been the work of denudation in these northern regions, where winds and 
waves, rain and frost, floe-ice and glaciers reach their highest level of energy, that the 
present extensive sheets of igneous rock can be regarded only as magnificent relics, the — 
grandeur of which furnishes some measure of that which characterised the last episode in | 
the extended volcanic records of Britain. | 

The long and wide western valley in which the basalt-plateaux of this country were 
accumulated seems, from a remote antiquity, to have been a theatre of considerable 
geological activity. There are traces of some such valley or depression even back in the 
period of the Torridon sandstone of the north-west which was laid down in it between the 
great ridge of the Outer Hebrides and some other land to the east. The Lower Old Red 
Sandstone of Lorne may represent the site of one of its lakes. The Carboniferous rocks, 
which run through the north of Ireland, cross into Cantyre, and are found even as far 
north as the Sound of Mull, mark how, in later Palzeozoic time, the same strip of country 
was a region of subsidence and sedimentation. During the Mesozoic ages, similar 
operations were continued ; the hollow sank several thousand feet, and Jurassic strata to 
that depth filled it up. Before the Cretaceous period, underground movements had 
disrupted and irregularly upheaved the Jurassic deposits, and prolonged denudation had 
worn them away, so that when the Cretaceous formations came to be laid down on the 
once more subsiding depression, they were spread out with a strong unconformability on 
everything older than themselves, resting on many successive horizons of the Jurassic — 
system, and passing from these over to the submerged hill-sides of the crystalline schists. — 
Yet again, after the accumulation of the Chalk, the sea-floor along the same line was 
ridged up into land, and the Chalk, exposed to denudation, was deeply trenched by valleys, 
and entirely removed from wide tracts which it once covered. 

It was in this long broad hollow, with its memorials of repeated subsidences and | 
upheavals, sedimentation and denudation, that the vigour of subterranean energy at last 
showed itself in volcanic outbreaks, and in the gradual piling up of the materials of the 
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basalt-plateaux. So far as we know, these outbursts were suberial. At least no trace 
of any marine deposit has yet been found even at the base of the pile of volcanic rocks. 
Sheet after sheet of lava was poured out, until several thousand feet had accumulated, 
so as perhaps to fill up the whole depression, and once more to change entirely the aspect 
of the region. But the Volcanic period, long and important as it was in the geological 
history of the country, came to an end. It too was merely an episode during which 
denudation still continued active, and since which subterranean disturbance and superficial 
erosion have again transformed the topography. In wandering over these ancient lava- 
fields, we see on every hand the most stupendous evidence of change. They have been 
dislocated by faults, sometimes with a displacement of hundreds of feet, and have been 
hollowed out into deep and wide valleys and arms of the sea. Their piles of solid rock, 
thousands of feet thick, have been totally stripped off from wide tracts of ground which 
were once undoubtedly buried under them. Hence, late though the volcanic events are 
in the history of the land, they are already separated from us by so vast an interval that 
there has been time for cutting down the wide plateaux of basalt into a series of mere 
scattered fragments. But the process of land-sculpture has been of the utmost service to 
geology, for, by laying bare the inner structure of these plateaux, it has provided 
materials of almost unequalled value and extent for the study of one type of volcanic 
action. 


§ 1. PETROGRAPRY. 


The superficial outbursts of volcanic action during Tertiary time in Britain are 
represented by a comparatively small variety of rocks. By far the largest area and 
thickest mass consist of dark basic lavas. In only one locality (Isle of Eigg) has any 
outflow of acid lava been detected. Between the lava-sheets occasional layers of volcanic 
and even non-volcanic fragmental rocks occur. The general lithological characters of 
the whole group of plateau-rocks may here be briefly enumerated. 

1. Lavas.—In external characters these rocks range from coarsely crystalline varieties, 
in which the constituent minerals may be more or less readily detected with the naked eye 
or a field-lens, to dense black compounds in which only a few porphyritic crystals may 
be microscopically visible. They are easily recognised as pertaining in the vast majority 
of cases to the great group of the dolerites and basalts. One of their characteristic 
features is the presence of the ophitic structure, sometimes only feebly developed, some- 
times showing itself in great perfection. Many of the rocks are holo-crystalline, but 
usually show more or less interstitial matter (dolerites); in others the texture is finer, 
and the interstitial matter more developed (basalts) ; in no case, so far as I have observed, 
are there any glassy varieties, which are restricted to the dykes, though in some of the 
basalts there is a considerable proportion of glassy or incompletely devitrified substance. 
The felspars are of the characteristic lath-shaped forms, and are usually quite clear and 
fresh. The augite resembles that of the dykes, occurring sometimes in large plates that 
enclose the felspars, at other times in a finely granular form. Olivine is frequently not 
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to be detected, even by green alteration products. Magnetite is sometimes present in 
such quantity as to affect the compass of the field-geologist. Porphyritic varieties 
occur with larger crystals of a different form from the laths of the base; but such 
varieties are, I think, less frequent among the plateau-rocks than among the dykes. 

In a few localities, there are found intercalated with the ordinary dark heavy 
dolerites and basalts certain pale rocks of much lower specific gravity (2°71-2°74). 
Externally these sheets are dull in texture, sometimes strongly amygdaloidal, sometimes 
with a remarkable platy structure, which, in the process of weathering, causes them to 
split up like stratified rocks. Examined with the microscope, they are found to consist 
almost wholly of felspar in minute laths or microliths, but in none of my specimens 
sufficiently definite for satisfactory determination. In one of the best slides Dr F. 
Hatcu, in whose hands I placed it, finds that “ each lath of this abnormal felspar passes 
imperceptibly into those adjacent to it; the double refraction being very weak, and the 
twin-striation, if present, not being traceable.” He suggests whether the rock “ originally 
consolidated as a glass, poor in iron and magnesia, the development of the felspar being 
due to devitrification.” * Some of the varieties are amygdaloidal, the cells being filled 
with epidote, which also appears in the fissures, and sometimes even as-a constituent of 
the rock. To such compounds I do not know that any existing petrographical name is 
applicable. As they form the upper portion of Ben More, and the tops of some of its 
neighbours in Mull, I have been in the habit of speaking of them as the “ felspathic 
lavas” or “ pale-group” of Ben More, and it will be preferable to use some such vague 
definition until their true chemical and mineralogical characters have been worked out. 

Passing now to the occurrence of the lavas as beds of rock in the plateaux, we find 
them to present three well-marked types, all of which, however, pass into each other. 
Ist, Massive and amorphous ; 2d, Prismatic; 3d, Amygdaloidal and slaggy. 

1. The more coarsely crystalline varieties (dolerites) are apt to occur in thick massive 
beds, with no definite structure except the usual somewhat irregular joints placed 
perpendicularly to the upper and under surfaces. In their general aspect, such beds 
cannot readily be separated from intrusive sheets. But where they are not intrusive, 
they will generally be found somewhat cellular, towards their upper and lower surfaces; 
while, where intrusive, they are generally more close-grained there than anywhere else. 
Rocks of this character are less frequent than those of the other two varieties. 3 

2. Prismatic structures are typical of the more compact heavy basalts. A considerable 
variety is observable in the degree of perfection of their development. Where they are 

* In the course of my investigations I have had many hundreds of thin slices cut from the Tertiary volcanic rocks 
for microscopic determination. These-I have myself studied in so far as their microscopic structure appeared likely to 
aid in the investigation of those larger questions of geological structure in which I was more specially interested. But 
for their detailed examination I have placed them with Dr Hatcu, in whose hands, together with the large series of 
specimens accumulated by the Geological Survey, they will form the subject of a future memoir on the microscopic 
petrography of this most interesting group of rocks. He has submitted to me the results of his preliminary examina- 
tion, and where these offered points of geological import I have availed myself of them by citations in the course of 
this memoir. Professor Jupp, in a series of valuable papers, has discussed the general petrography of the Tertiary 


volcanic rocks; Quart. Jour. Geog. Soc., vols, xxxix., xli., xlii. 
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least definite, the rock is traversed by vertical joints, somewhat more regular and close- 
set than those in the dolerites, by the intersection of which it is separated into rude 
quadrangular or polygonal columns. The true prismatic structure is shown in two chief 
forms. (a) The rock is divided into close-fitting parallel, usually six-sided, columns ; 
the number of sides varying, however, from three up to nine. The columns run the 
whole thickness of the bed, and vary thus from 8 or 10 to 40 or even 80 feet in length. 
They are segmented by cross joints which sometimes, as at the Giant’s Causeway, take 
the ball and socket form. Occasionally they are curved, as at the well-known Clam-shell 
cave of Staffa. (b) The prisms are much smaller, and diverge in wavy groups crowded 
confusedly over each other, but with a general tendency upwards. This starch-like 
agoregation may be observed superposed directly upon the more regular columnar form, 
as at the Giant’s Causeway and also at Staffa. 

8. It may often be noticed that, even where the basalt is most perfectly prismatic, it 
presents a cellular and even slaggy structure at the bottom. The rock that forms the 
Giant’s Causeway, for instance, is distinctly vesicular, the vesicles being drawn out in a 
general E. and W. direction. The beautifully columnar bed of Staffa is likewise slaggy 
and amygdaloidal for a foot or so upwards from its base, and portions of this lower layer 
have here and there been caught up and involved in the more compact material above 
it. Even the bottom of the confusedly prismatic bed above the columnar one on that 
island also presents a cellular texture. A similar rock at Ardtun, in Mull, passes 
upward into a rugged slag and confused mass of basalt blocks, over which the leaf-beds 
lie. At Loch-na-Mna, in the island of Higg, one of the basalts presents in places a 
remarkable streaky structure, due, doubtless, to the arrangement of its component 
materials during the flow of the still molten rock. 

Amygdaloidal structure is more or less well developed throughout the whole series 
of basalts. But it is especially marked in certain abundant sheets, which, for the sake of 
distinction, are called amygdaloids. These beds, which form a considerable proportion of 
the materials of every one of the plateaux, are distinguished by the abundance and large 
size of their vesicles. In some places, these cavities occupy at least as much of the 
rock as the solid matrix in which they lie. They have generally been filled up with 
some infiltrated mineral—calcite, chalcedony, zeolites, &c. The amygdules of the west of 
Skye and of Antrim have long been noted for their zeolitic enclosures. As a consequence 
of their cellular texture and the action of infiltrating water upon them, these amygdaloidal 
beds are always more or less decomposed. Their dull, lumpy, amorphous beds contrast 
well with the prismatic sheets above and below them, and as they crumble down they 
are apt to be covered over with vegetation. Hence, on a sea-cliff or escarpment, the green 
declivities between the prominent columnar basalts usually mark the place of these 
less durable bands. 

Exceedingly slag-like lavas are to be seen among the amygdaloids, immediately 
preceded and followed by beds of compact black basalt with few or no vesicles. From 
the manner in which such rocks yield to the weather, they often assume a singularly 
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deceptive resemblance to agglomerates. One of the best examples of this resemblance 
which have come under my notice is that of the rock on which stands Dunluce Castle, on 
the north coast of Antrim. Huge rounded blocks of a harder consistency than the rest 


of the rock project from the surface of the cliffs, like the bombs of a true volcanie 


agglomerate, while the matrix in which they are wrapped has decayed from around them. 
But an examination of this matrix will soon convince the observer that it is strongly 
amygdaloidal, and that the apparent “bombs” are only harder and less cellular portions 
of it. The contrast between the weathering of the two parts of the rock seems to have 
arisen from an original variety in the relative abundance of steam-cavities. Another 
singular instance occurs at the foot of the outlier of Fionn Chro (fig. 51), in the island of 
Rum. A conspicuous band underlying the basalts there might readily be taken for a 
basalt-conglomerate. But in this case, also, the apparent matrix is found to be 
amygdaloidal, and the rounded blocks are really amygdules, sometimes a foot in length, 
filled or lined with quartz, chalcedony, &c. 

A somewhat different structure, in which, however, the appearance of volcanic breccia 
or agglomerate due to explosion from a vent is simulated, may be alluded to here. The 


best instance which I have observed of it occurs at the south end of Loch-na-Mna, in the 


island of Kigg. The basalt above referred to as occurring at this locality shows on its 
weathered surfaces a remarkable streaky structure that gives rise to prominent thin nearly 
parallel ribs coincident with the direction of bedding. This arrangement, probably due, 
as I have said, to the flow of the basalt while still unconsolidated, can hardly be traced 
with the naked eye on a fresh fracture of the rock, the whole appearing as a black 
compact basalt. On the weathered faces, the streaky layers may be observed to have 
been broken up, and their disconnected fragments have been involved in ordinary basalt 
wherein this flow-structure is not developed, while large blocks and irregular masses are 
wrapped round in a more decomposing matrix. There can be no doubt that in such 
cases we see the effects of the disruption of chilled crusts, and the entanglement of the 
broken pieces in the still fluid lava. 

Great variety is to be found in the thickness of different sheets of lava in the plateaux. 
Some of them are not more than 6 or 8 feet; others reach to 80 or 100 feet, and some- 
times, though rarely, to even greater dimensions. In Antrim, the average thickness of 
the flows is probably from 15 to 20 feet.* In the fine coast-sections at the Giant’s 
Causeway, however, some bands may be seen far in excess of that measurement. The 
bed that forms the Causeway, for instance, is about 60 or 70 feet thick, and seems to 
become even thicker further east. Along the great escarpment, 700 feet high, which 
rises from the shores of Gribon, on the west coast of Mull, there are twenty separate beds, 
which gives an average of 35 feet for the thickness of each flow. On the great range of 
sea-precipices, on the west coast of Skye, which present the most stupendous section of 
the basalts anywhere to be seen within the limits of the British Islands, the average 
thickness of the beds can be conveniently measured. At the Talisker cliffs some of the 

* See Explanation of Sheet 20, Geol. Survey, Ireland, p. 11. 
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flows are not more than 6 or 8 feet; others are 30 or 40 feet. In the vast walls that 
form the seaward margin of the tableland of Macleod’s Tables (fig. 21), fourteen successive 
beds of basalt can be counted in a vertical section of 400 feet, which is equal to an 
average thickness of about 28 feet. But some of the basalts are only about 6 feet thick, 
while others are 50 or 60. 

Each bed appears, on a cursory inspection, to retain its average thickness, and to be 
continuous for a long distance. But I believe that this persistence is in great measure 
deceptive. It is not often that we can follow the same bed with absolutely unbroken 
continuity for more than a mile or two. Even in the most favourable conditions, such 
as are afforded by a bare sea-cliff on which every bed can be seen, there occur small 
faults, gullies where the rocks are for the time concealed, slopes of débris, and other 
failures of continuity ; while the rocks are generally so like each other, that on the further 
side of any such interruption, it is not always possible to make sure that we are still 
tracing the same bed of basalt which we may have been previously following. On the 
other hand, a careful examination of one of these great natural sections will usually 
supply us with proofs that, while the bedded character may continue well marked, the 
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Fie. 18.—Termination of Basalt-beds, Carsaig, Mull. 


individual beds die out, and are replaced by others of similar character. On the south 
coast of Mull, for instance, cases may be observed where the basalt of one sheet abruptly 
wedges out, and is replaced by that of another. Where both are of the same variety of 
rock, it requires close inspection to make out the difference between them; but where 
one is a green, dull, earthy, amorphous amygdaloid, and the other is a compact, black, 
prismatic basalt, the contrast between the two beds can be recognised from a distance 
(fig. 18). Again, along the west coast of Skye, the really lenticular character of the 
beds can be well seen. 

In Antrim also, where similar proofs may be obtained, remarkable evidence is 
presented of the rapid attenuation not of single beds only, but of a whole series of basalts. 
Thus, at Ballycastle, the group of lavas known as the Lewer Basalts, which ‘underlie the 
well-known horizon of iron-ore, are at least 350 feet thick. But, as we trace them west- 
wards, bed after bed thins out until, a little to the west of Ballintoy, a distance of only 
about 6 miles, the whole depth of the group has diminished to somewhere about 40 feet. 
A decrease of more than 300 feet in six miles or 50 feet per mile points to considerable 
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inequalities in the accumulation of the lavas. If the next series of flows came from 
another vent and accumulated against such a gentle slope, it would be marked by a slight 
unconformability. Structures of this kind are much rarer than we should expect them 
to be, considering the great extent to which the plateaux have been dissected and laid 
open in cliff sections. Near the west end of Glen More, in Mull, I observed a hillside 
where, as seen from a little distance, one series of basalts appears to be banked up against 
the edges of another. 

A common feature in all the plateaux is the intervention of a red layer between 
successive sheets of basalt. These red streaks form a striking feature on many sea-cliffs, 
and emphasise the bedded character of the volcanic series. Examined more closely, the 
thin red line is found to be a layer of clay or bole which shades into the decomposed top 
of the bed whereon it lies, and is usually somewhat sharply marked off from that which 
covers it. This layer has long, and I think correctly, been regarded as due to the 
atmospheric disintegration of the surface of the basalt on which it occurs, before the 
eruption of the overlying flow. It varies in thickness from a mere line up to a foot or 
more, and it passes into the tuffs and clays which are sometimes interposed between the 
sheets of basalt. Je 

2. Fragmental Rocks.—While the plateaux are built up mainly of successive flows 
of basaltic lavas, they include various intercalations of fragmental materials, which, though 
of trifling thickness, are of great interest and importance in regard to the light which 
they cast on the history of the different regions during the volcanic period. I shall 
enumerate the chief varieties of these rocks here, and give fuller details regarding their 
stratigraphical relations and mode of occurrence in connection with the succession of beds 
in each of the plateaux. 

a. Volcanic Agglomerates.—Under this name are included all the tumultuous 
unstratified masses of fragmentary materials which fill eruptive vents in and around the 
plateaux. The stones vary in size up to blocks several feet in diameter. They consist 
for the most part of basalts, often highly slaggy and scoriaceous, also fragments of 
different acid eruptive rocks (generally felsitic in texture), with pieces of the non-volcanic 
rocks through which the volcanic pipes have been drilled. The paste is granular, 
dirty-green or brown in colour, and seems generally to consist chiefly of comminuted 
basalt. 

b. Volcanic Conglomerates and Breccias, in beds intercalated between the flows of 
Basalt.—These are of at least three kinds. (a) Basalt-conglomerates, composed mainly 
of rounded and subangular blocks of basalt (or allied basic lava), sometimes a yard or 
more in diameter, not unfrequently in the form of pieces of rough slag or even of true 
bombs, embedded in a granular matrix of comminuted basalt-débris. In some cases, the 
stones form by far the most abundant constituents of the rock, which then resembles 
some of the coarse agglomerates just described. On the east side of Mull, for example, 
the slaggy basalts of Beinn Chreagach Mhor are occasionally separated by materials of 
this character. But such intercalations are seldom more than a few feet or yards in 
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thickness. Their coarseness and repetition on successive horizons show that they 
accumulated in the near neighbourhood of one or more small vents, from which discharges 
of fragmentary materials took place at the beginning or at the close of an outflow of 
lava. More commonly, however, the dirty-green or dark-brown granular matrix exceeds 
in bulk the stones embedded in it. It has obviously been derived mainly from the 
trituration of already cooled ‘basalt-masses, and probably also from explosions of the still 
molten rock in the vents.  As‘in the case of the agglomerates of the vents, pieces of 
older acid lavas, and still more of the non-volcanic rocks that underlie the plateaux, are 
found in these bedded conglomerates and breccias. In Antrim and Mull, for instance, 
fragments of flint and chalk are of common occurrence. A characteristic example of this 
kind of rock is to be seen forming the platform of the remarkable columnar bed out of 
which Fingal’s Cave, Staffa, has been excavated. 

(8) Felsitic Breccia and Conglomerate-—This variety is of rare occurrence, but it is 
to be seen in a number of localities in the island of Mull. It is composed in great 
measure of angular fragments of a close-grained flinty felsitic rock, with pieces of quartzite 
and amygdaloidal basalt, the dull dirty-green matrix appearing to be made up chiefly of 
basalt-dust. | 

(y) Breccias of Non-Volcanic Materials.—These, the most exceptional of all the 
fragmentary intercalations in the plateaux, consist almost wholly of angular blocks of 
rocks which are known to underlie the basalts, but with a variable admixture of basalt — 
fragments. They are due to volcanic explosions which shattered the subjacent older crust 
of rocks, and discharged fragments of these from the vents or allowed them to be borne 
upwards on an ascending column of basic lava. Pieces of the non-volcanic platform are of 
common occurrence among the fragmentary accumulations, especially in the lower parts 
of the plateaux-basalts. But I have never seen so remarkable an example of a breccia of 
this kind as that which occurs near the summit of Sgurr Dearg, in the east of Mull. The 
bedded basalt encloses a lenticular band of exceedingly coarse breccia, consisting mainly 
of angular pieces of quartzite, with fragments of amygdaloidal basalt. In the midst of 
the breccia les a huge mass or cake of erupted mica-schist, at least 100 yards long by 
30 yards wide, as measured across the strike up the slope of the hill. To the west, owing 
to the thinning out of the breccia, this piece of schist comes to lie between two beds of 
basalt. A little higher up, other smaller but still large blocks of similar schist are involved 
in the basalt, as shown in fig. 19. As the huge cake of mica-schist plunges into the hill, 
its whole dimensions cannot be seen; but there are visible, at least, 15,000 cubic yards, 
which must weigh more than 30,000 tons. Blocks of quartzite of less dimensions occur 
in the basalts on Loch Spelve. There can be no doubt, I think, that these enormous 
fragments were torn off from the underlying crystalline schists which form the framework 
of the western Highlands, and were floated upward in an ascending flow of molten basalt. 
Had the largest mass occurred at or near the base of the volcanic series, its size and 
position would have been less remarkable. But it lies more than 2000 feet up in the 
basalts, and hence must have been borne upward for more than that height. A similar 
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but less striking breccia occurs on the south coast of the same island, near Carsaig, made 
up chiefly of pieces of quartzite and quartz.* 

c. Tuffs.—So far as I am aware, all the tuffs intercalated in the basalt-plateaux 
consist essentially of basic materials, derived from the destruction of different varieties of 
basalt-rocks, though also containing occasional fragments of older felsitic rocks, as well 
as pieces of chalk, flint, quartz, and other non-volcanic materials. They are generally 
dull, dirty-green in colour, but become red, lilac, brown, arid yellow, according to the 
amount and state of combination and oxidation of their ferruginous constituents. They 
usually contain abundant fragments of amygdaloidal and other basalts. As a rule, they 
are distinctly stratified, and occur in bands from a few inches to 40 feet or more in thick- 
ness. The matrix being soft and much decomposed, these bands crumble away under 
the action of the weather, and contribute to the abruptness of the basalt-escarpments 
that so often overlie them. 

Where the tuffs become fine-grained and free from embedded stones, they pass into 
variously-coloured clays. Among these are the “ beauxite” and “lithomarge” of Antrim. 


Fic. 19.—Breccia and Blocks of mica-schist, quartzite, &c., lying between bedded Basalts, Isle of Mull. 
a,a, Bedded basalts ; 6, Breccia ; d, Basic dyke. 


Associated with these deposits in the same district, is a pisolitic hematite, which has 
been proved to occur over a considerable area on the same horizon. Many of the clays 
are highly ferruginous. The red streaks that intervene between successive sheets of 
basalt are of this nature (bole, plinthite, &c.). The source of the iron-oxide is doubtless 
to be traced to the decomposition of the basic lavas during the volcanic period. 

d. There occur also grey and black clays and shales, of ordinary sedimentary 
materials, not infrequently containing leaves of terrestrial plants and remains of insects 
(leaf-beds), sometimes associated with impure limestones, but more frequently with sand- 
stones and indurated gravels or conglomerates containing pieces of fossil wood. These 
intercalated bands undoubtedly indicate the action of running water and the accumulation 
of sediment in hollows of the exposed flows of basalt at intervals during the piling up of 
the successive lava-sheets that form the plateaux. 

The vegetable matter has in some places gathered into lenticular seams of lignite, and 

* This is noticed by Mr StarKIE GARDNER, Quart. Jour. Geol. Soc., xliii. (1887) p. 283, note. 
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even occasionally of black glossy coal. Amber also has been found in the lignite. Where 
the vegetation has been exposed to the action of intrusive dykes or sheets, it has some- 
times passed into the state of graphite. 

The remarkable terrestrial flora found in the leaf-beds, and in association with the 
lignites, was first made known by the descriptions of Epwarp Forses already referred 
to, and has more recently been studied and described by Heer, Mr Batty, and Mr StarkIe 
GARDNER.* It was regarded by Forses as of Miocene age, and this view has generally 
been adopted by geologists. Mr Starkig GARDNER, however, contends that it indicates a 
much wider range of geological time. He believes that a succession of floras may be 
recognised, the oldest belonging to an early part of the Eocene period. Terrestrial plants, 
it must be admitted, are not always a reliable test of geological age, and I am not yet 
satisfied that in this instance they afford evidence of such a chronological sequence as Mr 
GARDNER claims, though I am convinced that the Tertiary volcanic period was long enough 
to have allowed of the development of considerable changes in the character of the 
vegetation. 

For the purpose of the present paper, however, the precise stage in the geological 
record, which this flora indicates, is of less consequence than the broad fact that the 
plants prove beyond all question that the basalts among which they lie were erupted on 
land during the older part of the long succession of Tertiary periods. Their value in 
this respect cannot be overestimated. Stratigraphical evidence shows that the eruptions 
must be later than the Upper Chalk; but the embedded plants definitely limit them to 
the earlier half of Tertiary time. 


§ 2. AREAS OF THE PLATEAUX AND Succession oF Rocks IN THEM. 


There are four districts in which the original widespread lava-fields have been less 
extensively eroded than elsewhere, or at least where they have survived in larger and 
thicker masses. Whether or not each of them was an isolated area of volcanic activity 
cannot now be determined. Their several outflows of lava may have united into one 
continuous volcanic tract, and their present isolation may be due entirely to subterranean 
movements and denudation. There is a certain convenience, however, in treating 
them separately. They are—l. Antrim; 2. Mull; 3. Small Isles; 4. Skye. To these 
might be added the Shiant Isles and St Kilda. 

1. Antrvm.t—The largest of the basalt-plateaux of Britain is that which forms so 
prominent a feature in the scenery and geology of the north of Ireland, stretching from 
Lough Foyle to Belfast Lough, and from Rathlin Island to beyond the southern margin 
of Lough Neagh. Its area may be roughly computed at about 2000 square miles. But, 


* Mr GaRDNER is now describing and illustrating the flora fully for the Paleontographical Society; see vols. 
XXXViiL, xxxix. et seq. 
+ The basalts of Antrim are the subject of an abundant literature. I may refer particularly to the papers of 


BERGER and ConyBEARE (Trans. Geol. Soc., iii.), the Geological Report of PortTLock, and the Explanations of the Sheets 
of the Geological Survey of Ireland. 
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as its truncated strata rise high along its border, and look far over the low grounds on 
every side, it must be regarded as a mere fragment of the original volcanic plain. It 
may be described as an undulating tableland, which almost everywhere terminates in a 
range of bold cliffs, but which, towards the centre and south, sinks gently into the basin 
of Lough Neagh. The marginal line of escarpment, however, presents considerable 
irregularity both in height and form, besides being liable to frequent local interruptions. 
It is highest on the west side, one of its crests reaching at Mullaghmore, in county 
Londonderry, a height of 1825 feet. On the north, it sinks down into the valley of the 
Bann, east of which it gradually ascends, forming the well-known range of cliffs from the 
Giant’s Causeway and Bengore Head to Ballycastle. It then strikes inland, and making 
a wide curve in which it reaches a height of more than 1300 feet, comes to the sea again 
at Garron Point. From that headland the cliffs of basalt form a belt of picturesque 
ground southwards beyond Belfast, interrupted only by valleys that convey the drainage 
of the interior of the plateau to the North Channel. Above the valley of the Lagan the 
crest of the plateau rises to a height of more than 1500 feet. 

Throughout most of its extent the basalt-escarpment rests on the white limestone or 
Chalk of Antrim, beneath which lie soft Lias shales and Triassic marls. Here and there, 
where the substratum of Chalk is thin, the action of underground water in the crumbling 
shales and marls below it has given rise to landslips. The slopes beneath the base of the 
basalt are strewn with slipped masses of that rock, almost all the way from Cushendall to 
Larne, some of the detached portions being so large as to be readily taken for parts of 
the unmoved rock. On the west side also, a group of huge landslips cumbers the 
declivities beneath the mural] front of Benevenagh. 

I have found some difficulty in the attempt to ascertain what’ was the probable form 
of surface over which the volcanic rocks of this plateau began to be poured out. -The 
Chalk sinks below the sea-level on the north coast, but, in the outlier of Slieve Gallion, 
three miles beyond the western base of the escarpment, it rises to a height of 1500 feet 
above the sea. On the east side also, it shows remarkable differences of level. Thus, 
below the White Head at the mouth of Belfast Lough, it passes under the sea-level, but 
only 16 miles to the south, where it crops out from under the basalt, its surface is about 
1000 feet above that level. If these variations in height existed at the time of the out- 
pouring of the basalt, the surface of the ground over which the eruptions took place was 
so irregular that some hundreds of feet of lava must have accumulated before the higher 
chalk hills were buried under the volcanic discharges. But it seems to me that much of 
this inequality in the height of the upper surface of the Chalk is to be attributed to 
unequal movements since the volcanic period, which involved the basalt in their effects, 
as well as the platform of Chalk below it. Had the present undulations of that platform 
been older than the voleanic discharges, it is obvious that upper portions of the basalt- 
series would have overlapped lower, and would have come to rest directly on the Chalk. 
But this arrangement, so far as I am aware, never occurs, except on a trifling scale. 
Wherever the Chalk appears, it is covered by sheets of the lower and not of the upper of 
VOL. XXXV. PART 2, M 
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the two groups into which the Antrim basalts are divisible. We have actual proof of 
considerable terrestrial disturbance, subsequent to the date of the formation of the 
voleanic plateau. Thus, near Ballycastle, a fault lets down the basalt and its Chalk 
_ platform against the crystalline schists of that district. On the east side of the fault, the 
Chalk is found far up the slope, and circling round the base of the beautiful cone of 
Knocklayd—an outlier of the basalt which reaches a height of 1695 feet. The amount 
of vertical displacement of the volcanic sheets is here 700 feet.* Many other displace- 
ments, as shown by the mapping of my colleagues in the Geological Survey, have shifted 
the base of the escarpment from a few inches up to several hundred feet. 

It is evident, therefore, that the present position of the Chalk platform is far from 
agreeing with that which it presented to the outflow of the sheets of basalt. But, on the 
other hand, there can be no doubt that its surface at the beginning of th evolcanic out- 
bursts was not a level plain. It was probably a rolling country of low bare chalk-downs, 
like parts of the south-east of England. The Chalk attains its maximum thickness of 
perhaps 250 feet at Ballintoy. But it is liable to rapid diminution. On the shore at 
Ballycastle, about 150 feet of it can be seen, its base being concealed ; but only 24 miles 
to the south, on the outlier of Knocklayd, the thickness is not quite half so much. On 
the west side of the plateau also, there are rapid changes in the thickness of Chalk. Such 
variations appear to be mainly attributable to unequal erosion before the outflow of the 
basalts. So great indeed had been the denudation of the Cretaceous and underlying 
Secondary formations previous to the beginning of the volcanic outbursts, that in some 
places the whole of these strata had been stripped off the country, so that the older 
platform of Palzeozoic or still more ancient masses was laid bare. Thus, on the west side 
of the escarpment, the basalt steals across the Chalk and comes to rest directly upon, 
Lower Carboniferous rocks. 

The authors who have described the junction of the Chalk and basalt in Antrim have 
generally referred to the uneven surface of the former rock as exposed in any given section. 
The floor on which the basalt lies is remarkably irregular, rising into ridges and sinking 
into hollows or trenches, but almost everywhere presenting a layer of earthy rubbish made 
of brown ferruginous clays, mixed with pieces of flint, chalk, and even basalt.t The 
flints are generally reddened and shattery. The chalk itself has been described as 
indurated, and its flints as partially burnt by the influence of the overlying basalt. But 
I have not noticed, at any locality, evidence of alteration of the solid chalk, except where 
dykes or intrusive sheets have penetrated it.{ There can be no doubt that the hardness 
of the rock is an original peculiarity, due to the circumstances of its formation. The 
irregular earthy rubble, that almost always intervenes between the chalk and the base of 
the basalt, like the “‘ clay with flints” so general over the Chalk of southern England, no 


* Explanatory Memoir of Sheets 7 and 8, Geological Survey, Ireland, by Messrs Symes, Eaan, and M‘HENRY 
(1888), p. 37. 


+ Portiock, Report on Geology of Londonderry, &c. (Geological Survey), p. 117, 
t See PorTLOcK, op. cit., p. 116. 
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doubt represents long-continued subzerial weathering previous to the outflow of the 
basalt. Even, therefore, if there were no other evidence, we might infer with some con- 
fidence from this layer of rubble, that the surface over which the lavas were poured was a 
terrestrial one. 

The Antrim plateau is not only the largest in the British Islands, it is also the most 
continuous and regular. It may be regarded, indeed, as one unbroken sheet of volcanic 
material, with no such mountainous masses of eruptive rock as in the other plateaux 
disturb the continuity of the horizontal or gently inclined sheets of basalt. Around its 
margin, indeed, a few outliers tower above the plains, and serve as impressive memorials 
of its losses by denudation. Of these, by much the most picturesque and imposing, 
though not the loftiest, is Knocklayd already referred to, which forms so striking a feature 
in the north-east of Antrim. | 

The total thickness of volcanic rocks in the Antrim plateau exceeds 1000 feet; but, 
as the upper part of the series has been removed by denudation, the whole depth of lava 
originally poured out cannot now be told. A well-marked group of tuffs and: clays, 
traceable throughout a large part of Antrim, forms a good horizon in the midst of the 
basalts, which are thus divisible into a lower and upper group. 

The Lower Basalts have a thickness of from 400 to 500 feet. But, as already 
mentioned (p. 80), they rapidly die out in about six miles to no more than 40 feet at 
Ballintoy. They are distinguished by their general cellular and amygdaloidal character, 
and less frequently columnar structure. The successive flows, each averaging perhaps 
about 15 feet in thickness, are often separated by thin red ferruginous clayey partings, 
sometimes by bands of green or brown fine gravelly tuff. The most extensive sheet of 
tuff is one which occurs in the lower part of the group at Ballintoy, and can be traced 
along the coast for about five miles. In the middle of its course, neay the picturesque 
Carrick-a-raide, it reaches a maximum thickness of about 100 feet, and gradually dies out 
to east and west. The neck of coarse agglomerate at Carrick-a-raide, already referred 
to, is doubtless the vent from which this mass of tuff was discharged (see fig. 29). 
Owing to the thinning out of the sheets of basalt, as they approach the vent, the tuff 
comes to rest directly on the Chalk, and for some distance westwards forms the actual 
base of the volcanic series.* Occasional seams of carbonaceous clays, or even of lignite, 
appear on different horizons. Beneath the whole mass of basalt, indeed, remains of 
terrestrial vegetation here and there occur. Thus, near Banbridge, county Down, a 
patch of lignite, 4 feet 10 inches thick, underlies the basalt, and rests directly on Silurian 
rocks. Such fragmentary records are an interesting memorial of the wooded land-surface 
over which the earliest outflows of basalt spread. 

The central zone of tuffs, clays, and iron-ore is generally from 30 to 40 and sometimes 
as much as 70 feet thick. From the occurrence of the ore in it, this zone has been 
explored more diligently in recent years than any other group of rocks in Antrim, and 
its outcrop is now known over most of the district in which it occurs. The iron-ore bed 

* See Explanation of Sheets 7 and 8 of the Geological Survey of Ireland (1888), p. 23. 
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varies from less than an inch up to 18 inches in thickness, and consists of pisolitic 
concretions of hematite, from the size of a pea to that of a hazel nut, wrapped up in a 
soft ochreous clayey matrix. Where it is absent, its place is sometimes taken by an 
aluminous clay, worked as “ beauxite,” which has yielded stumps of trees and numerous 
leaves and cones. Beneath the iron-ore, or its representative, lies what is called the 
“ pavement,”—a ferruginous tuff, 8 to 10 feet thick, resting on “ lithomarge,”—a lilac or 
violet mottled aluminous earth sometimes full of rounded blocks or bombs of basalt. 
The well-known horizon for fossil plants at Ballypallidy-is a red tuff in this zone. 

This intercalated band of ferruginous deposits forms one of the most persistent and 
interesting features in the Antrim plateau. The actual area now occupied by it has 
been so reduced by denudation into mere scattered patches that it probably does not 
exceed 170 square miles. But the zone can be traced from Divis Hill, near Belfast, to 
Rathlin Island, a distance of 50 miles, and from the valley of the Bann to the coast above 
Glenarm, more than 20 miles. There can be little doubt that it was once continuous over 
all that area, and that it probably extended some way further on all sides. Hence, the 
original area over which the iron-ore and its accompanying tufis and clays were laid 
down can hardly have been less than 1000 square miles. This extensive tract was 
evidently the site of a lake during the volcanic period, formed by a subsidence of the 
floor of lower basalts. The salts of iron contained in solution in the water, whether 
derived from the decay of the surrounding lavas or from the discharges of chalybeate 
springs, were precipitated as peroxide in pisolitic form, as similar ores are now being 
formed on lake-bottoms in Sweden. For a long interval, quiet sedimentation went on 
in this lake, the only sign of volcanic energy during that time being the dust and stones 
that were thrown out and fell over the water-basin, or were washed into it by rains from 
the slopes around, 

Immediately above the iron-ore, or separated from it in places by only a few inches 
of tuff, comes the group of Upper Basalts, which varies up to 600 feet in thickness, 
though, as the upper portion has been everywhere removed by denudation, no measure 
remains of what may have been the original depth of the group. The general character 
of these basalts is more frequently columnar, black and compact, and with fewer examples 
of the strongly amygdaloidal structure so conspicuous in the lower group. But this 
distinction is less marked in the south than in the north of Antrim, so that where the 
intervening zone of tuffs and iron-ore disappears, no satisfactory line of division can be 
traced between the two groups of basalt. The occurrence of that zone, however, by 
giving rise to a hollow or slope, from which the upper basalts rise as a steep bank or 
cliff, furnishes a convenient topographical feature for mapping the boundary of these 
rocks. Among the upper basalts, also, there is perhaps a less frequent occurrence of 
those thin red partings of bole between the successive flows, so conspicuous in the lower 
group. But the flows are not less distinctly marked off from each other. Nowhere can 
their characteristic features be better seen than along the magnificent range of cliffs from 
the Giant’s Causeway eastwards. The columnar bed that forms the Causeway is the 
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lowest sheet of the upper group, and may be seen resting directly on the zone of grey and 
red tuffs. It is about 60 or 70 feet thick; and, while perfectly regular in its columnar 
structure at the Causeway and the “Organ,” assumes further eastward the confusedly 
starch-like arrangement of prisms already referred to. But, in the great cliff section of 
the “ Amphitheatre,” the more regular structure is resumed, the bed swells out to about 80 
feet in thickness, and columns of that length run up the face of the precipice, weathering 
out at the top into separate pillars, which, perched on the crest of an outstanding ridge, 
are known as the “Chimneys.” . The basalt-beds that succeed the lowest one are each 
only about 15 to 20 feet thick. | 
_ Between the successive sheets of the upper basalts thin seams of red ferruginous clay, 
though, as I have said, less frequent perhaps than in the lower group, continue to show 
that the intervals between successive eruptions were of sufficient duration to admit of 
considerable subzerial decay of the surface of a lava before the outflow of the next bed. 
Occasional thin layers of tuff also, and even of pisolitic iron-ore, have been observed 
| among these higher basalts. But the most interesting and important intercalations are 
= inconstant seams of lignite. One of the most conspiquous of these lies immediately 
| above the basalt of the ‘‘ Causeway,” where it was long worked for fuel, and was found 
to be more than 6 feet thick. But it is quite local, as may be seen at the ‘ Organ” over 
which it les, with a thickness of only 12 inches, rapidly dying out so as to allow 
the basalts above and below it to come together. The removal of the upper portion 
of the basalts prevents us from carrying the volcanic history of the Irish plateau 
further. 

It is obvious that nowhere in Antrim does any trace exist of a central vent or cone 
from which the volcanic materials were discharged. There is no perceptible thickening 
of the individual basalt sheets, nor of the whole series in one general direction, in such a 
manner as to point to the site of some chief focus of eruption. Nor can we place reliance 
on the inclination of the several parts of the plateau. I have pointed out that the varying 
dip of the beds must be attributed mainly to post-voleanic movements, or at least to 
movements which, if not later than all the phases of volcanic action, must have succeeded 
the outpouring of the plateau-basalts. There has been a general subsidence towards the 
central and southern portions of the plateau, and this movement has no doubt given rise 

to the hollow that is now oceupied by Lough Neagh. But nowhere in the depression is 
there any trace of the ruins of a central cone or focus of discharge. 

The Antrim plateau, in these respects, resembles the others. But it differs from them 
in one important particular. It has nowhere been disrupted by huge eruptive bosses of 
younger rocks, such as have broken up the continuity of the old lava-fields further north. 
Yet it is not without its memorials also of these younger protrusions. It has some feeble 
representatives of the great acid bosses of the Inner Hebrides, and it contains not a few 
excellent examples of true volcanic vents. To these fuller reference will be made in later 
pages. 

2. Mull.—This plateau, besides the island of Mull, embraces a portion of Morven, . 


‘ 

> 


90 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


and, stretching across Loch Sunart, includes the western part of the peninsula of Ardna- 
murchan. That it formerly extended far beyond its present limits is impressively 
indicated by its margin of cliffs and fringe of scattered islands and outliers. It went 
west, at least, as far as the T'reshnish Isles, which are composed of basalt. On its eastern 
border, a capping of basalt on the top of Ben Iadain (1873 feet) in Morven, and others 
further north, prove that its volcanic sheets once spread far into the interior of Argyle- 
shire (fig. 20). On the south, its fine range of lofty cliffs, with their horizontal bars of 
basalt, bear witness to the diminution which it has undergone on that side ; while, on 
the north, similar sea-walls tell the same tale. Not only has it suffered by waste along its 
margin, it has also been deeply trenched by the excavation of glens and arms of the sea. 
The Sound of Mull cuts it in two, and the mainland portion is further bisected by Loch 
Sunart, and again by Loch Aline. The island of Mull is so penetrated by sea-lochs that 
a comparatively slight depression would turn it into a group of islands. But, besides 
its enormous denudation, the Mull plateau has been subjected to great disruption from 


Fic. 20.—Basalt-Capping on top of Ben Iadain, Morven. 


subterranean movements. In the southern portion of the island, it has been broken up 
by the intrusion of large bosses and sheets of gabbro, and by masses as well as innumer- 
able veins of various granitoid and felsitic rocks. In Ardnamurchan, it has suffered so 
much disturbance from the same cause that its original structure has been almost 
obliterated over a considerable area. Moreover, it has been dislocated by many faults, 
by which different portions have been greatly shifted in level. The most important of 
these breaks is one noticed by Professor Jupp, and visible to every tourist who sails up 
the Sound of Mull. It traverses the cliffs on the Morven side, opposite Craignure, 
bringing the basalts against the crystalline schists, and strikes thence inland, wheeling 
round into the long valley in which Lochs Arienas and Teacus lie. On its western side, 
the base of the basalt-series is almost at the sea-level ; on its eastern side, that platform 
rises high into the outliers of Beinn na h-Uamha (1521 feet) and Beinn Iadain. The 
amount of displacement here is probably not much less than 1500 feet. Many other 
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minor faults in the same district show how much the crust of the earth has been fractured 
here since older Tertiary time.* | 

Nevertheless, in spite of the extent to which the Mull plateau has suffered from 
denudation and subterranean disturbance, and indeed in consequence thereof, this 
plateau presents clear sections of many features in the history of the basalt-outflows and 
of the subsequent phases of Tertiary volcanic action which cannot be seen in the more 
regular and continuous tableland of Antrim. Moreover, it still possesses in its highest 
mountain, Ben More (3169 feet), a greater thickness and a higher series of lavas than 
can now be seen in any other of the plateaux. 

It will be readily understood that, in the case of this plateau, the difficulties already 
referred to in regard to that of Antrim, of tracing the probable form of ground on which 
the volcanic eruptions began, are considerably increased. We can dimly perceive that 
the depression in the crystalline rocks of the Highlands which had, from at least the older 
part of the Jurassic period, stretched in a N.N.W. direction along what is now the western — 
margin of Argyleshire, lay beneath the sea in Jurassic time, and was then more or less 
filled up with sedimentary deposits. The hollow appears thereafter to have become 
a land-valley, whence much of the Jurassic strata was cleared out by denudation before — 
its subsequent submergence under the sea in which the upper Cretaceous deposits 
accumulated. Professor Jupp has shown how relics of these Cretaceous strata appear on 
both sides of the plateau from under the protecting cover of basalt-sheets. But, before 
the volcanic eruptions began, the area had once again been raised into land, and the 
youngest Secondary formations had been extensively eroded. 

In their general aspect the basalts of Mull agree with those of Antrim, and the 
circumstances under which they were erupted were no doubt essentially the same. But 
considerable differences in detail are observable between the succession of rocks in the 
two areas. The total depth of basalt-sheets in Mull is greater than in any other of the 
plateaux. When I first visited the island in 1866, the only available maps, with any 
pretensions to accuracy, were the Admiralty charts; but, as these do not give the interior 
except in a generalised way, it was difficult to plot sections from them, and to arrive at 
satisfactory conclusions as to the thickness of different groups of rock. Accordingly, as 
the successive nearly flat flows of basalt can be traced from the sea-level up to the top of 
Ben More, I contented myself with the fact that the total depth of lava-beds in Mull was 
at least equal to the height of that mountain, or 3169 feet. The publication of the 
Ordnance Survey Maps now enables us to make a nearer approximation to the truth. 
From the western base of the magnificent headland of Gribon, the basalts in almost — 
horizontal beds rise in one vast sweep of precipice and terraced slope to a height of over — 
1600 feet, and then stretch eastwards to pass under the higher part of Ben More, at 
a distance of some 8 miles. They have a slight easterly inclination, so that the basement 


* There are no fewer than three faults in the basalt-capping on the summit of Ben Iadain. By bringing the 


basalts and schists into juxtaposition, they have given rise to topographical features that can be seen even from a 
distance, See fig. 20, 


. ‘ 

> 

| 


92 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


beds seen at the sea-level, at the mouth of Loch Scridain, gradually sink below that level 
as they go eastward. It is not easy to get a measurement of dip among these basalts, 
except from a distance. If we take the inclination at only 1°, the beds which are at the 
base of the cliff on the west, must be about 700 feet below the sea on the line of Ben 
More, which would give a total thickness of nearly 3900 feet of bedded lava below the 
top of that mountain. We shall not probably overestimate the thickness of the Mull 
plateau if we put it at 3500 feet. 

The base of the volcanic series of Mull can best be seen on the south coast at Carsaig, 
and at the foot of the precipices of Gribon. As already stated, it is there found resting 
above Cretaceous and Jurassic rocks. The lowest beds are basalt-tuffs, of the usual dull- 
green colour. They are in places much intermingled with sandy and gravelly sediment, 
as if the volcanic débris had fallen into water where such sediment was in course of 
deposition. One of the most interesting features, indeed, in this basement part of the 
series, is the occurrence of bands of non-voleanic material which accumulated after the 
tuffs and some of the lavas had been erupted, but before the main mass of basalts. 
Those at Carsaig include a lenticular bed, 25 feet thick, of rolled flints, which, with 
some associated sandy bands, lies between sheets of basalt. On the opposite side of the 
promontory is the well-known locality of Ardtun, from which the first land-plants in the 
volcanic series were determined. The actual base of the basalts is not there seen, being 
covered by the sea. The “ leaf-beds,” with their accompanying sandstones, gravels, and 
limestone, lie upon a sheet of basalt, which in sume parts is exceedingly slaggy on the 
top, passing down into a black compact basalt, and assuming at the base of the cliff a 
columnar arrangement, with the prisms curved and built up endways towards each other. 
Some of the gravels exceed 30 feet in thickness, and consist of rolled flints, bits of chalk, 
and pieces of basalt, and of other basic igneous rocks. But some of their most interest- 
ing ingredients are pebbles of sanidine lavas, which have been recognised in them by Mr 
G. CoLtze.* No known protrusions of such lavas occur anywhere beneath or interstratified 
with the plateau-basalts. As will be afterwards shown, all the visible acid rocks, the 
geological relations of which can be ascertained, are of younger date than these basalts. 
I am disposed to regard the fragments found in the Ardtun conglomerates as probably 
derived from some of the basalt-conglomerates of the plateau, in which fragments of 
siliceous igneous rocks do occur. Though there is no evidence that any lavas of that 
nature were poured out at the surface before or during the emission of the basalts, the 
contents of these fragmental volcanic accumulations prove that such lavas, already 
consolidated, lay at some depth beneath the surface, and that fragments were torn off 
from them during the explosions that threw out the materials of the basalt-conglomerates 
to the surface. 

Mr StTarRKIE GARDNER has called attention to the extraordinarily fresh condition of 
the vegetation in some of the layers of the Ardtun section. One of the leaf-beds he has 
found to be made up for an inch or two of a pressed mass of leaves, lying layer upon 

* Quart. Jour. Geol, Soc., xliii. (1887) p. 277. 
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layer, and retaining almost the colours of dead vegetation. Among the plants represented 
is a large purple Ginkgo and a fine Platanites, one leaf measuring 15} inches long by 
104 broad. The characteristic dicotyledonous leaves at this locality possessed relatively 
large foliage. * 

To the early observations of MaccuLLocn we are indebted for the record of an 
interesting fact in connection with the vegetation of the land-surface over which the first 
lava-flows spread. He figured a vertical tree trunk, imbedded in prismatic basalt, and 
rightly referred it to some species of fir.t This relic may still be seen under the basalt- 
precipices of Gribon. Mr Garpner found it to be “a large trunk of a coniferous tree, 
five feet in diameter, perhaps Podocarpus, which has been enveloped, as it stood, in one 
of the flows of trap to the height of 40 feet. Its solidity and girth evidently enabled it 
to resist the fire, but it had decayed before the next flow passed over it, for its trunk is 
a hollow cylinder filled with débris, and lined with the charred wood. A limb of another, 
or perhaps the same tree, is in a fissure not far off.” { 

At different levels in the volcanic series of Mull, beds of lignite and even true coal 
are observable. -“These seem to be always mere lenticular patches, only a few square yards 
in extent. The best example I have met with is among the basalts near Carsaig. It is 
in part a black glossy coal, and partly dull and shaly. Some years ago it was between 
two and three feet thick, but now, owing to its having been dug away by the shepherds, 
only some six or eight inches are to be seen. It lies between two basalt-flows, and 
rapidly disappears on either side. 

More frequent than these inconstant layers of fossil vegetation are the thin partings 
of tuff and layers of red clay, sometimes containing iron-ore, which occur at intervals 
throughout the series between different flows of basalt. But even such intercalations are 
of trifling thickness, and only of limited extent. The magnificent precipices of M‘Gorry’s 
Head and Gribon expose a succession of beds of columnar amorphous and amygdaloidal 
basalt, which must attain a thickness of at least 2500 feet, before they are overlain by the 
higher group of lavas in Ben More. On the east side of the island, thin tuffs and bands 
of basalt-conglomerate occur on different horizons among the bedded basalts, from near 
the sea-level up to the summit of the ridge which culminates in Beinn Meadhon (2087 
feet), Dun-da-Ghaoithe (2512 feet), and Mainnir-nam-Fiadh (2488 feet). 

Above the ordinary compact and amygdaloidal basalt comes the higher pale group 
already referred to as forming the uppermost part of Ben More, whence it stretches 
continuously along the pointed ridge of A’Chioch, and thence northwards into Beinn 
Fhada. The same felspathic lavas are likewise found in two outliers, capping Beinn a’ 
Chraig, a mile further north, and I have found fragments of them on some of the loftier 
ridges to the south-east. This highest and youngest group of lavas in the plateaux has 
been reduced to mere isolated patches, and a little further denudation will remove it 


* For fuller local details regarding the Ardtun leaf-beds, I may refer to the original paper by the DUKE oF ARGYLL 
(Quart. Jour. Geol. Soc., vii. p. 89), and to the recent memoir by Mr StarKIE-GARDNER (op. cit., xliii., 1887, p. 270). 

+ Western Islands, vol. i. p. 568, and plate xxi. fig. 1. t Quart. Jour. Geol. Soc., xliii. p. 283. 
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altogether. Yet it is not less than about 800 feet thick, and consists of bedded lavas, 
which alternate with and follow continuously and conformably upon the top of the 
ordinary plateau-basalts. I have described these rocks as dull, finely crystalline or compact, 
light-grey in colour, and weathering with a characteristic platy form, which has been 
mistaken for the bedding of tuffs. The fissility, however, has none of the regularity or 
parallelism of true bedding, and may be observed to run sometimes parallel with the bed- 
ding of the sheets, sometimes obliquely or even at right angles to it. Even where this 
structure is best developed, the truly crystalline nature of the rocks can readily be 
detected. Some of them are porphyritic and amygdaloidal, the very topmost bed of the 
mountain being a coarse amygdaloid. Intercalated with these curious rocks there are others 
in which the ordinary characters of the dolerites and basalts of the plateaux can be 
recognised. The amygdaloids are often full of delicate prisms of epidote. 

In Mull, as in the other areas of terraced basalts, we everywhere meet with gently 
inclined sheets, which do not thicken out individually or collectively in any given direction, 
except as the result of unequal denudation. So far as I have been able to discover, they 
afford no evidence of any great volcanic cone from which they proceeded. Their present 
inclinations are unquestionably due, as in Ireland, to movements subsequent to the 
formation of the plateau. In Loch-na-keal they dip gently to the E.N.E.; in Ulva and 
the north-west coast to N.N.E.; near Salen to W.S.W. on the one side, and N. W. on the 
other. Round the southern and eastern margins of the mountainous tract of the island, 
they dip generally inwards to the high grounds. 

The Mull plateau presents a striking contrast to that of Antrim, in the extraordinary 
extent to which it has been disrupted by later protrusions of massive basic and acid 
rocks over a rudely circular area, extending from the head of Loch Scridain to the Sound 
of Mull, and from Loch-na-keal to Loch Buy. The bedded basalts have been invaded 
by masses of dolerite, gabbro, and granophyre, with various allied kinds of rock. They 
have not only been disturbed in their continuity, but have undergone considerable 
metamorphism. 

Again, further to the north, in the promontory of Ardnamurchan, the plateau has 
been disrupted in a similar way, and only a few recognisable fragments of it have been 
left. These changes will be more appropriately discussed in connection with similar 
phenomena in the other plateaux further north. 

3. Small Isles.—This plateau, the smallest and most discontinuous of the four, 
includes the islands of Eigg, Rum, Canna, and Muck, which form the parish of Small 
Isles. That the fragments of the bedded volcanic masses, preserved on each of these 
islands, were once connected can hardly be doubted. Indeed, as already stated, they 
were not improbably united with the plateau of Skye on the north, and with that of 
Ardnamurchan and Mull on the south. Taking the whole space of land and sea within 
which the basalt of Small Isles is now confined, we may compute it at not much less than 
200 square miles. In Eigg, Muck, and Canna, the basalts retain their almost horizontal 
position, and from underneath them emerge the Jurassic strata on which they lie. The 
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central part of the plateau, forming the island of Rum, is, however, much less regular. 
Four small outliers of the basalts lie at levels of 1200 feet and upwards, on the western 
slope of that island. They are underlain by a thick mass of red (Cambrian or Torridon) 
sandstones, which form the northern half of the island, and which southwards are 
connected with a confused series of gneisses and schists. These rocks are doubtless a 
continuation of the red sandstones and schists of Sleat, in Skye, and like them have been 
subjected to those post-Silurian convolutions and metamorphism whereby Archean 
gneisses have been brought above younger rocks, and the whole have been crushed and 
rolled out so as to assume a new schistose arrangement. Before the time when volcanic 
action began, a mass of high ground, consisting of these ancient rocks, stood where the 
island of Rum is now situated. The streams of basalt spread around it, not only covering 
the surrounding low tracts of Jurassic rocks, but gradually accumulating against the hills, 
and thus reducing them both in area and in height above the plain.* 

The plateau has been obliterated over the centre and south of Rum by the extrusion 
of enormous masses of gabbro, and some later granitoid rocks. The most extensive of 
its fragmentary portions is that of Eigg, where the sheets of basalt, resting on Jurassic 
beds and dipping gently southwards, can be studied all round the island in a continuous 
range of precipices (see fig. 62). 

The general aspect and succession of volcanic sheets in the area of Small Isles agree 
with those of Antrim and of the older part of the plateau of Mull. The basalts in Eigg, 
Canna, and Muck rise into ranges of fine sca-walls, sometimes five or six hundred feet 
high. The thickest mass of them occurs in Eigg, where, lying unconformably upon 
different platforms of the Jurassic rocks, they attain a thickness of about 1100 feet. 
They consist of the usual types—black, fine-grained, columnar and amorphous basalts, 
more coarsely crystalline dolerites, and dull earthy amygdaloids with red partings, and 
occasional thin bands of basalt-conglomerate or tuff. The individual beds range in 
thickness from 20 to 50 or 60 feet. Though they seem quite continuous when looked at 
from the sea, yet, on closer examination, they are found not unfrequently to die out, 
the place of one bed being taken by another, or even by more than one, in continuation of 
the same horizon. The only marked petrographical variety which occurs among them is a 
light-coloured band which stands out conspicuously among the darker ordinary sheets of 
the escarpment on the east side of theisland. The microscopi¢ characters of this rock show 
it to belong to the same series of highly felspathic lavas as the “pale group” of Ben 
More, in Mull. It is strongly vesicular, and the cells are in some parts so flattened and 
elongated as to impart a kind of fissile texture to the bed.t 

This plateau has suffered even more than that of Mull from the combined influence 


* That the lava-fields did not completely bury this nucleus of older rock has been supposed to be shown by the 
fragments of red sandstone found in the ancient river-bed of Eigg, which was scooped out of the basalt-plateau and 
sealed up under pitchstone. But I am disposed to think that these fragments, together with those of Jurassic sandstone, 
came, not from Rum, but from some district more to the north and east, as will be adverted to in a later part of this 
paper. 


t For further details regarding this plateau in Eigg, see my paper, Quart. Jour. Geol. Soc. xxvii. (1871) p. 290, 
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of later intrusive bosses and of prolonged denudation. That it once extended over the 
site of the whole of Rum can hardly be doubted. The edges of the beds that form the 
outliers would, if prolonged, cover the northern or lower half of the island, where the 
ancient Palzozoic and Archean rocks form the surface. In the southern half, the 
continuity of the basalts has been partly obscured and partly destroyed by the protrusion 
of the great masses of gabbro that form the singularly picturesque mountain group to 
which this island owes its prominence as a land-mark far and wide along the west coast 
of Scotland. 

4. Skye.—This is the largest and geologically most important of all the Scottish 
plateaux. Comprising the island of Skye, at least as far south as Loch Eishort, the west 
side of Scalpa and the southern half of Raasay, and probably extending to the Shiant 
Isles, it may be reckoned to embrace an area of not less than 800 square miles. The 
evidence that its limits are now greatly less than they originally were is, like that of 
Mull, abundant and impressive. Its truncated edges, rising here and there for a thousand 
feet as a great sea-wall above the breakers at their base, and presenting everywhere their 
succession of level or gently inclined bars of basalt-beds, are among the most stupendous 


monuments of denudation in this country. But still more striking to the geologist is the 
proof, furnished along the eastern margin of the plateau, that the Jurassic and other 
older rocks there visible were originally buried deep under the basalt-sheets, which have 
thus been entirely stripped off that part of the country. 

Throughout most of the district, wherever the base of the basalts can be seen, it is 
found to rest upon some member of the Jurassic series, but with a complete unconforma- 
bility. The underlying sedimentary strata had been dislocated and extensively denuded 
before the voleanic period began. On the southern margin, however, the red (Cambrian 
or Torridon) sandstones emerge from under the basalts of Loch Scavaig, and extending 
into the island of Soay are no doubt prolonged under the sea into Rum. This ridge 
probably represents the range of the ancient high ground of the latter island already 
referred to. : 

Nowhere are the distinctive topographical features and geological structure of the 
basalt-plateaux more impressively displayed than in the northern half of the island of 
Skye. The green terraced slopes, with their parallel bands of brown rock formed by the 


4 
Fic. 21.—Terraced Hills of Basalt Plateau (Macleod’s Tables), Skye. 
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outcrop of the nearly flat basalt-beds, rise from the bottoms of the valleys into flat-topped 
ridges and truncated cones (fig. 21). The hills everywhere present a curiously tabular 
form that bears witness to the horizontal sheets of rock of which they are composed.* 
And along the stupendous sea-precipices, each successive sheet of basalt can be counted 
from base to summit, and followed from promontory to promontory (fig. 22). In the 
district of Trotternish, the basalt hills reach a height of 2360 feet. Further west, the 
singular flat-topped eminences, called ‘Macleod’s Tables” (fig. 21), ascend to 1600 
feet. 

Along the western side of Skye, the basalts descend beneath the level of the Atlantic. 
Along the eastern side their base runs on the top of the great Jurassic escarpment, whose 
white and yellow sandstones form there, and on the east side of Raasay, so prominent a 
feature in the landscape. ‘To the south-east, the regularity of the volcanic plateau is 
effaced, as in Mull and Ardnamurchan, by the protrusion of the extensive mass of eruptive 
rocks constituting the Cuillin and Red Hills, east of which the basalts have been almost 


Fig. 22.—‘*‘ Macleod’s Maidens” and part of Basalt Cliffs of Skye. 


entirely removed by denudation, so as to expose the older rocks which they once covered, 
and through which the later eruptive bosses made their way. This is undoubtedly the 
most instructive district for the study of that later phase in the volcanic history of 
Britain comprised in the eruptive bosses of basic and acid rocks. 

The magnificent plateau of this island has been so profoundly cut down into glens 
and arms of the sea, and its component layers are exposed along so many leagues of 
noble precipice, that, its structure is perhaps more completely laid open than that of any 
of the other areas. It is built up of a succession of basalts and dolerites of the usual 
types, which probably reach a thickness of more than 2000 feet, though in their instance, 
also, denudation has left only a portion of them, without any evidence by which to reckon 
what their total original depth may have been. In rambling over Skye, the geologist is 
more than ever struck with the remarkable scarcity and insignificance of the interstrati- 
fications of tuff or of any other kind of sedimentary deposit between the successive lava- 

* These features are more fully described in my Scenery of Scotland, 2d edit. (1887), pp. 74, 145, 216. 
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sheets. In many places, indeed, bands of dirty-green tuff or basalt-conglomerate may 
be observed, sometimes, as at Portree harbour, associated with lenticular seams of coal, 
from a few inches to three feet in thickness. Sheets of finer tuff of brighter colours, 
violet, bluish, and red, like those of Antrim, form conspicuous features in some of the 
western sea-cliffs, as at Talisker. But compared with the enormous area and thickness 
of the basalts, these fragmentary ejections are of the most trifling extent. 

In no part of the Tertiary volcanic area of Britain can the characters of the lavas and 
the structure of the plateaux be so impressively seen as along the west side of Skye, 
north of Loch Bracadale. The precipices rise sheer out of the sea, to heights of some- 
times 1000 feet, and from base to summit every individual bed may be counted. As an 
illustration of the general succession of beds, I give here a diagrammatic view of the 


Fic. 23.—Section of the largest of Macleod’s Maidens. 


largest of M‘Leod’s Maidens—the three wierd sea-stacks that rise so grandly in front of the 
storm-swept precipice at the mouth of Loch Bracadale. The height of the stack must be 
at least 150 feet (figs. 22 and 23). About ten distinct sheets of igneous rock can be counted 
in it, which gives an average thickness of 15 feet for the individual beds. It will be 
observed that there is a kind of alternation between the compact, prismatic basalts and the 
more earthy amygdaloids, but that the former are generally thickest.* These features, 


_* A striking and illustrative contrast between the relative thickness of the beds of the two kinds of rock is supplied 
by the fine sections of this district. The amygdaloids range from perhaps 6 or 8 to 25 or 30 feet; but the prismatic 
basalts, while never so thin as the others, sometimes enormously exceed them in bulk. In the island of Wiay, for 
example, a bed of compact black basalt, with the confused starch-like grouping of columns, reaches a thickness of no 
less than 170 feet. Its bottom rests upon a red parting on the top of a dull greenish earthy amygdaloid. 
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which are repeated on cliff after cliff, may be considered typical for all the plateaux. 
Another characteristic point, well displayed here, is the intervening red parting between 
the successive beds. If the occurrence and thickness of this layer could be assumed as 
an indication of the relative lapse of time between the different flows of lava, it would 
furnish us with a rude kind of chronometer for estimating the proportionate duration of 
the intervals between the eruptions. It is to be noticed on the top both of the compact 
prismatic and of the earthy amygdaloidal sheets; but is more frequent and generally 
thicker on the latter than on the former, which may only mean that the surfaces of the 
cellular lavas-were more prone to suberial decay than those of the compact varieties. 
Nevertheless, I am disposed to attach some value to it, as an index of time. In the 
present instance, for example, it seems to me probable that the lavas in the lower half of 
M‘Leod’s Maiden, where the red layers are very prominent, were poured out at longer 
intervals than those that form the upper half. 

Another characteristic plateau-feature is admirably displayed in Skye—the flatness 
of the basalts and the continuity of their level terraces (though not of individual sheets) 
from cliff to cliff and hill-side to hill-side. This feature may be followed with almost 
tiresome monotony over the whole of the island, north of a line drawn from Loch Brittle 
to Loch Sligachan. Throughout that wide region, the regularity of the basalt-plateau is 
unbroken, except by minor protrusions of eruptive rock, which, so far as I have noticed, 
do not seriously affect the topography. But south of the line just indicated, the plateau 
undergoes the same remarkable change as in Rum, Ardnamurchan, and Mull. Portions 
of it which have survived indicate with sufficient clearness that it once spread south- 
wards and eastwards over the mountainous district, and even farther south into the low 
parts of the island. Its removal from that tract has been of the utmost value to 
geological research, for some of the subterranean aspects of volcanism have thereby been 
revealed, which would otherwise have remained buried under the thick cover of basalt. 
Denudation has likewise cut deeply into the eruptive bosses, and has carved out of them 
the groups of the Red Hills and the Cuillins, to whose picturesque forms Skye owes so 
much of its charm. 

In this, as in each of the other plateaux, there is no trace of any thickening out of 
the basalts towards a supposed central vent of eruption. The nearly level sheets may 
be followed up to the very edge of the great mountainous tract of eruptive rocks, 
retaining all the way their usual characters ; they do not become thicker there either 
collectively or individually, nor are they more abundantly interstratified with tuffs or 
volcanic conglomerates. On the contrary, their very base is exposed around the mountain 
ground, and the thickest interstratifications of fragmentary materials are found at a 
distance from that area. So far as regards the structure of the remaining part of the 


plateau, the eruption of the gabbros and granitoid rocks might apparently have taken 
place as well anywhere further north. 


a 
¥ 
= 
‘ 


100 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


§ 3. Vents or Eruption. 


In the approximate horizontality and regularly stratified arrangement of their 
component beds of lava, the plateaux of Britain resemble those of older Tertiary 
and still earlier date in other volcanic tracts, both in the Old and the New World, 
where the absence of any obvious vents from which the molten material. flowed 
long presented a difficulty to geological students. I have stated that in no one in- 
stance have I been able to discover a trace of any central volcano, whence the sheets of 
basalt in the British plateaux could have proceeded. On the contrary, the uniformity 
of the beds in petrographical character, thickness, and persistent flatness point, I think, 
unmistakably to the occurrence not of a few great volcanoes, but of many minor vents 
breaking out one after another and shifting from district to district. Only by some such 
distribution of the foci of discharge can we account for the continuity and horizontality 
of the basalts that have gradually built up the plateaux. It is one of the most interesting 
points in this volcanic history that, in spite of the enormous geological revolutions that 
have passed since they became extinct, the sites of many scattered vents can still be 
recognised. A far greater number must lie buried under the basalts, and of others the 
positions are concealed by the sea, which now covers so large an area of the old lava- 
fields. Nevertheless, partly on the surface of the plateaux, but still more on the 
surrounding tracts from which the basalts have been removed by denudation, the stumps 
of unmistakable vents of discharge stand out prominently amid the general wreck. 

Obviously it may be difficult to connect these vents directly with the plateau- 
lavas. Qn the one hand, those which project from the surface of the plateaux must, 
of course, be younger than the basalts through which they rise; how much younger we 
cannot tell. They may possibly be later than any of the plateau-sheets ; they may even 
belong to a subsequent and waning condition of volcanic action. On the other hand, the 
vents which can now be traced outside of the present limits of the edges of the plateaux 
may, like those just mentioned, be younger than the -basalt-sheets, or, on the contrary, 
they may be records of a period of eruptivity anterior to the emission of any of the rocks 
of the plateaux, and may have been deeply buried under a mass of basalt-beds 
subsequently removed. Positive demonstration is, from the nature of the case, impossible, 
unless we could find at the foot of the basalt-escarpment a volcanic vent immediately 
connected with some of the beds of the plateau above it.* When, however, we reflect 
that the vents which exist are precisely such as the structure of the plateaux would have 
led us to expect, we may not unreasonably look on them as part of the phenomena of 
this section of the volcanic period. Besides, in some cases, their connection with the 
rocks of the plateaux is as nearly proved as many facts in geology which nobody would 


now dispute. | 


The most convenient classification of these vents is according to the nature of the 


* The instance of Carrick-a-raide, to be immediately referred to, is as near such a positive demonstration as could 
be looked for. 
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material that now fills them. They are either occupied by (a) some form of crystalline 
eruptive rock, or by (6) volcanic agglomerate. | 

(a) Vents filled with Dolerite, Basalt, &c.—These are by far the most numerous, and 
as this is what the composition of the plateaux would lead us to anticipate, the fact may 
be held to confirm the justice of the assumption that these vents were really sources for 
the plateau-lavas. They are perhaps most conspicuously visible in Antrim, both on the 
tableland and on the underlying rocks round its edges. The finest example in that 
district is undoubtedly furnished by the lofty eminence called Slemish, which rises above 
the surrounding basalt-terraces to a height of 1437 feet above the sea (fig. 24). It is 
elliptical in ground-plan, measuring some 4000 feet in length by 1000 in breadth. 
Seen from the north, it appears as a nearly perfect cone. The material of which it 
consists is a coarsely crystalline olivine-dolerite, presenting under the microscope a nearly 
holocrystalline aggregate, in which the lath-shaped felspars penetrate the augite, with 
abundant fresh olivine, and wedge-shaped patches of interstitial matter. The rock is 


Fic. 24.—Slemish, a Volcanic Neck or Vent on the Antrim Plateau, seen from the north. 


massive and amorphous, except that it is divided by parallel joints into large quadrangular 
blocks like a granitic rock, and wholly different from the character of the surrounding 
basalts. The latter, which possess the ordinary characters of the rocks of the plateaux, 
can be followed to within 80 yards of this neck, which rises steeply from them, but their 
actual junction. with it can nowhere be seen, owing to the depth of talus. At the nearest 
point to which the two rocks are traceable, the basalts appear somewhat indurated, break 
with a peculiar splintery fracture, and weather with a white crust. These characters are 
still better shown on abundant fragments which may be picked up among the débris 
further up the slope. There can be no doubt, I think, that a ring of flinty basalt, 
differing considerably in texture from the usual aspect of that rock in the district, 
surrounds the neck. The meaning of this ring will be more clearly seen from the 
description of another example in Mull. About four miles to the north-east of Slemish, 
a smaller and less conspicuous neck rises out of the plateau-basalts. The rock of which 


it consists is less coarsely crystalline than that of Slemish, but its relations to the 
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surrounding volcanic rocks is obviously the same. On the west side of Belfast Lough a 
boss of similar rock, about 1200 feet in diameter, rises at the very edge of the basalt 
escarpment into the eminence known as Carnmony Hill (fig. 25). On its northern side 
it presents along its wall a mass of interposed volcanic agglomerate.* Of the other 
doleritic necks scattered over the surface of the Antrim plateau, I will refer to only one 
which occurs on the hill slopes between Glenarm and Larne. It forms a prominence 
known as the Scawt Hill, and consists of a boss of basalt, which, in rising through a vent 


Fic. 25.—Section of Volcanic Vent at Carnmony Hill (E. Hull). T, Lower basalt ; C, Cretaceous beds ; 
L, Lower Lias ; M, Triassic marls. 


in the plateau-sheets, has carried up with it and converted into marble a large mass of 
chalk which is now exposed along its eastern wall (fig. 26). 

As examples of the similar necks which have been exposed by denudation outside the 
present limits of the plateau, I may allude to those which rise through the Cretaceous 
and other Secondary strata on the northern coast near Ballintoy. One of the most 
striking of these may be seen at Bendoo, where a plug of basalt, measuring about 1400 
feet in one diameter and 800 feet in another, rises through the Chalk, and alters it around 


Fic, 26. —Section of the east side of Scawt Hill, near Glenarm. a, bedded basalt; 5, mass of chalk; c, basalt neck. 


the line of contact (fig. 27). Another remarkably picturesque example is to be seen near 
Cushendall, where a prominent doleritic cone rises out of the platform of Old Red Sand- 
stone, some distance to the north of the present edge of the volcanic escarpment. 

The greater coarseness of grain of the material filling these pipes, compared with that 
of the sheets in the terraces, is only what the very different conditions of cooling and 
consolidation would lead us to expect. There is no essential difference of composition 


* This neck was recognised by Du Noyer in 1868 as “one of the great pipes or feeders of the basaltic flows.” 
See Prof. Hull, Explanation of Sheets 21, 28, and 29, Geol. Survey of Ireland (1876), p. 30. 
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between the two rocks; but we find that where the erupted material has been poured 
out at the surface, it has assumed a finely crystalline texture, while, where it has slowly. 
solidified within a volcanic pipe at some depth beneath the surface, and where con- 
sequently its component crystals have had more time for development, the resulting 
structure is much more largely crystalline, with a more complete development of the 
ophitic structure. 

In the island of Mull, another instance of the same kind of vent has been observed 
and described by Professor Jupp.* It rises in the conspicuous hill, ’S Airde Beinne 
(Sarta Beinn), about two miles south-west from Tobermory, and consists of a coarsely 


a b a 


Fic. 27.—Section of Neck of Basalt, Bendoo, Ballintoy. aa, Chalk ; 6, Neck. 


crystalline dolerite, which becomes rather finer in grain towards the outer margin (fig. 
28). No bedding or structure of any kind beyond jointing is perceptible in it. 
Examined in thin sections under the microscope, this rock is found to be another typical 
ophitic dolerite, consisting of lath-shaped felspars, embedded in augite masses, with here 
and there wedge-shaped portions of interstitial matter and grains of olivine. Dr Hatcu 
observes that the felspars contain spherical inclusions of devitrified glass, filled with black 
granules and trichites and that, under a high power, the interstitial matter is seen to 
consist mainly of greenish-brown isotropic matter, in which are inclosed small crystals of 
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Fig, 28.—Section of Volcanic Neck at ’S Airde Beinne, near Tpbermory, Mull. aa, bedded basalts; 5b, bedded basalts 
altered along the side of vent ; cc, dolerite. 


augite, skeleton-forms and microlites of felspar, sometimes in stellate aggregates, as well 
as club-shaped, cruciform, arrow-headed, and often crested microlites of magnetite. 

Towering prominently above the flat basalt sheets, this neck has an oval form, 
measuring about half a mile in length by a quarter of a mile in breadth. Its central 
portion, however, instead of rising into a rugged hill-top, as in all the other instances 
known to me, sinks into a deep hollow, which is filled with water, and reminds one of a 
true crater-lake, The middle of the neck is thus concealed from view, and we can only 
examine the hard prominent ring of dolerite that surrounds the tarn. That the material 
* Quart. Jour. Geol. Soc., xxx. (1874) p. 264. 
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occupying the hollow must be softer than that of the ring is obvious, for great as is the 
temptation to look on this as a crater-lake, we must admit that what we now see is not 
the original surface, but has been exposed after the removal of possibly hundreds of feet 
of overlying material. The present lake-basin, whether or not it may represent a former 
crater-lake, is undoubtedly due to erosion. Possibly some more easily removable 
agglomerate may here occupy the centre of the volcanic pipe. 

One of the most interesting features of. this vent is to be found in its relation to the 
surrounding basalts. The marginal parts of the rock along the line of contact are much 
finer in grain than the rest, and have obviously cooled more rapidly. The contrast 
between them and the ordinary dolerite of the centre, however, cannot be properly 
understood, except in thin sections under the microscope. Dr Hatcu observes that, in 
place of the structure above described, the marginal parts show an absence of the ophitic 
grouping except in small isolated patches. Instead of occurring in large grains or plates 
enveloping the felspars, the augite is found in numerous small roundish grains, together 
with grains of magnetite, in equal abundance and of similar size. The felspars are 
spreckled over with opaque particles; olivine was not detected. 

_ For miles around the vent, the plateau-rocks are of the usual type—black, compact, 
sometimes amygdaloidal, alternating with more coarsely.crystalline decomposing bands, 
the separation between different sheets being often marked by the ordinary red ferruginous 
partings. But around the margin of the neck, they have undergone a remarkable meta- 
morphism. The portions of them which adhere to the outer wall of the neck have lost 
their distinct bedding, and have been, as it were, welded together into an indurated 
compact, black to dull-grey rock, so shattery and jointed that fresh’ hand-specimens, 
three-or four inches in length, are not easily obtainable. Especially marked is one set of 
joints which, running approximately parallel, cause the rock to split into plates or slabs. 
These joints are sometimes curved. Yet, in spite of the-alteration from its normal 
character, the basalt retains in places some of its more usual external features, such, for 
instance, as its amygdaloidal structure, the amygdules consisting of calcite, finely acicular 
mesotype, and other minerals. 

Examined under the microscope, this altered basalt presents “a confused aggregate of 
colourless microlites (felspar ?) and innumerable minute granules of magnetite, these two 
constituents being very unequally distributed. Sometimes the colourless portions pre- 
ponderate, in other places the opaque granules are heaped together in black patches, 
which may possibly mark the position of fused augites” (Dr Hatcn). 

In the zone of contact-metamorphism around some of the volcanic pipes in the 
plateaux, we see changes analogous to, but less developed than, those which have been 
superinduced on so large a scale round the great eruptive bosses of gabbro, granophyre, 
&c., that have broken up the terraced basalts along the west coast of Scotland. I shall 
accordingly return to this subject in connection with the phenomena presented by these 
younger rocks. 


(b) Vents filled with Agglomerate-—Though much less frequent than the necks of 
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dolerite, those filled with fragmentary materials bring before us, perhaps more vividly, 
the voleanic conditions in which they were formed. The agglomerate is generally 
exceedingly coarse, and without any trace of structure. Blocks of all sizes up to masses 
some yards in length, and of the most diversified materials, both volcanic and non-volcanic, 
are dispersed confusedly through a granular paste of similar miscellaneous composition. 
One of the most instructive examples has been already alluded to as occurring at the 
island of Carrick-a-raide, on the north coast of Antrim. It forms that island, and a 
portion of the opposite mainland. Its visible mass is about 1000 feet in diameter, but 
the boundaries, except on the land side, are concealed by the sea. The material filling 
up this vent is a coarse agglomerate, in which blocks and bombs of basalt, with pieces of 
chalk and flint, are stuck at all angles in a dull dirty-green granular tuff. Some large 
and small intrusions of basalt rise through it. Owing partly to these intrusions, and 
partly to the grass-covered slope that separates it from the line of cliff, the actual contact 
of this neck with the volcanic beds of the escarpment cannot be seen. I have no doubt, 
however, that the tuff, which has already been referred to as so conspicuous a member of 


Fic. 29.—Diagram to show the probable relation of the Neck at Carrick-a-raide, Antrim, to an adjacent group of Tuffs. aa, 
Chalk ; bb, Lower group of bedded basalts ; c, Vent of Carrick-a-raide, filled with coarse volcanic agglomerate ; dd, bedded 


tuffs ; ce, large veins of basalt traversing the agglomerate; ff, zone of tuffs and pisolitic iron ore; gg, Upper group of 
bedded basalts. 


the series here, was discharged from this vent.* The materials are as usual coarser in 
the pipe than beyond it, but the finer portion or matrix of the agglomerate is similar to 
many bands of the tuff. The structure of the locality may be diagrammatically repre- 
sented as in fig. 29. The bedded tuff is thickest in the neighbourhood of the vent, and 
gradually dies away on either side of it. 

But another important inference may be drawn from this locality. I have already 
pointed out that the lower basalts here reach their minimum thickness. Their basement 
beds thin away towards the vent as markedly as the tuff thickens. Obviously they 
cannot have proceeded from that point of eruption. Yet, that they had begun to be poured 
out before the discharge of the tuff, is shown by their underlying as well as overlying that 
rock, though westward, owing to the thinning away of the undermost basalts, the tuff 
comes to lie directly on the Chalk. Hence, we may legitimately infer the existence of one 
or more other vents in the neighbourhood that supplied the sheets of the lower basalts. 

In the promontory of Ardnamurchan, where the basalt-plateau has been so obscured 


* See Explanation of Sheets 7 and 8, Geol. Survey of Ireland (1888), p. 31. 
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by later intrusions of crystalline rocks and reduced to such a fragmentary condition by 
denudation, some interesting examples of agglomerate necks have been laid bare. The 
largest of these occurs on the north shore at Faskadale. Cut open by the sea for more 
than a quarter of a mile, this neck is seen to be filled with a coarse agglomerate, composed 
mainly of basalt-blocks and débris, but crowded also with angular and subangular pieces 
of different close-grained felsitic and porphyritic rocks belonging to the acid series to be 
afterwards described.* Some of these stones exhibit a very perfect flow-structure, and 
closely resemble certain fine-grained flinty intrusive rocks in Mull, to which allusion will 
subsequently be made. The matrix of the agglomerate is of the usual dull dirty-green 
colour, but is so intensely indurated that on a fresh fracture it can hardly be distinguished 
from some of the crystalline rocks of the locality. The neck is pierced in all directions 
with dykes and veins of basalt, dolerite, gabbro, and felsitic rocks. Similar intrusions 
continue and increase in numbers further west until the cliffs become a labyrinth of dykes 
and veins running through a mass of rock which appears to consist mainly of dull dolerites 
and fine gabbros. Though the relations of this vent to the plateau-basalts are not quite — 
plain, the agglomerate seemed to me to rise out of these rocks. At least the basalts extend 
from Achateny to Faskadale, but, as they are followed westwards, they are more and 
more invaded by eruptive sheets, and assume the indurated character to which I have 
already referred. 

On the south side of the peninsula of Ardnamurchan, another neck, noticed by 
Professor JuDD, rises into the bold headland of Maclean’s Nose, at the mouth of Loch 
Sunart, and affords better evidence of its relation to the bedded basalts. It measures 
about 1000 yards in length by 300 in breadth, and its summit rises more than 900 feet 
above the sea, which washes the base of its southern front. It is filled with an agglo- 
merate even coarser than that on the northern coast. The blocks are of all sizes, up to 
eight or ten feet in diameter. By far the largest proportion of them consists of varieties 
of basalt, slaggy and vesicular structures being especially conspicuous. There are also 
large blocks of different porphyries and felsitic rocks like those just referred to, a 
porphyry with felspar crystals two inches long being particularly abundant. All the 
stones are more or less rounded, and are wrapped up in a dull-green compact matrix of 
basalt-débris. There is no stratification or structure of any kind in the mass. Numerous 
dykes or veins, some of basalt, others of a porphyry, resembling that of Craignure, in 
Mull, traverse the agglomerate. 

The position of this vent, with reference to the surrounding rocks, will be best 
understood from the map (Plate I.), and from the subjoined section (fig. 30). On the 


* One of these felsites when viewed under a high magnifying power is seen to present an abundant development of 
exceedingly minute micropegmatite arranged in patches and streaks parallel with the lines of fluxion structure in the 
general cryptocrystalline ground mass. The close relationship between the felsites, quartz-porphyries, and grano- 
phyres will be afterwards pointed out in the description of the acid rocks. It is remarkable that, though these rocks 
occur abundantly in fragments in the volcanic necks and agglomerates of the plateaux, not a single instance has been 
observed of their intercalation as contemporaneous sheets among the basic lavas. An analogous case of the interstratifi- 
cation of felsitic tuffs among basic lavas occurs in the volcanic series of the Old Red Sandstone of central Scotland. 
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eastern side, the agglomerate can be seen to abut against the truncated ends of the flat 
beds of the plateau-basalts, which are of the usual bedded compact and amygdaloidal 
character. There can be no doubt, therefore, that the vent has been opened through these 
basalts. But it will be observed that the latter belong to the lower part of the volcanic 
series. These lowest sheets are exposed on the slope, resting upon yellowish and spotted 
grey sandstone, with seams of jet and a reddish breccia, which, lying in hollows of the 
quartzites, quartz-schists, and mica-schists, form no doubt the local base of the Jurassic 
rocks of the district. Hence, the vent, though younger than the older sheets of the 
plateau, may quite well be contemporaneous with some of the later sheets. 

An interesting feature at this locality is the peculiar grouping of some of the large 
dykes in the area around the agglomerate. They run in the direction of the vent, and 
one or other of them may represent the fissure or fissures on which the volcanic orifice 
was blown open to the surface. Another notable element in the geological structure of 
the ground is the vast amount of intrusive material, both in dykes and sheets, which has 
been erupted. The intrusive sheets of Ben Hiant form the most prominent eminence in 
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Fic. 30.—Section of agglomerate Neck at Maclean’s Nose, Ardnamurchan. aa, Quartzites and schists; b, bedded basalts 
lying partly on the schists and partly on patches of Jurassic sandstones that occupy hollows of the older crystalline 
rocks ; c, agglomerate; dd, dykes and veins traversing the agglomerate; ¢, dolerite sheets of Ben Hiant. 


this part of Ardnamurchan. Reserving them for description in a later part of this 
memoir, I will only remark here that they partly overlie the agglomerate, and are there- 
fore to some extent at least younger than the vent. They belong to that late stage in 
the history of the basalt-plateaux when the molten material, no longer getting ready 
egress to the surface, forced its way among the rocks about the base of the bedded basalts, 
and more especially on the sites of older vents, which were doubtless weak places, where 
it could more easily find relief. 

By far the largest mass of agglomerate in any of the Tertiary volcanic areas is that 
which occurs on the north side of the main valley of Strath, in Skye.* Unfortunately, 
it has been so seriously invaded by the eruptive rocks of the group of the Red Hills, that 


* This extensive mass was not separated from the “syenite” of the Red Hills by MaccuLtocH. VoN OEYNHAUSEN 
and Von DEecHEN noticed it as a conglomerate with quartz pebbles, but did not realise its volcanic nature (Karsten’s 
Archiv, i. p. 90). In my map of Strath (Quart. Jour. Geol. Soc., xiv. plate i.) I distinguished it from the rock of the 
Red Hills, but no name for it appears in the legend of the map, nor is it referred to in the text. Its character as a true 
volcanic agglomerate was recognised by Professor Jupp, Op. cit., p. 255. See Plate II. of the present memoir. 
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its original dimensions and its relations to the surrounding rocks, especially to the bedded 
basalts, are much obscured. It can be followed continuously from the lower end of Loch 
Kilchrist along the southern slopes of Beinn Dearg Bheag round to the western roots of 
Beinn Dearg Mhor—a distance of more than two miles in a straight line, and from 
Kilbride to the flank of Beinn na Caillich above Coire-chat-achan—a direct distance of 
two miles and a quarter. A similar rock, possibly a portion of the same mass, appears in 
Creagan Dubha, on the north side of the Red Hills. If the whole of this agglomerate 
forms part of one originally continuous mass, the vent must have been upwards of two 
miles in diameter. ‘There may, however, have been two or three closely adjacent vents. 
The Beinn na Caiilich patch, for example, appears to belong to a different area, and that 
of Creagan Dubha may also be distinct. But there seems no reason to doubt that the 
mass which forms Cnoc nam Fitheach, and all the long declivity on the southern flank of 
Beinn Dearg Bheag, occupies part of the site of a single volcanic funnel, which was 
almost two miles in diameter. 

This agglomerate is a coarse tumultuous assembage of blocks and bombs, embedded 
in the usual dull, dirty-green matrix. Among the stones, scoriaceous, vesicular, and 
amygdaloidal basalts are specially abundant; also pieces of various quartz-porphyries, 
among which a black felsite like that of Mull ‘may often be recognised. In some places, 
large masses of altered Lower Silurian limestone and quartzite are included ; in others, 
pieces of yellow sandstone and dark shale (Jurassic). The rock is wholly without strati- 
fication or structure of any kind. On the north-west side of Loch Kilchrist, indeed, it 
weathers into large tabular forms, the parallel surfaces of which dip to 8. W. ; but this is 
probably due only to jointing. Here and there, dykes of basalt cut the rock in a general 
north-westerly direction, but their number is remarkably small when compared with the 
prodigious quantity of them in the limestone at the bottom and opposite side of the 
valley, some of which may possibly mark the fissure of the vent. More abundant and 
extensive are the masses of granophyre that rise more particularly along the outer margin 
of the vent. These are doubtless connected with the great boss that forms the Red 
Hills, of which further details will be given in a subsequent section of the paper. 

The important question of the relation of this huge vent to the plateau-basalts does 
not admit of satisfactory treatment, owing to destruction of the evidence by the 
intrusion of the granophyre and likewise to enormous denudation. Nevertheless, some 
traces still remain to indicate that the basalts once stretched over the site of the vent, 
which probably rose through them. Looking westward from the flanks of Beinn Dearg 
Bheag to the other side of Loch Slapin, the geologist sees the bold basalt-escarpment of 
Strathaird presenting its truncated beds to him at a distance of only two miles. That 
these beds were once prolonged eastwards beyond their present limits is obvious, and that 
they stretched at least over these two intervening miles can hardly be doubted. But we 
can still detect relics of them on the flanks of Beinn Dearg. As we follow the agglomerate 
round the margin of the granophyre that mounts steeply from it, we lose it here and 
there under beds of amygdaloidal basalt. The rocks next the great eruptive mass of the 
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mountain are so indurated and shattered that it is difficult to separate them from each 
other and determine their relative positions. But, so far as I could ascertain, these 
basalts are fragments of beds that overlie the agglomerate (fig. 31). This is not the only 
place along the flanks of the Red Hills where portions of the 
bedded basalts have survived. Other localities will be sub- 
sequently alluded to. 

The great vent of Strath has been drilled through the 
Lower Silurian limestone, and as the result of protracted 
denudation it now towers steeply five or six hundred feet 
above that formation on the floor of the valley. Of the 
material discharged from it over the surrounding country no Fic. 31.—Diagram to show the 
certain trace now remains. We may infer from the nature of ee kh eee 


on the southern flank of Beinn 


the rock which fills it that towards the end, if not from the Dearg Bheag. a, agglomerate; 
beginning of its activity, its discharges consisted mainly of 
dust and stones. A crater, of which the pipe was two miles in 
diameter, must surely have sent its fragmentary materials far and wide over the sur- 
rounding region. But on the bare platform of older rocks to the south not a vestige 
of these erupted materials can now be found. Westward the escarpment of Strathaird 
remains to assure us that no thick showers of ashes fell at even so short a distance as two 
miles, either before or during the outpouring of the successive basalt sheets still remaining 
there. We may therefore conclude with some confidence that here, as at Ardnamurchan, 
the vent must be younger than at least the older parts of the basalt-plateau. Unfortun- 
ately the uprise of the large bosses of granophyre that stretch from the Red Hills to Loch 
Sligachan has entirely destroyed the vent and its connections in that direction. There 
is no certain proof that any molten rock ever issued from this orifice, unless we suppose 
_ the fragmentary patches of amygdaloid on the southern flank of Beinn Dearg Bheag to 
be portions of flows that proceeded from this centre of eruption. I have little doubt that 
the basalt-plateau which still remains in Strathaird formerly extended eastwards over 
Strath and northwards across the site of the Red Hills and Cuillins, joining on to 
the continuous tableland north of Lochs Brittle and Sligachan. How much of the 
plateau had been built up here before the outburst of the vent can hardly be conjectured. 
The agglomerate may possibly, of course, belong to the very latest period of the plateau- 
eruptions, or even to a later phase of Tertiary volcanic history. The impression, however, 
made on my mind by a careful study of the evidence from this and the other districts is 
that the necks of agelomerate, like those of dolerite and basalt, really belong to different 
epochs of the plateau period ; that they mark for us some of the vents from which the 
materials of the plateaux were emitted. 

The example of Carrick-a-raide is peculiarly suggestive when we regard it in 
connection with the great Strath vent. Already the progress of denudation has removed 
at least half of the layer of dust and stones which, thrown out from that little orifice, fell 


over the bare chalk-wolds and black basalt-fields of Antrim. The neck that marks the 
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position of the voleanic funnel has been largely cut away by the waves, and is almost 


entirely isolated among them. But the march of destruction has been greater in Skye. | 


The connection between the vent and the materials ejected from it has been entirely 
removed, and we can only guess from the size of the remaining neck what may have been 
the area covered by the discharges from this largest of all the voleanic cones of the Inner 
Hebrides. 

In bringing this part of my subject to a close, I would repeat that the distinctive 
characters of the basalt-plateaux lead us to seek the modern analogies to these volcanic 
phenomena, not in large central cones discharging streams of lava in different directions 
like Vesuvius or Etna, but in those basalt-regions where the lavas have issued from 
innumerable minor and sometimes almost imperceptible vents.* I have already referred 
to a journey made by me in 1879 through some of the vast basalt-fields of Western 
America, aud to the light which I thereby gained on the history of the youngest volcanic 
tracts of Britain. The basalt of Idaho stretches out as a vast and apparently limitless 
plain. Along its northern boundary, this sea of black lava runs up the valleys and round 
the promontories of the older trachytic hills, with almost the flatness of a sheet of water. 
It has been deeply trenched, however, by the streams that wind across it, and especially 
by the Snake River, which has cut out a gorge some 700 fect deep, on the walls of which 
the successive beds of basalt lie horizontally one upon another, winding along the curving 
face of the precipice exactly as those of Antrim and the Inner Hebrides do along their 
sea-worn escarpments. Here and there, a low cinder-cone on the surface of the plain 
marks the site of a late outflow. One is struck, also, with the singular absence of tuffs 
and volcanic conglomerates. The basalts appear to have flowed out stream after stream 
with few fragmentary discharges. 

These characteristic features of one distinctive type of volcanic action have been 
repeated over a vast region, or rather a whole series of regions, in Western Americéa, the 
united area of which must equal that of a considerable part of Europe. From Idaho, the 
basalt-fields may be followed southwards interruptedly into Utah and Nevada, and across 
the great plateau-country of the cafions into Arizona and New Mexico, northwards into 
Montana, and westwards into Oregon. The tract which has as yet been most carefully 
traversed and described is probably that of the high plateaux of Utah and Arizona. 
Thus on the Uinkaret plateau, which measures some 45 to 50 miles in length by 8 to 12 
in breadth, a thick sheet of basalt has been spread consisting of many successive flows. 


* In this connection I may again refer to Hopkins’s Researches in Physical Geology, where the conditions of the prob- 
lem here discussed have been distinctly realised. Speaking of the ejection of lava from a number of fissures, he remarks 
that the imperfect fluidity of the melted material “ would seem to require a number of points or lines of ejection as a 
necessary condition.” “If there were only a single centre of eruption, a bed of such matter approximating to uniformity 
of thickness, could only be produced on a surface of a conical form.” ‘“ Where no such tendency to this conical structure 
can be traced, it would probably be in vain to look for any single centre of eruption. On the supposition, too, of 
ejection through continued fissures, or from a number of points, that minor unevenness of surface which must probably 
have existed under all circumstances during the formation of the earth’s crust, would not necessarily destroy the 
continuity of a comparatively thin extensive bed of the ejected matter, in the same degree in which it would inevitably 
produce that effect in the case of central ejection” (Cambridge Pil. Trans., vi. (1835), p. 71). 
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Between 160 and 170 separate cones have been counted on this area, most of them quite 
small, mere low mounds of scoriz, though a few reach a height of 700 or 800 feet, with a 
diameter of a mile. From three to seven or eight may be found in a row, as if springing 
from a single line of fissure. But generally the grouping is quite irregular.* My friend 
Captain C. E. Durroy, from whose admirable memoir these details are quoted, remarks 
further that among the Utah plateaux no trace of a cone is to be found at or near some 
of the most recent basalt-fields, and that the most extensive outpours are most frequently 
without cones. ‘‘ The lavas,” he adds, ‘appear to have reached the surface and over- 
flowed like water from a spring, spreading out immediately and deluging a broad surface 
around the orifice.” t The deep gorges cut by the rivers through these thick accumulations 
of horizontal or nearly horizontal basalts, have here and there revealed the parallel dykes 
that traverse the rocks, and in at least one case have shown the dyke running for half a 
mile up a cliff and actually communicating with a crater of scoriz at the top.{ Again, 
in New Mexico, Captain Dutton noticed vast tracts of younger basalt, about which “‘a 
striking fact is the entire absence of all distinguishable traces of the vents from which 
they came. Some of them, however, indicate unmistakably their sources in small 
depressed cones of very flat profiles. No fragmental ejecta (scorie, lapilli, &c.) have been 
found in connection with these young eruptions.”§ Such I believe to have been the 
general conditions under which the basalts of the Tertiary plateaux of the British Isles 
were also erupted. 


\ 4. InrrusivE SHEETS oR SILLS OF THE PLATEAUX. 


There is one further part of the structure of the basalt-plateaux of which some 
account must now be given.’ In a former paper, I have shown that at different parts of 
the basalt series, but especially at their base and among the stratified rocks underneath 
them, sheets of basalt and dolerite occur which, though lying parallel with the strati- 
fication of the volcanic series, are not truly bedded masses, but are intrusive sills, 
and therefore of younger date than the rocks between which they lie.|| The non- 
recognition of their intrusive and subsequent nature led to these sheets being 
regarded as proofs of the intercalation of volcanic beds in the Jurassic series of western 
Scotland. There is, however, not the least trace of the true interstratification of a 
voleanic band in any part of that series, every apparent example being due to the 
way in which intrusive shects simulate the characters of contemporaneous flows. 

If such sheets had been met with only at one or two localities, we might regard them 
as due to some mere local accident of structure in the overlying crust through which the 
erupted material had to make its way. But when we find them everywhere, from the 


*0 E. Dutton, “ Tertiary History of the Grand Cafion District,” U.S. Geol. Survey (1882), p. 104, 
t C. E. Durroy, “Geology of the High Plateaux of Utah,” U.S. Geol. Survey of the Rocky Mountain Region (1880), 
pp- 198, 200. See also pp. 232, 234, 276 of the same Monograph for additional examples. 
t Tertiary History of the Grand Caiion, &c., p. 95. 
§ Nature, xxxi. (1884) p. 89. 
|| Quart. Jour. Geol. Soc., xxvii. (1871) p. 296. 
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far headlands of Skye to those of Antrim, it is obvious that they must be due to some 
general cause, and that they contain the record of a special period or phase in the building 
up of the voleanic tablelands. I will first describe some typical examples of them from 
different districts, and then discuss their probable relations with the other portions of 
the plateaux. 

First to be examined, and now most familiar to geologists, are the remarkable sheets 
that underlie the plateau of Antrim, and project at various parts of the picturesque 
line of coast from Portrush to Fair Head. From the shore at Portrush came the evidence 
that was supposed to prove basalt to be a rock of aqueous origin, inasmuch as shells were 
obtained there from what was believed to be undoubtedly basalt. The long controversy 
to which this supposed discovery gave rise is one of the most curious in the history of 
geology.* Fellows of this Society have cause to remember with pleasure that it was one 
of their predecessors, the illustrious PLAyrair, who showed the pretended basalt to be in 
reality highly indurated shale, and hence that, instead of furnishing proof of the aqueous 
formation of basalt, the Portrush sections only contributed another strong confirmation of 
the Huttonian theory, which claimed basalt to be a rock of igneous origin. 

It is now well known that the rock which yielded the fossils is a Liassic shale, that 
it is traversed by several sheets of eruptive rock, and that by contact-metamorphism it 
has been changed into a highly indurated substance, breaking with a splintery, conchoidal 
fracture, but still retaining its ammonites and other fossils. The eruptive material is a 
coarse, distinctly crystalline dolerite, in some parts of which the augite with its penetrating 
lath-shaped crystals of plagioclase is remarkably fresh, while the olivine has begun to 
show the serpentinous change along its cracks. t This rock has been thrust along the 
bedding planes of the shales, but also breaks across them, and occurs in several sheets, 
though these may all be portions of one subterranean mass. Some of the sheets are only 
a few inches thick, and might at first be mistaken for sedimentary alternations in the 
shale. But their mode of. weathering soon enables the observer readily to distinguish 
them. It is to be noticed that these thin layers of eruptive material assume a fine grain, 
and resemble the ordinary dykes of the district. This closeness of texture, as GRIFFITH 
long ago pointed out, f is also to be noticed along the marginal portions of the thicker 
sheets, where they lie upon or are covered by the shales. But away from the surfaces of 
contact, the rock assumes a coarser grain, insomuch that in its thickest mass it presents 
crystals measuring sometimes an inch in length, and then externally resembles a gabbro. 
A more curious structure is shown in one of these coarsely crystalline portions by the 
occurrence of a band a few inches broad which is strongly amygdaloidal, the cells, some- 
times three inches or more in diameter, being filled with zeolites.§ The general dip of 


* For an excellent summary of it and an epitome of the descriptions of the Portrush section, see the Report on the 
Geology of Londonderry, &c., by J. E. PortTLock (1843), p. 37. 

+ Dr F. Hatcn, Explanation of Sheets 7 and 8, Geol. Survey of Ireland, p. 40. 

t “ Address to Geological Society of Dublin, 1835,” p. 13, Jour. Geol. Soc. Dublin, vol. i. The varieties of the 
Portrush rock were described by the late Dr OLDHAM, in Portlock’s Report on the Geology of Londonderry, p. 150; see 
also the same work for Portlock’s own remarks, p. 97. 

§ For a list of the minerals in this rock, see OLDHAM, op. cit., p. 151. 
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the shales and of the intrusive sheets which have been injected between them is towards 
the east. From underneath them a thick mass of dolerite rises up to form the long 
promontory that here projects northwards from the coast-line, and is prolonged seawards 
in the chain of the Skerries. 

An interesting feature of the Portrush sections is the clear way in which they exhibit 
the phenomena of segregation-veins—so characteristic of the thicker and more coarsely 
crystalline intrusive sheets. These veins or seams differ from the rest of the rock mainly 
in the much larger size and more definitely crystalline form of their component minerals. 
Though sharply defined, when looked at from a little distance, they are found on closer 
inspection to shade into the surrounding rock by a complete interlacing of crystals. 
On the shore, they can be seen to lie on the whole parallel with the bedding of the sheets 
in which they occur, but without rigidly following it, since they undulate and even 
ramify. A good section across their dip has been exposed in a quarry near the end of 
the promontory, and shows that they are considerably less regular than the plan of their 


\_ 


Fic, 32.—View of Segregation Veins in dolerite of an Intrusive Sheet, Portrush, Antrim. 


outcrop on the shore would have led us to anticipate. The accompanying drawing (fig. 
32) represents the veins laid bare on a face of rock 9 feet in length by 5 feet in height. 
It will be seen that while there is a general tendency to conform to the dip-slope, which, 
is here from right to left, the seams or layers unite into a large rudely bedded mass, 
which sends out processes across the bedding. The peculiar aggregation of minerals 
which distinguishes such segregation veins is perhaps best seen at Fair Head, and I 
reserve for the description of that locality what-I have to say on the subject, only 
remarking with regard to the Portrush rock that the felspar shows a disposition to collect 
in the centre of the veins with the augite and the other dark minerals at the outer 
margins. 

The contact-metamorphism at this locality is of more historical interest in connection 
with the progress of geological theory than of scientific importance. It consists mainly 
in an intense induration of the argillaceous strata. These pass here from their usual 
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condition of fissile, laminar, dull, dark shales into an exceedingly compact, black, flinty 
substance, which in its fracture, colour and hardness reminds one of Lydian stone. Yet 
the ammonites and other organic remains have not been destroyed. They are preserved 
in pyrites. 

Of all the examples of intrusive sheets of Tertiary age in Britain there is none more 
imposing than that of the noble range of precipices which form the promontory of 
Fair Head. Leaving out of account the minor masses of eruptive rock which occur - 
underneath it, we find the main sheet to extend along the coast for nearly four miles, 4 
to rise to a height of 636 feet above the sea, and to attain a maximum thickness of 250 oa 
feet. This enormous bed dies out rapidly both to the east and west, and seems also to ee 
thin away inland. Seen from the north, it stands upon a talus of blocks as a sheer ee 


the talus slope. 


vertical wall, 250 feet high, and the rude prisms into which it is divided are continuous 
from top to bottom (fig. 33). So regular is this prismatic structure, and so much does 
it recall the more perfect columnar grouping of the basalts, that at a little distance we 
can hardly realise the true scale of the structure. It is only when we stand at the base 
of the cliff or scramble down its one accessible gully, the ‘Grey Man’s Path,” that we 
appreciate how long and thick each of the prisms actually is. 

The rock composing this magnificent sheet is a coarsely crystalline, ophitic, olivine- 
dolerite.* The same diminution of the component crystals, which is so marked along the 


* Professor Jupp has described what he calls a “glomero-porphyritic structure” in this rock (Quart. Jour. Geol. 
Soc., xlii. (1886) p. 71). 
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Fic. 33.—View of Fair Head from the East, showing the main upper intrusive sheet and a thinner sheet cropping out along ae 
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margins of the eruptive masses at Portrush, is strikingly exhibited at Fair Head. For 
about 18 or 20 inches upward from the bottom, where the bed rests on the black, 
Carboniferous shales, the dolerite is dark and finely crystalline, weathering spheroidally 
in the usual manner. But immediately above that bottom layer of closer grain the 
normal coarsely crystalline texture rapidly supervenes. A similar closeness of grain 
is observable at the surfaces of contact where the sheet splits up on its western 
border. 

Nowhere, so far as I know, can the phenomena of segregation veins be so instructively 
studied as along the abundant exposures of this great sheet. The veins are most conspicu- 
ous where the rock occurs in thickest mass. They vary up to three or four feet in thick- 
ness, and, as at Portrush and elsewhere, lie on the whole parallel to the upper and under 
surfaces of the sheet. An erroneous impression may be conveyed by the term “ veins ” 
applied to them. They are quite as much layers, parallel on the whole with the bedding 
of the sheet, yet not adhering rigidly to one plane, but passing across here and there 
from one horizon to another. That they are not due to any subsequent protrusion of 
younger material through the main sheet is made manifest by the thorough interlocking 
of their component crystals with those of the body of the rock in which they lie. They 
consist of an exceedingly coarse aggregate of crystals, or rather of crystalline lumps of 
the minerals that constitute the general mass of the rock, the felspar and augite showing 
the ophitic intergrowth of the main rock, but on a far larger scale. Some of the pieces 
of augite measure two inches or more in diameter. 

This great Fair Head sheet lies upon Carboniferous strata, but that it is to be classed 
with the Tertiary volcanic series is, I think, demonstrated by its relations to the Chalk at 
its eastern end. It has there broken through that rock, and converted it for a short 
distance into a white, granular marble. But it is at the western side that the most 
interesting sections occur to show the truly intrusive nature of the mass. The rock there 
splits up into about a dozen sheets, which, keeping generally parallel with each other, have 
forced their way between and partly across the bedding planes of the Carboniferous 
shales (fig. 34). In this way the huge, unbroken mass, 250 feet thick, subdivides itself 
and disappears in a few hundred yards, though it continues a little further inland, and 
approaches the shore again half a mile to the south-west. Further evidence of the 
intrusive nature of this rock may be observed along the base of the precipice, where at 
least one sheet 70 feet thick diverges from the main mass and runs eastwards between 
the Carboniferous shales (fig. 33). At the contact with the eruptive rock the shales are 
everywhere much indurated. 

All through the Inner Hebrides the base of the basalt series generally presents 
abundant examples of intrusive sheets. I have already alluded to this fact as an 
explanation of the conclusion to which geologists were led, that in Skye and elsewhere 
the basalts are interstratified with the Jurassic rocks, and are consequently of Jurassic age. 
It was Maccuttocu who first described and figured in detail these proofs of intrusion. 
His well-known sections in plate xvii. of the illustrations of his work on the Western 
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Islands have been repeatedly copied, and have served as typical figures of intrusive 
igneous rocks. 

Though none of the examples in the Inner Hebrides attain the dimensions of the Fair 
Head sheet, still they present a much greater variety of rock and of geological structure 
than is to be foundin Antrim. I have already referred to the base of the thick, overlying, 
basalt-plateaux in Scotland, as a horizon along which a prodigious quantity of eruptive 
material has subsequently been injected. Part of this material consists of basic rocks 
in the form of dykes, veins, or sills; part of it is included in the acid group, and 
comprises veins, sheets, and bosses of granitoid, felsitic, rhyolitic, trachytic, and pitch- 
stone rocks. With regard to the basic sheets (dolerites, basalts, &c.) which occur on this 
horizon, I would remark that while in western Scotland the Antrim type is also found, 
the vast majority of the sheets belongs to a quite distinct type. For the sake of 
continuity, I may first describe some examples of the occurrence of thick, coarsely 
crystalline, rapidly diminishing sills like those of the north coast of Antrim. 


| 


Fic, 34.—Section at Farragandoo Cliff, west end of Fair Head, showing the rapid splitting up and dying out of an Intrusive 
Sheet. a, Carboniferous sandstone; 6, Carboniferous shale; c, intrusive sheet. 


On the coast of Skye, between Lochs Slapin and Eishort, the prominent headland of 
Suisnish has long been known to geologists from the section of it given by MaccuLLocu 
as an instance of the connection between overlying rocks and dykes. I have already 
alluded to it in that relation, and refer to it again as an example of one of the thicker 
intrusive sheets of the Inner Hebrides. Denudation has proceeded so far in that district 
of Skye that the whole of the volcanic plateau has been stripped off, and we have only 
some of the underlying sills left, with the platform of older rocks between which and the 
vanished basalts they were injected. Most of these sills consist of granophyres belonging 
to the acid group of rocks to be afterwards described. But among them there occur true 
dolerite sheets not infrequently interposed between the granophyres and the subjacent 
Lias, and sometimes even intercalated in the former rock. Though at first sight it might 
be thought that these sills had insinuated themselves after the eruption of the granophyre, 
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and there are instances where this cannot be shown not to be the case, I have obtained 
so many proofs of the invasion of the basic by the acid rock that I have no doubt the 
former is as a general rule the older of the two. The Suisnish headland exhibits the 
structure represented in fig. 14. For about 300 feet above the sea-level the steep grassy 
slope shows outcrops of the dark, sandy shales and yellowish brown, shaly sandstones 
of the Lias which form the range of cliffs to the eastward. These gently inclined 
strata are cut through by many vertical basalt-dykes, some of which intersect each other, 
but among which by far the largest is the mass shown in the figure. This broad dyke 
consists of a dolerite, the largely crystalline texture of which marks it off at once from 
the others, which are of the usual dark, heavy, fine-grained type, with an occasional 
andesitic and porphyritic variety. Traced up from the sea-margin, the dyke loses itself 
in a talus of blocks from the cliff above, so that its actual junction with the mural front 
of the sill cannot be seen. But that it joins that mass, with which it agrees in petro- 
graphical characters, hardly admits of question. The cliff consists of a thick sheet of 
coarsely crystalline dolerite (c in fig. 14), which in its general aspect at once recalls the rock 
of Fair Head. It varies considerably in texture, some parts of the mass are exceedingly 
coarse, like the Skye gabbros, and present a fibrous structure in their augite resembling 
that of the diallage in these rocks ; other portions assume the compactness of basalt. A 
specimen of medium grain under the microscope shows the typical ophitic structure so 
generally found among the dolerites both of the plateaux and of the intrusive sheets. 
This sill must be about 200 feet thick, and like the rock at Fair Head is traversed from 
top to bottom by joints that divide it into prisms. It appears to bifurcate eastward, one 
portion running with a tolerably uniform thickness of a few feet as a prominent band at 
the top of the shales and sandstones, the other slanting upwards and gradually thinning 
away in the granophyre. 

Towards its base, near the contact with the underlying shales, the rock as usual 
becomes finer grained, and the thin band just referred to resembles in texture one of the 
wider basalt-dykes. Westwards the rock can be followed round the top of the grassy 
slopes formed by the decay of the shales. Though concealed by intervals of moorland 
and peat, it is visible in the stream sections, and I think must be continuous, as a band 
only a few yards thick, round the northern side of the hills as far as Beinn Bhuidhe, 
where a similar sill makes a prominent crag. Its total area measures a mile and a quarter 
in length by half a mile in breadth. The granophyre which overlies it forms part of an 
interesting series of sheets which I have traced all the way from Suisnish to the braes 
above Skulamus. 

Whether or not the whole sheet of basic rock is continuous, and whether it all 
proceeded from the great Suisnish dyke, cannot be confidently decided, though from the 
great thickness of the sill at the dyke, its attenuation outwards from that centre and its 
uniformity of petrographical character, I am disposed to answer affirmatively. There is 
no other probable vent to be seen in the neighbourhood, unless a massive dyke that runs 


from Loch Fada north-westwards into Glen Boreraig can be so regarded. 
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Another example of the thicker type of sills may be selected from the promontory 
of Ardnamurchan.* The general form and position of this mass will be understood from 
the small map in Plate I. Forming the rugged shore for three quarters of a mile, it slopes 
thence inland in a series of rocky knolls, which in rather less than a mile culminate in the 
summit of Ben Hiant, 1729 feet above sea-level. The rock which covers this large space 
is disposed in numerous rude beds, which have a seaward dip of perhaps 15° to 20°. They 
are distinctly prismatic, and the prisms are not infrequently grouped in fan-shape. They 
are evidently due to different eruptions, but I observed no trace of any other rock 
intercalated between them. They are never, so far as I could discover, amygdaloidal 
nor do they present the ordinary external characters of the beds of the plateaux. They 
distinctly overlie the bedded basalts on their eastern and southern margins; but west- 
wards they appear to lie transgressively across the edges of these rocks, and to the north- 
west they rest on quartzites and schists. An outlier from the main mass forms the pro- 
minent hill of Srdn Mhdr, and can be seen distinctly overlying the bedded basalts as well 
as the neck of agglomerate already described (fig. 30). The rock of Ben Hiant is for the 
most part a well crystallised, ophitic olivine-dolerite. A specimen taken from the shore 
on the west side of the mass was found by Dr Hatcu to present under the microscope 
its augite in large plates, which enclose narrow laths and needles of plagioclase felspar as 
well as grains of olivine. All the felspars are in lath-shapes, sometimes extremely long and 
narrow. ‘The iron-ore likewise assumes an ophitic character, enclosing rectangular portions 
of felspar. Another specimen, taken from the south-east side of the hill, showed under 
the microscope ‘‘a curious intermixture of two different structures. Scattered portions 
which show the usual ophitic structure, their felspar and augite occurring in large 
crystals, are, so to speak, imbedded in a ground mass which presents rather a basaltic type, 
its felspar, augite, and magnetite, in long thin needles, microlites, and other skeleton 
forms, being enclosed in a dark devitrified base.” A third specimen, selected from one 
of the columnar sheets near the top of Ben Hiant, is “a fine grained dolerite (or gabbro) 
showing little ophitic structure, the augite occurring in roundish grains, and only slightly 
intergrown with the felspars, which are more or less lath-shaped. ‘The rock contains a 
considerable quantity of black iron-ore in irregular grains and some dirty-green viridite.” 
Still another variety of structure occurs in a specimen which I broke from one of the 
shore crags on the 8.W. side of the hill. Under the microscope, it presents a beautiful 
aggregate of “skeleton crystals and microlites of plagioclase, with here and there a 
rectangular crystal, long slender microlites of augite, and short serrated microlites of 
magnetite, the whole being confusedly imbedded in a dark glassy base powdered over 
with a fine magnetite dust.” 

In rambling over this Ardnamurchan rock | was often reminded of the great intrusive 
mass of Fair Head. One of the features in which the rocks of the two localities resemble 
each other.is their tendency to assume a coarsely crystalline texture. In some parts of 


* This locality has been described by Professor Jupp, who believed the dolerites to be streams proceeding from a 
voleanic vent (Quart. Jour. Geol. Soc., xxx. (1874) p. 261). 
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Ben Hiant the individual crystals reach an inch or more in length. These more largely 
crystalline portions, however, do not form distinct bands so much as patches in the midst 
of the general mass ; at least I did not notice any examples of such veins of segregation 
as are so prominent in Antrim. 

Owing to the denudation, which has laid this mass bare, no trace now remains of the 
rocks which covered it. That it is really an intrusive mass and not a superficial outflow, 
as Professor Jupp supposed, may be inferred from the way it slants across the 
beds of the plateau, and also from its petrographical characters, in which it agrees 
with other undoubtedly intrusive rocks of the same series. None of the rocks which 
unquestionably flowed out on the surface present this coarsely crystalline structure. On 
the south-east of Ben Hiant, I observed at two places where the bedded basalts could be 
traced close up to the intrusive mass that the former presented the same dull indurated 
character which I have referred to as occurring near intrusive bosses on the plateaux. 
As shown on the small map in Plate I, two marked dykes diverge from the main mass 
of dolerite and run for some distance north-eastward. One of these, fully a mile long, 
descends into the valley and rises up into the basalt-plateau on the further side. 
Possibly these may be two of the feeders from which the thick mass of Ben Hiant was 
supplied. 

But infinitely more frequent in the west of Scotland is the second type of intrusive 
sheet, where, instead of lying in lenticular, coarsely-crystalline sills, the eruptive rock 
occurs in thin sheets, interposed with sometimes most deceptive regularity between the 
bedding planes of the rock which it traverses. It is this type which has become so familiar, 
from the descriptions and sections of Maccu.Locn, as characteristically given in his 
account of Skye and in his drawings of the east coast of Trotternish in plate xvii. of 
his illustrations already cited. The height to which the base of the basalt escarpment 
rises on that side of the island, and the fine range of cliffs which there underlie it, permit 
the phenomena of intrusive sheets to be studied better than perhaps anywhere else in 
Britain. The erupted material has been thrust between the stratification planes of the 
Jurassic strata, between the strata and the overlying bedded basalts, and between the 
individual sheets of basalt. As MaccuLLocu well shows, many sheets of intrusive rock, 
if seen only at one point, might readily be supposed to be regularly interstratified; but 
perhaps only a few yards distant they may be found to break across the bedding, and to 
resume their course on a different level. 

The phenomena of the eastern coast of Trotternish are repeated on the east side of 
Raasay, in Eigg, andin Mull. As a single example of them, I may select the accompany- 
ing section (fig. 35) from the east side of Eigg. Over the Jurassic sandstones (aa) a 
sheet of basalt (1) four to six feet thick has been injected between the stratification of 
the sandstones, and another (2) two to four feet thick has forced its way across the 
middle of one of the bedded basalts (bb) in which it bifurcates, and above which.comes the 
thick series of lavas of the plateau (c,d). In one of the streamlets, which exposes a 
section of the Jurassic strata below the volcanic escarpment, more than twenty intrusive 
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sheets may be counted among the shales and limestones. They are sometimes not six 
inches thick, and seldom exceed six or eight feet.* 

It is observable generally throughout the west of Scotland, that the rock of the sills 
is more coarsely crystalline than that of the dykes, which in turn is generally not so fine- 
grained as that of the bedded basalts, but that the 
development of the crystalline structure is usually 
proportionate to the thickness of the mass. On the 
whole, the thinnest sheets are finest, and the thickest 
are coarsest in grain. But as they never reach the 
dimensions of the Antrim mass, they do not present 
such a largely crystalline texture as can be seen at 
Fair Head. It is further noticeable that, while they 
tend to lie between the bedding planes of the rocks 
which they traverse, they frequently break across 
them. What is most singular in this respect is their 
occasional disruption of one of the solid columnar 
or amorphous basalts, as in the example from Eigg 

“Fi cited, where one might have supposed that the 

wae gyre oy and path of least resistance would have been much more 

readily found along the line of junction between two 

beds. Again, the abundance of intrusive sheets about the base of the volcanic plateaux 

contrasts strongly with their scarcity or absence higher up. We may examine miles of 

the central and higher parts of the basalt-escarpment without detecting a single example 

of them, but if the escarpment is cut down to the base we seldom need to search far to 
find them in numbers. 

If we consider the facts which have now been adduced regarding the position and 
structure of the Intrusive Sheets, we are led, I think, to regard these masses as belonging 
to the history of the basalt-plateaux, but to a comparatively late part of it. They 
consist of essentially the same materials as the lavas that form these plateaux, though 
with the differences of structure that the conditions of their production would lead us 
naturally to expect. Where they occur in thick masses, they have obviously been able to 
cool much more slowly at some depth beneath the surface than the comparatively thin 
beds could do that were poured out above ground, and hence they have there assumed a 
far more largely crystalline texture than was possible for them under other conditions. 
Their extraordinary number about the base of the basalt-escarpment points, in my 
opinion, to the increasing difficulty which the gradual thickening of the basalt-series 
presented to the uprise of molten matter. That the plateaux were rent open and that 
lava rose in the fissures thus caused, even after a depth of 2000 or 3000 feet of basalt had 
been piled up, is proved by the height to which dykes can be traced in Mull and else- 
where. But there would no doubt come a time when the vents would grow fewer, and 

* Quart. Jour. Geol. Soc., xxvii. (1871) p. 297. | 
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when the pent-up volcanic energy would be unable to open new ones. Through the 
shattered crust the lava would be forced upwards, but the deep overlying cover of 
bedded basalts would present a formidable obstacle to its further ascent. Unable to find 
ample enough egress through such fissures as might be formed in the pile of basalts, the 
molten rock would seek its lines of least resistance along the planes of the strata and the 
lower basalt-beds; and there, accordingly, we find the sills in extraordinary profusion. 
They are no doubt of all ages in the progress of the building up of the volcanic plateaux, 
but I am disposed to believe that a large number of them may belong to the very latest 
period of the uprise of basalt within the area of Britain. 

In closing this history of the accumulation of the great Tertiary volcanic plateaux of 
this country, I would remark that as the result of prolonged eruptions from innumerable 
vents, the depression that stretched from the south of Antrim to the Minch was gradually 
in large measure filled up. We know that the pile of basalt-sheets reached in some places 
a depth of more than 3000 feet, and that not improbably it stretched in one continuous 
field of black lava along the west of Scotland and across the north of Ireland. That the 
lava spread round the base of the Highland mountains and ran up the Highland glens, 
much as the sea now does, is made clear from the position of the outliers of it which 
have been left perched on the ridges of Morven and Ardnamurchan. So far as can now 
be surmised, these wide Phlegrzean fields were only varied by a few volcanic cones 
scattered over their surface, marking some of the last vents from which streams of basalt 
had flowed. But the volcanic energy was still far from exhaustion. After the accumu- 
lation of such a deep and far extended sea of lava, those underground movements which 
produced the fissures that served as channels for the uprise of the dykes through all the 
older rocks continued to show their vigour. The covering of bedded lavas, though 
several thousand feet thick, was rent open by innumerable long parallel fissures in the 
prevalent north-westerly direction, up which basic lavas rose to form dykes. Whether 
the outflow of the bedded basalts had wholly ceased when the last dykes were injected 
into the plateaux cannot be told. Nor is there any evidence whether it had ended before 
the next great episode of the volcanic history—the extravasation of the gabbro bosses. 
All that we can affirm with certainty is, that the formation of north-west fissures and the 
uprise of basalt in them were repeated, for we find N.W. basalts traversing even the 
crests of the later eruptive masses of basic and acid rocks. It is difficult to suppose that 
none of these latest dykes communicated with the surface, and gave rise to cones with 
the outpouring of basalt and the ejection of dust and stones. But of such later 


manifestations of volcanic activity on the surface of the plateaux no undoubted trace can 
now be recognised. 
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Ill. THE BOSSES AND SHEETS OF GABBRO. 


In singular contrast to the nearly flat basalts of the plateaux, another series of rocks 
rises high and abruptly above these tablelands into groups of dome-shaped, conical, spiry, 
and rugged hills. It is these heights which more than any other feature relieve the 
monotony of the wide areas of almost horizontal stratification so characteristic of the 
volcanic region of the north-west. Their geological structure and history are much less 
obvious than those of the bedded basalts. Their mountainous forms at once suggest a 
wholly different origin. Some portions of them have even been compared with the 
oldest or Archzean rocks.* That they are really portions of the Tertiary volcanic series, 
and that they reveal a wholly distinct phase in the history of volcanic action, is now 
frankly admitted. Whether we regard them from the petrographical or structural point 
of view, they naturally arrange themselves into two well-defined groups. Of these one 
consists of highly basic compounds, of which olivine-gabbro is the most prominent. The 
other comprises numerous varieties—granite, granophyre, felsite, quartz-porphyry, 
trachyte, pitchstone, and others—all of them being decidedly acid, and some of them 
markedly so. For reasons which will appear in the sequel, the former group must be 
considered as the older of the two, and it will therefore be described first. 


§ 1. PeETROGRAPHY. 


Since the publications of MaccuLLocu, the occurrence of beautiful varieties of highly 
basic rocks among the igneous masses of the Western Isles has been familiar to geologists. 
They were named by him “hypersthene rock” and “augite rock,” t names which 
continued in use until 1871, when my friend Professor ZirKeL published the results of 
his tour through the west of Scotland, and showed that the rocks in question were 
mostly true gabbros.{ Since his observations were published some of these rocks have 
formed the subject of important papers by Professor Jupp. § 

The general petrographical characters of the gabbro areas of western Scotland may be 
summarised as follows :—A very considerable variety of petrological structure and 
chemical composition is observable among the rocks. ‘At the one end of the series are 
compounds of plagioclase and augite, which, though wanting in olivine, have the general 
structure and habit of dolerites. At the other end are mixtures wherein felspar is scarce or 
absent, and where olivine becomes the chief constituent. Between these two extremes are 
many intermediate grades, of which the most important are those containing the variety of 
augite known as diallage and also olivine. These are the olivine-gabbros, which form so 


* This was my own first impression, when I began, as a boy, to ramble among them. Maccutiocn had correctly 
grouped thgm with the other overlying rocks, and this conclusion was afterwards confirmed by ZIRKEL. 

t Western Islands of Scotland, vol. i. pp. 385, 484. 

t Zeitschrift. Deutsch. Geol. Gesellsch., xxiii. (1871) p. 1. 

§ Quart. Jour. Geol. Soc., xli. (1885) p. 354, xlii. (1886) p. 49. 
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marked a feature in the central parts of the great basic bosses. That some of these 
varieties of rock pass into each other cannot be doubted. Their distinctive composition 
and structure appear to have been largely determined by their position in the eruptive 
mass. The outer and thinner sheets are in great measure dolerites, with little or no 
olivine. The coarse gabbros are found in the inner portions. Rocks rich in olivine, 
however, occur at the outer and especially the lower part of the gabbro boss of Rum. 
The following leading varieties may be enumerated. 

Dolerite.—This rock varies from an exceedingly close grain (when it approaches and 
graduates into basalt) up to a coarse granular crystalline texture, in which the component 
minerals are distinctly visible to the naked eye. An average sample is found to consist 
of plagioclase, usually lath-shaped, and crystals or grains of augite with or without 
olivine. Under the microscope, the different varieties are distinguished by the presence 
of more or less distinct ophitic structure, the felspar being enveloped in the augite. — 
For the most part they are holocrystalline, but occasionally show traces of a glassy base. — 
Ilmenite is not infrequent, with its characteristic turbid decomposition product | 
(leucoxene). In other cases the iron-ore is probably magnetite. Between the dolerites 
and gabbros no line of demarcation can be drawn in the field, nor can a much more 
satisfactory limitation be made even with the aid of the microscope. As a rule, the 
thickest and largest intrusive masses or bosses are gabbro, those of less size are 
dolerite, while the smallest (and sometimes the edges of the others) assume the aspect of 
basalts. 

Gabbro.—Under this term I arrange, as proposed by Professor Jupp, all the coarse- 
grained granitoid basic rocks of the region without reference to the variety of augite 
present in them. Under the microscope, they are found to be holocrystalline, but with 
a granitic rather than an ophitic structure, though traces of the latter are by no means 
rare. To the naked eye their component minerals are usually recognisable. Professor 
ZiRKEL, from his examination of the Mull gabbros, believed them to consist of three 
parts of plagioclase, two parts of olivine, and one part of diallage.* Olivine, however, is 
not invariably present.t The pyroxene also does not always show the peculiar fibrous 
structure of diallage. Professor Jupp, indeed, maintains that the diallagic form is due to 
a deep-seated process of alteration (schillerization), and that the same crystal may consist 
partly of ordinary augite and partly of diallage.t Ilmenite (with leucoxene), magnetite, 
apatite, biotite, and epidote are not infrequent constituents. 

Troctolite (Forellenstein).—This beautiful variety of plagioclase-olivine rock occurs as 
a conspicuous feature on the east side of the gabbro-boss of the island of Rum. It forms 
a bed on the side of the mountain Allival, in which the component minerals are drawn 


* Zeitschr. Deutsch. Geol. Gesellsch., xxiii. (1871), p. 59. 

t Professor Jupp (Quart. Jour. Geol. Soc., xlii. p. 62) believes that originally all the gabbros contained olivine, 
and that where it is now absent, it has been altered into magnetite or serpentine, 

T Op. cit., xli. In a later paper he insists on the gradation of the coarse granitoid varieties (gabbros) into 
holocrystalline compounds, where the felspar appears in lath-shapes with crystals or rounded grains of augite and 
olivine (dolerites), and thence into true basalts, magma-basalts, and tachylytes (op. cit., xlii. p. 62). 
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out parallel with the upper and under surfaces of the bed. So marked is this flow- 
structure that hand-specimens might readily be taken at the first glance for ancient 
schistose limestone. ‘‘ The felspathic ingredient (probably labradorite or anorthite) is 
white, and its lath-shaped crystals have ranged themselves with their long axes parallel 
to the line of flow. The olivine occurs in perfectly fresh grains, which in hand-specimens 
have a delicate green tint. Under the microscope they appear colourless, and are pene- 
trated by the felspar prisms in ophitic intergrowth. There is a small quantity of a pale 
brownish augite, which not only occurs in wedge-shaped portions between the felspars, 
but also as a narrow zone round the olivines.” * Considerable differences are visible in 
the development of the flow-structure, and with these there appear to be accompanying 
variations in the microscopic structure. Dr Hatcu to whom I submitted my specimens, 
informs me that in one of them, where the flow-structure is so marked as to give a finely 
schistose aspect to the rock, “ there is a larger proportion of augite, some of which exhibits 
a distinct diallagic striping ; the olivine grains show no ophitic structure, but are some- 
times completely imbedded in the augite.” To this remarkable flow-structure I shall 
again refer in connection with the light it throws on the bedded character of the exterior 
of the gabbro bosses. 

Between these different basic igneous rocks of the Inner Hebrides, as Professor Jupp 
has shown, there are many gradations according to the varying proportions of the chief 
component minerals. Thus from the olivine-gabbros, by the diminution or disappearance 
of the augite we get such rocks as troctolite; where the plagioclase diminishes or 
vanishes, we have the different forms of picrite ; where the olivine is left out, we come to 
compounds, like eucrite ; while by the lessening or disappearance of the felspar and augite, 
we are led to ultra basic compounds, consisting in greatest part of olivine like lherzolite 
and dunite. 


§ 2. RELATIONS TO THE OTHER VOLCANIC Rocks. 


Various opinions have been expressed regarding the connection between the 
amorphous eruptive rocks of the hill-groups and the level basalt-sheets of the 
plateaux. Jameson, though he landed at Rudh’ an Dunain, in Skye, where this 
connection can readily be found, does not seem to have made any attempt to 
ascertain it. He noticed that the lower grounds were formed of basalt, and that 
the mountains “appeared to be wholly composed of syenite and hornblende rock, 
traversed by basalt veins.” + MaccuLLocH, in many passages of his Western Islands, 
alludes to the subject as one which he knew would interest geologists, but about 
which he felt that he could give no satisfactory information, and with characteristic 
verbiage he refers to the impossibility of determining boundaries, to the transition 
from one rock into another, to the inaccessible nature of the ground, to the almost 
insuperable obstacles that impede examination, to the distance from human habita- 


* MS. of Dr Hatca. 
+t Mineralogical Travels (1813), vol. ii. p. 72. 
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tion, and to the stormy climate,—a formidable list of barriers, in presence of which 
he leaves the relative position and age of the rocks unsettled.* 

Von OYENHAUSEN and Von DeEcHEN, who wrote so excellent an account of their visit 
to Skye, and who traced much of the boundary-line between the gabbros and the other 
massive eruptive rocks (syenite), seem to have made no attempt to work out the 
connection between the former and the rest of the volcanic rocks.t 

Principal Forses, in his able sketch of the Topography and Geology of the 
Cuchullin Hills, appears to have been the first to recognise the superposition of the 
“hypersthene rock” upon the “common trap rocks ”—that is, the plateau-basalts. He 
was disposed to consider the “ hypersthene mass as a vast bed, thinning out both ways, 
and inclined at a moderate angle towards the 8.E.” t 

Professor JuDD regarded the bosses of basic and acid rocks that rise out of the bedded 
basalts as the basal cores of enormously denuded volcanic cones. He believed the 
granitoid rocks to have been first erupted, and that after a long interval the basic masses 
were forced through them, partly consolidating underneath and partly appearing at the 
surface as the plateau-basalts.§ That the order of appearance of the several rocks 
has been exactly the reverse of this supposed sequence will, I think, be fully established 
in the present memoir. Professor ZIRKEL recognised that the gabbros are a dependence 
of the basalts, that they overlie them, and that on the naked flanks of the mountains 
they are regularly bedded with them. || 

So far as I can learn, however, no one has yet traced out in more detail the actual 
boundaries of the several rocks on the ground, so as to obtain evidence of their true 
relations to each other as regards structure and age. Some of the numerous impedi- 
ments recorded by Maccu.tocn have no doubt retarded the investigation. But, as 
ForBEs so well pointed out, there is really no serious difficulty in determining the true 
structural connection of the amorphous rocks with each other and with the bedded 
basalts of the plateaux. I have ascertained them in each of the districts, and as the 
result of my examination I may briefly state here that there cannot be the least doubt 


; * See his Western Islands, vol. i. pp. 368, 374, 385, 386. With much admiration for the insight and zeal, amount- 
ing almost to genius, which MaccuLocn displayed in his work among the Western Islands, at a time when, with poor 
maps and inadequate means of locomotion, geological surveying was a more difficult task than it is now, I have found it 
impossible to follow in his footsteps with his descriptions in hand, and not to wish that for his own fame he had been 
content to claim credit only for what he had seen. His actual achievements were enough to make the reputation of 
half-a-dozen good geologists. It was unfortunate that he did not realise how inexhaustible nature is, how impossible 
it is for one man to see and understand every fact even in the little corner of nature which he may claim to have 
explored. He seems to have had a morbid fear lest any one should afterwards discover something he had missed ; he 
writes as if with the object of dissuading men from travelling over his ground, and he indeed tacitly lays claim to any 
thing they may ascertain by averring that those who may follow him “ will find a great deal that is not here described, 
although little that has not been examined ” (p. 373). Principal Forsgs long ago exposed this weak side of Maccut- 
LocH and his work (Edin. New Phil. Jour., x1, (1846) p. 82). 

t Karsten’s Archiv, i. p. 99. They frankly admit that “the relation of the hypersthene-rock to the other trap 
rocks was not ascertained.” t Edin. New Phil. Jour., x1. (1846) pp. 85, 86. 

§ Quart. Jour. Geol. Soc., xxx. (1874) p. 249. || Zeitschrift. Deutsch. Geol. Gesellsch., xxiii. (1871) pp. 58, 92. 

4 In two of my excursions in Mull, and once in Skye, I was accompanied by my colleague Mr H. M. Capett, and 
I gladly acknowledge the great assistance he rendered me in mapping those regions. 
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that the amorphous bosses, both basic and acid, are younger than the surrounding bedded 
basalts, and that the acid protrusions are on the whole younger than the basic. I shall 
now proceed to show how these conclusions are established by the evidence of each of 
the areas where the several kinds of rock occur. 

(a) Skye-—By far the largest, most picturesque, and to the geologist most im- 
portant area of gabbro in Britain, is that of Skye. Though like every other portion of 
the volcanic region, it has suffered enormous denudation, and has thereby been trenched 
to the very core, it reveals, far more conspicuously and clearly than can be seen anywhere 
else, the relation of the gabbro to the bedded basalts on the one hand, and to the acid 
protrusions on the other. Its chief portion is that which rises into the group of the 
Cuillin Hills, which for blackness of hue, ruggedness of surface, jaggedness of crest, and 
general grimness of aspect, have certainly no rivals within the limits of the British Isles. 
It has long been known to extend eastwards into Blath Bheinn (Blaven) and its immediate 
northern neighbours. There is, indeed, no break whatever between the rock of the 
Cuillins and that of the hills on the east side of Strath na Creitheach. In Strath More 
the gabbro is interrupted by the granitoid mass of the Red Hills. Patches of it, however, 
occur further to the east, even as far as the Sound of Scalpa. If we throw out of 
account the invading granitoid rocks, and look upon the whole tract within which the 
gabbro occurs as originally one connected area, we find that it covered an elliptical space 
measuring about nine miles from S.W. to N.E. and six miles from N.W. to 8.E., and 


embracing at least forty square miles.* But that its original size was greater is strikingly -s 
shown more particularly on the western margin, which like that of the basalt-escarpments, _ 
has obviously been determined by denudation, for its separate beds present their trun- 3 


cated ends to the horizon all along the flanks of the Cuillins, from the head of Glen s 
Brittle round to Loch Scavaig (fig. 36). | 

The first point to be ascertained in regard to the gabbro and its associated basic rocks 
of the mountainous tract is their connection in geological structure and age with the 
bedded basalts of the plateau. This initial and fundamental relation, as Fores long ago 
said, can be examined along the whole western and southern flank of the Cuillin Hills, 
from the foot of Glen Sligachan round to the mouth of Loch Scavaig. Even from a 
distance, the observer, who is favoured with clear weather, can readily trace the almost 
level sheets of basalt till they dip gently under the darker rock of the hills. Tourists, 
who approach Skye by way of Loch Coruisk, have an opportunity, as the steamer nears 
the island of Soay, of following with the eye the basalt-terraces of the promontory of 
Rudh’ an Dunain until they disappear under the gabbro of the last spur of the Cuillins 
that guards the western entrance to Loch Scavaig. 

What is so evident at a distance becomes still more striking when viewed from nearer 
ground. Nowhere can it be more impressively seen than at the head of Glen Brittle. 
Looking westwards, the traveller sees in front of him only the familiar level terraces and 


uty 


* Though this and the other bosses are here spoken of as consisting of gabbro, it will be understood that this rock 
only constitutes the larger portion of their mass, which includes also dolerites, basalts, and other basic compounds. 


ve 
~ 
am? 
\ 
“ad 
. 
44 
| 
* 


DURING THE TERTIARY PERIOD IN THE BRITISH ISLES. 127 


green slopes of the basalt-plateau, rising platform above platform to a height of nearly 
1500 feet above the sea. But turning to the east, he beholds the dark, gloomy, cauldron- 
like Corry na Creiche, from which rise some of the ruggedest and loftiest crests of the 
Cuillins. On the hills that project from either side of this recess and half inclose it, 
the bedded basalts mount from the bottom of the valley, with their lines of parallel terrace 
dipping gently inward. below the black rugged gabbro that crowns them and sweeps 
round to form the back or head of the corry. Down the whole length of Glen Brittle 
the same structure conspicuously governs the topographical features. On the right hand, 
the ordinary terraced basalts form the slopes; and they rise for some 500 or 600 feet up 
the eastern side, until they pass under the darker, more rugged, and less distinctly bedded 
rocks of the mountains (fig. 36). The dip of the whole series is here at a gentle angle 
toward 8.E., or into the main mass of the Cuillin group. 

When, however, we proceed to examine the junction between the two rocks we find 
it to be less simple than it appears. It is not an instance of mere superposition. The 
gabbro unquestionably overlies the basalts, and is therefore of younger date. But it 
overlies them, not as they rest on each other, in regular conformable sequence of eruption, 
but intrusively, as a sill does upon the rocks on which it appears to follow in the unbroken 


a b 


Fic. 36.—Section across Glen Brittle, to show the general relations of the Bedded Basalts (a) and the Gabbros (0). 


order of accumulation. This important structure may be ascertained in almost any of 
the many sections cut by the torrents which have so deeply trenched with gullies the 
flanks of the hills. Starting from the ordinary bedded basalts, we observe in mounting 
the slopes and approaching the gabbro that the rocks insensibly assume that indurated 
shattery character, which has been referred to as characteristic of them round the 
margins of vents. Beds of dolerite make their appearance among them, which are so 
distinctly crystalline, and so resemble in character the rocks of the sills, that there can be 
little hesitation in regarding them as intrusive. These sills increase in size and number 
as we ascend, though hardened amygdaloidal basalts may still be observed. True gabbros 
then supervene in massive beds, and at last we find ourselves entirely within the gabbro 
area, where, however, thin bands of highly altered basalt still for some distance appear. 
One further fact will generally be noticed, viz., that before reaching the main mass of 
gabbro, veins and sills of basalt, as well as of various felsitic and porphyritic members of 
the acid group, come in abundantly crossing and re-crossing each other in the most intri- 
cate network. The base of the thick gabbro-sheets is thus another horizon on which, 
like that below the plateau-basalts, intrusive masses have been especially developed. 
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Through all these rocks numerous parallel basalt-dykes, running in a general persistent 
N.N.W. direction, rise from below the sea-level up even to the very crests of the Cuillins. 

The sections on the western side of the area thus prove that the gabbro inosculates 
with the bedded basalts by sending into them, between their bedding planes, sheets 
which vary in texture from fine dolerites at the outside into coarse gabbros further 
towards the central mass, and that this intrusion has been accompanied by a certain 
amount of induration of the older rocks, 

On the eastern side, the same structure can be even more distinctly seen, for it is 
not only exposed in gullies and steep declivities, but can be traced outward into the basalt- 
plateau. In the promontory of Strathaird, Jurassic sandstones and shales, which form 
almost the whole of the coast-line and lower grounds, are surmounted by the bedded 
basalts. Denudation has cut the plateau into two parts. The smaller of these makes the 
outlier that rises into Ben Meabost (1128 feet). The larger stretches continuously from 
Glen Scaladal and Strathaird House northward into Blath Bheinn. Hence from the ce 
ordinary terraced basalts, with their amygdaloids, thin tuifs, red partings, and seams of a 
lignite, every step can be followed into the huge gabbro mountain. Starting from the 
black shales on which the lowest basalt lies, we walk over the successive terraces up into 
the projecting ridge of An da Bheinn. But as we ascend, sheets of dolerite and gabbro 
make their appearance between the basalts, which gradually assume the altered aspect 
already noticed. The dip of the whole series is at a low angle northwards, and the beds 
can be followed round the head of the Glen nac Leac into the southern slopes of Blath 
Bheinn. Seen from the eastern side of this valley, the bedded character of that mountain 
is remarkably distinct, but it becomes less marked towards the upper part of the ridge 
where the gabbros preponderate. One of the most striking features of the locality is the 
number and persistence of the N.W. dykes, which strike across from the ordinary 
unaltered basalts of the plateau up into the highest gabbros of the range. Less durable 
than the intractable gabbro, they have weathered out where they run up its precipices, 
thereby causing the vertical rifts and gashes and the deep notches on the crest that 
form so marked a feature in the scenery. On the other hand, they are often less 


destructible than the plateau-basalts, and hence in the Glen nac Leac they may be seen e 

projecting as low dams across the stream which throws itself over them in picturesque 4 

waterfalls, | 4 
The deep dark hollow of the Coire Uaigneich has been cut out of the very core of e 


Blath Bheinn, and lays bare the structure of the east part of the mountain in the most 
impressive as well as instructive way (Fig. 37). By ascending into this recess from Loch a 

Slapin, we pass over the whole series of rocks, and can examine them in an almost con- a 
tinuous section in the bed of the stream and on the bare rocky slopes on either side. 3 

Sand@ones and shales of the Jurassic series extend up the Allt na Dunaiche for nearly a 
mile, much veined with basalt and quartz-porphyry, by which the sandstones are locally 
indurated inte qyartzite. At last these strata are overlapped by the basalts of the Strath- 
*aird plateau, which with a marked inclination to N.N.W., here dip towards the mountains. 
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But by the time these rocks have reached this valley, they have already lost their 
usual brown colour and crumbling surfaces, and have assumed the indurated splintery 
character, though still showing their ainygdaloidal structure. They are much traversed 
by veins and strings of felsite and quartz-porphyry, which rocks at last appear as a broad 
band that runs up the bottom of the Coire Uaigneich, and ascending the col, crosses it 
south-westwards into the Glen nan Leac, On the left or south-eastern side of this intrusive 
mass, a portion of Lower Silurian quartzite and limestone (here and there altered into 
white marble) is traceable for several hundred yards up the stream.* Whether this is 
really in place, and projects as the top of an eminence round and over which the volcanic 
rocks were accumulated, or whether it is a mass that has been torn away and carried 
upward during some of the paroxysms of eruption, I could not determine. Knowing 
how large are the portions of schist embedded between the basalts of Mull, I do not 
think the great size of this mass necessarily precludes us from regarding it as displaced 
in the same way. Where the quartzite and limestone first appear at the lower part of 
the valley, they present an interesting example of that sheared structure with which 
recent investigations in the North-West Highlands have now made us familiar.t The © 
two rocks have been ground into each other so as to produce a compound that is neither 
limestone nor quartzite, but a calcareous quartzose schist, in which the beautifully parallel 
planes of division that mark the surfaces of movement bear the closest resemblance to flow- 
structure. There can be no doubt that here in the midst of the Tertiary volcanic masses, 
and not improbably as a result of volcanic explosion, there is revealed to us the existence 
underneath this district of one of those great thrust-planes in the Silurian rocks which 
have had so powerful an influence in the production of the younger schists of the 
Highlands. The evidences of metamorphism and the formation of schists by mechanical 
movement after the Lower Silurian period, so abundant in the north of Sutherland, 
are thus found to continue southward even across the island of Skye. 

The bedded basalts of Strathaird, after dipping down towards the N.N.W., bend up 
where they are interbanded with dolerites and gabbros, and form the prominence called 
An Stac, which rises as the eastern boundary of the Coire Uaigneich. Their steep dip 
away from the mountain is well seen from the east side, and their outward inclination is 
continued into the ridge to the southward. Similar rocks appear on the other flank of 
the band of quartz-porphyry, and form the base of Blath Bheinn. The bedded basalts are 
everywhere of the usual altered, indurated, and splintery character. The intrusive sheets 
interposed between them become thicker and more abundant higher up, until they con- 
stitute the main mass of the hill. But that they are in separate sheets, and not in one 
amorphous mass, can be recognised by the parallel lines that mark their boundaries. 

The quartz-porphyry sends out veins into the surrounding rocks, and is obviously. the 
youngest protrusion of the locality, except of course the N.N.W. basalt-dykes — 


* This limestone was noticed by Von OzyNHAUSEN and Von DEcHEN, but they believed it to be e portion an the 
Lias torn off and carried upward by the eruptive rocks (Karsten’s Archiv, i. p. 79). e 
+ This rock was first recognised by Mr H. M. CapExt, who accompanied me in one of my excursions dver tht ange ‘e 
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cross it, and which are nowhere seen in a more imposing display than round the flanks of 
Blath Bheinn. A section across the corry shows the structure represented in fig. 37. 

It is thus demonstrable that when its line of junction with the surrounding plateau- 
basalts is traced in some detail, the gabbro is found to overlie them as a whole, but also 
to be intercalated with them in innumerable beds, bands, or veins which rapidly die out as 
they recede outwards from the main central mass; that these interposed beds are intrusive 
sheets or sills proceeding from that mass, and that the contiguous bedded basalts show 
more or less marked metamorphism. We have now to consider the structure of the 
interior of the gabbro area of the Cuillin Hills. The first impression of the geologist who 
visits that wild district is that the main mass of rock is as thoroughly amorphous as a 
core of granite. Yet a little further examination will reveal to him many varieties of 
texture, sometimes graduating into, sometimes sharply marked off from, each other, and 
suggesting that the rock is not the product of one single protrusion. He will recognise 
further indications of successive discharges or extravasations of crystalline material 
during probably a protracted period of time, and in the intricate network of veins 
crossing each other and the general body of the rock in every direction, as well as in 


Fig. 37.-—Section across the Coire Uaigneich, Skye. a, Silurian limestone and quartzite; 6, Jurassic sandstones and shales; 
ec, bedded basalts and dolerites; dd, gabbros and doierites with indurated basalts; ¢, quartz-porphyry sending veins into 
surrounding rocks ; ff, basalt-dykes running north-west through all the other rocks. 


the system of steady N.W. basalt-dykes that traverse all the other rocks, he will recognise 
the completion of the evidence of repeated renewals of subterranean energy. 

But, he will be struck with the absence of the more usual proofs of volcanic activity 
in such forms as vesicular lavas and abundant masses of slag, bombs, and tuffs, which are 
commonly associated with the idea of the centre of a volcanic orifice. Everything around 
him suggests that he stands, as it were, far beneath that upper part of the earth’s crust 
which is familiar to us in the phenomena of modern volcanoes; that he has been admitted 
into the heart of one of the deeper layers, where he can study the operations that go on 
at the very roots of an active vent. He will notice that, on the whole, the rock is largest 
in grain towards the centre, some features of it around Loch Coruisk reminding him of 
the most coarsely-crystalline granites. Here and there too, he will observe details of 
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structure that at once recall him to the internal arrangements of the thicker intrusive 
sheets, but they are displayed here on a still greater scale, as from the bulk of the huge 
boss of the Cuillin gabbro, might be expected. Portions of the rock show a remarkable 
segregation or flow-structure, the several minerals being arranged in parallel layers, 
which sometimes simulate the puckering of true schists. This structure is shown in 
fig. 38, the light bands consisting mainly of felspar, the darker of the ordinary gabbro, 
but here and there with the magnetite separated out into distinct lenticular folia. It is 
singular to find, in the midst of such coarsely crystalline material, exceedingly fine-grained 
masses of basalt, some of which are amygdaloidal. At the time when I made my last 
examination of this region, the six-inch Ordnance maps were not issued, and I found it 
impossible to trace out such details of geological structure on the uncontoured one-inch 
map, which was the only Ordnance sheet then available. I have every hope, however, 
that when the mapping of the Cuillin Hills is undertaken on the large scale maps, it 
will be possible to work out an exceedingly complex structure even in what might be 
thought to be thoroughly amorphous masses. 


Fic. 38.—Segregation-structure in the Gabbro, from the ridge between Meall Dearg and Loch Coruisk. 


There is one important feature which only a minute and patient survey can elucidate, 
Though I found among the Cuillins no distinct proof that the mass of gabbro ever gave rise 
to discharges of material, either lava-form or fragmentary, which reached the surface, I 
obtained unquestionable evidence of explosions and the production of pyroclastic masses. 
Among the moraine-mounds of Harta Corry, blocks of basalt-agglomerate are strewn 
about, full of angular fragments of altered basalt, sometimes highly amygdaloidal, and also 
boulders in which lumps of coarse gabbro are enveloped in a matrix of finer material. But 
I did not find the parent rocks from which these glacier-borne masses had been derived. 
That this huge boss of gabbro in Skye, besides invading and altering the bedded basalts, 
may have communicated eventually with the surface, and have given rise to superficial 
discharges, is not at all improbable, but of any such outflows not a vestige appears now 
to remain. We must remember, however, that the gabbro no doubt in many places 
found its readiest upward ascent in vents belonging to the plateau-period, and that 
portions of the agglomerates of these earlier vents may be expected to be found involved 
in it, like that of the great vent of the Red. Hills. 

Before quitting this area, I will refer to the detached portions of gabbro inclosed in 
and lying to the east of the mass of the Red Hills. One of the best-marked of these forms 
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a conspicous crag on the east side of Strath More, immediately to the north of Beinn na Cro. 
It consists of beds of coarse gabbro, with others of dolerite and basalt, and is traversed 
by veins from the granophyre of the glen, as well as by the usual N.W. basalt dykes 
(fig. 55). It appears to be a marginal portion of the main gabbro area separated by 
the intrusion of the great granitoid boss of the Red Hills. On the north-eastern side of 
Beinn na Caillich numerous intrusive sheets of gabbro and dolerite traverse the quartzite 
and limestone, and extend down to the sea-margin in the Sound of Scalpa. 

(b) Rum.--The mountains of the island of Rum, rising as they do from a wide 
expanse of open sea, present one of the most prominent and picturesque outlines in the 
West Highlands. Less accessible than most of the other parts of the volcanic region, 
they have been less visited by geologists. They were described by MaccuLLocn as 
composed of varieties of “ augite rock.” He noticed in this rock “‘a tendency to the 
same obscurely bedded disposition as is observed in other rocks of the trap family,” 
and found at one place that it assumed “a regularly bedded form, being disposed. in 
thin horizontal strata, among which are interposed equally thin beds of a rock resembling 
basalt in its general characters.”* Professor Jupp repeats MaccuLLocu’s observation, that 
‘the great masses of gabbro in Rum often exhibit that pseudo-stratfication so often 
observed in igneous rocks.” He regards these masses, like those of Skye and Mull, as 
representing the core of a volcano from which the superficial discharges have been 
entirely removed, and he gives a section of the island in which the gabbro is repre- 
sented as an amorphous boss sending veins into a surrounding mass of granite.t In a 
more recent paper he has given an excellent detailed account of the mineralogical 
composition of some of the remarkably varied and beautiful basic rocks constituting the 
hills of Rum, but adds no further -information regarding the geological structure of the 
island. 

Even from a distance of eight or ten miles, the hills of Rum are seen to be obviously 
built up of successive nearly horizontal tiers of rock. As the summer tourist is carried 
past the island, in that wonderful moving panorama revealed to him by the “swift 
steamer” of modern days, these great dark cones remind him of colossal pyramids, and 
as the ever-varying lights and shadows reveal more prominently the alternate nearly 
level bars of crag and stripes of slope, the resemblance to architectural forms stamps 
these hills with an individuality which strikes his imagination and fixes itself in his 
memory. . If choice or chance should give him a nearer view of the place, he would 
not fail to notice that it is among the northern hills of the island that the bedded 
character is so conspicuous, and that it ceases to be prominent in the southern 
heights. Crossing over from Eigg, he would recognise each of the features represented 
in the sketch reproduced in fig. 39. Along the shore, red (Torridon) sandstones 
rise in naked cliffs, from the top of which the ground seems to slope upward in 
brown moors to the bare rocky declivities. A deep valley (Glen Dibidil) is seen to 


* Western Islands, i. p. 486. + Quart. Jour. Geol. Soc., xxx. p. 253. 
t Op. cit., xli. (1885) p. 354. See also his paper in vol. xlii, of the same Journal. 
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run into the heart of the hills between the bedded group to the north and the 
structureless group to the south. If the weather is favourable, some eight or more 
prominent parallel bars of rock may be counted on the two higher cones to the right. 
These bars are not quite level, but appear to have a gentle inclination from right 
to left. They remind one of the terraced basalts of the plateaux, but present a 
massiveness and a breadth of intervening bare talus-slope such as are not usual among 
those rocks. 
Nor is this impression of regularity and bedded arrangement lessened when we 
actually climb the slopes of the hills. I had for years been familiar with the outlines of 
Rum as seen from a distance, and had sketched them from every side, but I shall never 
forget the surprise and pleasure when my first ascent of the cones revealed to me the 
meaning of these parallel tiers of rock. I found it to be the structure of the Cuillin 
Hills repeated, but with some minor differences which are of interest, inasmuch as they 
. enlarge our conceptions of the process by which the gabbro-bosses were formed. 
The northern half of the island of Rum consists almost entirely of red sandstone, 
: which is obviously a continuation of the same massive formation so well developed around 
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Fic. 39.—Outline of the Hills of the Island of Rum, sketched from near the Isle of Eigg. 


Loch Torridon and traceable between the Archean gneiss and the Lower Silurian strata 
up as far as Cape Wrath. The sandstones, though full of false bedding, show quite 
distinctly their true stratification, which is inclined with singular persistence towards 
W.N.W., at angles averaging from 15° to 20°, If they are not repeated by folds or faults, 
they must reach in this island a thickness of some 10,000 feet. Their red or rather 
pinkish tint seems mainly to arise from the pink felspar so abundant in them, for in 
many places they really consist of a kind of arkose. Pebbly bands with rounded pieces 
of quartz are of common occurrence throughout the whole formation. Dykes and veins 
of basalt are profusely abundant. Sometimes these run with the bedding, and might at 
a distance be taken for dark beds among the pink sandstones. They often also strike 
obliquely up the face of the cliffs like ribbons. 

But, notwithstanding their apparent continuity, there can be no doubt that these 
sandstones have suffered from those powerful terrestrial disturbances which have affected 
all the older rocks of the North-West Highlands. On the west side, where they plunge 
steeply into the sea, they have undergone a change into fine laminated rocks, which might 
at first be mistaken for shales, but which owe their fissility to shearing movements. 
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Along their southern border, from a point on the east coast near Bagh-na-h-Uamha, south 
of Loch Scresort, to the head of Kilmory Glen, they are abruptly truncated against a group 
of dark, flaggy, and fissile schists and fine quartzites or grits, which in some places are black 
and massive like basalt, and in others are associated with coarse grey gneiss. That some 
of these rocks are portions of the Archzean series can hardly be doubted, and the vertical 
separations and apparent transitions are probably repetitions of the faults and thrust- 
planes of the north-west. I found also on the northern slopes of Glen Dibidil a patch of 
much altered grey and white limestone or marble, which reminded me of the Lower 
Silurian limestone of Skye. 

In passing over the zone of these more ancient rocks, we find them to present 
increasing signs of alteration as they are traced up the slopes towards the great central 
mass of erupted material. The pink sandstones gradually lose their characteristic tint, 
and grow much harder and more compact, while the veins and dykes of basalt and 
sheets of dolerite intersecting them increase in number. The zone of black compact 
quartzite, which lies to the south of the sandstones, and which at one point reminds us of 
basalt, at another of the flinty slate of the schistose series, likewise displays increasing 
induration. Its bedding, not always to be detected, is often vertical and crumpled. 
But the most remarkable point in its structure is the intercalation in it of bands of 
breccia. These vary from less than an inch to several yards in diameter; they run 
mostly with the bedding, but occasionally across it. The stones in them are fragments 


of the surrounding rock imbedded in a matrix of the same material, but also with pieces ‘ 


of a somewhat coarser grit or quartzite. A band of coarse breccia forms the southern 
limit of this zone along the northern base of Barkeval and Allival. In general character 
it resembles the thinner seams of the same material just referred to. The matrix so 
closely agrees with the black flinty quartzite, that but for the included stones it could 
hardly be distinguished; so greatly has the mass been indurated that the stones seems to 
shade off into the rest of the rock. But here and there its true brecciated nature is 
conspicuously revealed by prominent blocks of hardened sandstone. This band of breccia 
must in some places be 150 or 200 feet broad. It has no distinct bedding, but seems to 
lie as a highly inclined bed dipping into the hill. It is at once succeeded by a black 
flinty felsite like that of Mull. The ground-mass of this rock, so thickly powdered with 
magnetite grains as to be almost opaque under the microscope, displays good flow- 
structure xound the turbid crystals of orthoclase and the clear granules of quartz. 
Further up the hill, the rock becomes lighter in colour and less flinty in texture—a 
change which is found to arise from more complete devitrification, the ground-mass 
having become a crystalline granular aggregate of quartz and felspar with scattered 
porphyritic crystals of these minerals (microgranite). In some places, the felsite incloses 
fragments of other rocks. A specimen of this kind, taken from the head of Coire Dubh, 
shows under the microscope a brown microfelsitic ground-mass, with crystals of felspar 
and augite, inclosing a piece of basalt, composed of fine laths of plagioclase, abundant 
magnetite, and a smaller proportion of granules of augite. 
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This band of felsite and microgranite may be traced continuously from Loch 
Gainmich along the base of Barkeval and Allival, and similar rocks appear at intervals 
along the same line round the eastern base of the hills. Immediately above this belt of 
felsitic protrusions comes the great body of gabbro. It will be observed that here, as in 
Skye, the base of the gabbro-mass presents a horizon on which injections of acid rocks 
have been particularly abundant. If the breccias are not the result of rock-crushings 
during Paleozoic time, but are really due to volcanic explosions during the Tertiary period, 
they are evidently older than the eruption of the gabbros. They might be compared 
with the agglomerate-necks through which the youngest eruptive bosses of Skye have 
made their way ; but in their case the component materials bave been derived from the 
surrounding platform of ancient rocks, and not from subterranean lavas. 


Fic. 40.—View of Allival, Rum, sketched from the base of the north-east side of the cone. 


For my present purpose, however, the chief point of importance is the structure of 
the gabbro mass that springs from that platform into the great conical hills of Rum. 
The accompanying sketch (fig. 40) will convey a better idea of this structure than a 
mere description. At the base, immediately above the felsite just referred to, bedded 
dolerites mark their appearance, much intersected with veins from the siliceous rock. 
Veins and dykes of basalt also cut all the rocks here, the newest being those which run 
in a N.W. direction. The lowest beds of dolerite are succeeded by overlying sheets of 
coarser dolerites, gabbros, troctolites, &c., which are as regular in their thickness and 
continuity as the ordinary basalts of the plateaux. The band of light-coloured troctolite, 
in particular, about twenty to thirty feet thick, which has been already referred to, 
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can be followed for some distance along the base of the hill as a marked projecting 
escarpment (shown in the foreground of fig. 40). Higher up, other varieties are ranged 
in successive parallel beds, the harder kinds standing out boldly as prominent ribs, while 
the softer crumble into a kind of sand, which forms talus-slopes between the others. 
Alternations of this nature are continued up to the very top of the mountain. The 
beds are nearly flat, but dip slightly into the interior or towards the south-west. 

But not only are the gabbro and associated rocks disposed in beds differing from each 
other in petrographical characters. The same parallel arrangement may be traced even in 
the internal structure of some of the individual beds. The most rerharkable example of 
this nature which I have found is presented by the band of light-coloured troctolite 
just referred to. This rock at once arrests attention by its laminar structure. Indeed, 
hand-specimens of it, as I have said, might readily pass for pieces of schistose limestone. 
It consists of successive layers, which on the weathered surface divide it into beds almost 
as regular as those of a sandstone, each bed being further separated into laminz marked 
off by the darker and lighter tints of their mineral constituents. The darker layers consist 
of olivine, and the lighter of plagioclase. This segregation here and there takes the form 
of rounded masses, where the minerals are more indefinitely gathered together, and the 
affinity of the rock with intrusive sheets is further displayed by the occurrence of 
abundant nut-like aggregates of pale green olivine. Examined under the microscope, this 
flow-structure is admirably seen, the lath-shaped felspars being drawn out parallel to the 
planes of movement, and giving thereby the peculiarly schistose structure which is so 
deceptive. 

The bedded arrangement of the gabbros is conspicuous from bottom to top of the great 
eastern cones, as shown in figs. 39 and 40, and the dip is gently inwards to the W. or 
SW. On the west side also, beyond Loch Sgathaig, a distinct bedding may be traced, 
the inclination being here once more inwards or to the E. But from Glen Harris and 
the base of Askival this structure becomes less marked, and gradually disappears. There 
is thus a central or southern amorphous region, while round the margin towards the north 
and east the rock appears in frequent alternating beds. 

It is clear that in the broad features of their architecture, the hills of Rum follow 
closely the plan shown in the Cuillin Hills of Skye. In each case, there is a structureless 
central region, where the rocks are more coarsely crystalline, and an outer marginal belt, 
where they assume a bedded character and become finer in grain. But, unfortunately, in 
Rum denudation has gone so far that no connection can be traced on the ground between 
the gabbros and the plateau-basalts. As already stated, the latter rocks have been almost 
entirely stripped off from the platform of sandstones and schists which they undoubtedly 
at one time covered, and the few outliers of them that remain lie at some little distance 
from the margin of the gabbro area. Nevertheless, we are not without some indications 
of them underneath the gabbros. I have alluded to the basalts that lie at the base of 
the eastern cones. As we follow the bottom of the gabbro southward round the flanks of 
the hills, dull compact black shattery basalts, with a white crust, appear from under the 
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more crystalline sheets. These at once remind one of the altered basalts of Skye and 
Mull. On the west side also, beds of basalt emerge from under the gabbro, but they 
have been so veined and indurated by the granophyre of that district, that their relations 
to the gabbro are somewhat obscured. If we could restore the lost portions of the 
plateau, I believe we should find the gabbros of Rum resting on part of the volcanic 
plateau, and some of the gabbro-beds prolonged as intrusive sheets between the beds of 
basalt. 

(c) Ardnamurchan.—The promontory of Ardnamurchan reveals as clearly as the 
flanks of the Cuillin Hills, though in a less imposing way, the relations of the gabbros 
to the plateau-basalts. From the southern shore at Kilchoan to the northern shore at 
Kilmory, bedded basalts, of the usual type, amygdaloidal and compact, weathering into 
brown soil, may be followed along the eastern slopes of the hills, resting upon the 
quartzites and schists of western Argyleshire. These rocks are a continuation of those 
that cap the ridges further to the south-east and cross Loch Sunart into Morven. They 
dip westwards, and followed upwards in that direction, they soon present the usual 
marks of alteration. They weather with a white crust and become indurated and 
splintery. Sheets of dolerite with many veins and dykes of basalt run between and 
across them. Bands of gabbro make their appearance, and these, as we advance 
westwards, increase in number and in coarseness of grain until this rock, in its 
characteristically amorphous form, constitutes practically the whole of the promontory 
from Meall nan Con to the lighthouse. Many admirable sections may be seen on the 
coast-cliffs and in the rugged interior, showing how prone the gabbro in its central 
structureless portions is to develop segregation-veins. Large crystals of its component 
minerals run in bands or ribbons across the rock, and traces of a peculiar arrangement 
may be found to which I shall refer in the following account of the similar rocks of Mull. 

(d) Mull.—tIn the island of Mull, the conclusions to which the geology of the other 
volcanic districts leads us as to the position of the gabbros in the series of volcanic 
phenomena, are confirmed and completed. The first geologist who appears to have 
observed the relation of these rocks in that island was JAMESON, who classed them 
under the old name of “ greenstone,” including in the same designation rocks now termed 
dolerites and gabbros. He ascended one of the hills above Loch Don, probably Mainnir 
nam Fiadh (2483 feet), which he found to consist of “strata of basalt and greenstone,” 
with some basalt-breccia or tuff and a capping of basalt. He speaks of the “singular 
scorified-like aspect” of the weathered greenstone—a description which applies to some 
of the coarser gabbro bands of that locality. But he appears to have recognised the 
general bedded arrangement of the rocks up even to the summit of the hill.* 

It was not, however, until the visit of Professor ZIRKEL in 1868, that the true 
petrographical characters of the gabbro of Mull were recognised. The same observer also 
remarked that the rock is regularly interstratified with the basalt.t Professor Jupp, 
as already stated, has supposed the gabbros to be the deep-seated portion of the masses 

* Mineralogy of the Scottish Isles, i. p- 205. + Zeitsch. Deutsch. Geol. Gesellsch., xxiii. (1871) p. 58. 
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which when poured out at the surface became the plateau-basalts, and he represents 
them in his map and sections of Mull as ramifying through the granitic rocks.* 

In Mull some peculiarities in the arrangement of the gabbro are better developed 
than elsewhere. Instead of forming a huge boss with an amorphous centre and a fringe 
of intrusive sheets, as in Skye and Ardnamurchan, the rock is distributed in innumerable 
beds or sheets interposed between the plateau-basalts. The area within which this 
chiefly occurs is tolerably well-defined by the difference of contour between the long 
terraced uplands of the ordinary basalts and the more conical forms of the southern 
group of hills between Loch na Keal and Loch Spelve. The number and thickness of 
the gabbro-sheets increase as we proceed inwards from the basalt-plateau. These sheets 
are specially prominent along the higher parts of the ridge that runs northwards from 
the northern end of Loch Spelve, and along the west side of Glen Forsa. But they swell 
out into the thickest mass in the south-western part of the hilly ground, where from 
above Craig, in Glenmore, they cross that valley, and form the rugged ridge that rises 
into Ben Buy (2354 feet), and stretches eastward to near Ardara. It is in this 
southern mass that the Mull gabbro approaches nearest in general characters to the bosses 
of the other districts. But even there, its true intercalation above a great mass of 
bedded basalt may readily be ascertained in any of the numerous ravines and rocky 
declivities. 

One of the best lines of section for exhibiting the relations of the rocks is the declivity 
to the west of Ben Buy and Loch Fhuaran. Ascending from the west side, we walk over 
successive low escarpments and terraces of the plateau-basalts with a gentle inclination 
towards N.E. or E. These rocks weather in the usual way, some into a brown loam, 
others into spheroidal exfoliating masses. But as we advance uphill, they gradually 
assume the peculiar indurated shattery character already referred to. The soft earthy i 
amygdaloids become dull splintery rocks, in which the amygdules are no longer sharply =. 
defined from the matrix, but rather seem to shade off into it, sometimes with a border of F 
interlacing fibres of epidote. The compact basalts have undergone less change, but they 
too have become indurated, and generally assume a white or grey crust, and none of os 
them weather out into columnar forms. Strings and threads full of epidote run through a. 
much of these altered rocks. Abundant granophyric and felsitic veins traverse them. —— 
Sheets of dolerite likewise make their appearance between the basalts, followed further 
up the slope by sheets of gabbro until the latter form the main body of the hill. ¢ 

On the north side of the same ridge, similar evidence is obtainable, though somewhat ae 
complicated by the injections of granophyric and felsitic veins and bosses, to which more 
detailed reference will afterwards be made. But the altered basalts, with their amygda- 
loidal bands and their intercalated basalt tuffs and breccias, can be followed from the 
bottom of the glen up to a height of some 1700 feet, above which the main gabbro mass 
of Ben Buy sets in. Many minor sheets of dolerite and gabbro make their appearance 
along the side of the hill before the chief overlying body of the rock is reached. Some 

| * Quart. Jour. Geol. ‘Soe., xxx. (1874). 
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of these can be distinctly seen breaking across or ending off between the bedded basalts 
which here dip gently into the hill (fig. 41). A conspicuous band of coarse basalt- 
agglomerate, containing blocks of compact and amygdaloidal basalt a yard or more in 
diameter, shows by the excessive induration of its dull-green matrix the general alteration 
which the rocks of the basalt-plateau have here undergone. An almost incredible 
number of veins of fine basalt, porphyry, and felsite has been injected into these rocks— 
a structure which is precisely a counterpart of what occurs under the main body of gabbro 
in Skye, Ardnamurchan, and Rum. 

The gabbro mass of the Ben Buy ridge is thus undoubtedly a huge overlying sheet, 
which probably reaches a thickness of at least 800 feet. It seems to descend rather 
across the bedding into the hollow of Glen More, and possibly its main pipe of supply 
lay in that direction. Being enormously thicker than any other sheet in the island, it — 
exhibits the crystalline peculiarities which are so well developed in the central portions 
of the larger bosses of gabbro. It presents more coarsely crystalline varieties than appear 
in the thinner sheets, some portions showing crystals of diallage and felspar upwards of 


Fic. 41.—Altered Plateau-Basalts invaded by Gabbro, and with a Dyke of prismatic Basalt cutting both rocks, North 
Slope of Ben Buy, Mull. aa, amygdaloidal basalt, much altered; }, gabbro; ¢, finely prismatic basalt. 


an inch in length. It likewise contains admirable examples of segregation-structure, 
which, as in Skye and elsewhere, is best developed where the texture becomes especially 
coarse. These veins or seams, in which the constituent minerals have crystallised out in 
more definite and conspicuous forms, here and there succeed each other so quickly as to 
impart a kind of bedded or foliated look to the body of rock in which they occur, recalling 
the aspect of some coarsely crystalline granitoid gneiss. Occasionally, on the exposed 
faces of crags, portions of such veins are seen to be detached and enveloped in the finer 
surrounding matrix. This pseudo-stratification is to be distinguished from another struc- 
ture in which thick belts or bands of coarser and finer texture alternate, and give an 
appearance of bedding to the mass. These bands run generally parallel with beds of 
highly indurated basalt, which appear to be separated portions of the ordinary rocks of 
the plateau. They may be taken to indicate that the thick sheet of Ben Buy is not 
the result of one but of many uprises of gabbro. 

Of the thinner sheets of dolerite and gabbro little need here be said. I have referred 
to their great abundance in the range of eastern hills that rise from the Sound of Mull 
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between Loch Spelve and Fishnish Bay. Though obviously intrusive, they lie on the whole 
parallel to the bedding of the basalts. The latter rocks exhibit the usual dull indurated 
shattery character which they assume where the gabbro has invaded them, and which 
gradually disappears as we follow them down hill away from the intrusive sheets to the 
shores of the Sound. They dip towards the centre of the hill group, that is to 8. W. in the 
ridge of Mainnir nam Fiadh, Dun da Ghaoithe, and Beinn Meadhon, the angle increasing 
southwards to 15°—20°, and at the south end reaching as much as 35°-40°. Some fine 
crags of gabbro and dolerite form a prominent spur on the east side of the ridge of Ben 
Talaidh, in the upper part of Glen Forsa. These consist of successive sheets bedded with 
the basalts, and dipping 8.W. A large sheet stands out conspicuously on the north front 
of Ben More, lying at the base of the “ pale lavas,” and immediately above the ordinary 
basalts, and circles round the fine corry between Ben More and A’Chioch, some of its domes 
being there beautifully ice-worn. This is the highest platform to which I was able satis- 
factorily to trace any of the intrusive sheets of Mull. Another dyke-like mass emerges 
from beneath the talus slopes of A’Chioch, on the southern side, and runs eastward across 
the col between the Clachaig Glen and Loch Scridain. 


3. SrrucTURE OF THE GABBRO AREAS. 


We are now in a position to draw, from the observations which have here been given 
regarding the different areas of gabbro in the Tertiary volcanic region of Britain, some 
general conclusions with respect to the type of geological structure which they illustrate. 

1. No evidence exists to show that the extruded masses of gabbro ever communicated 
directly with the surface. They never exhibit the cellular, slaggy and other structures so 
characteristic of surface-flows. They are, on the whole, free from included masses of 
breccia and agglomerate, though portions of such rocks have beea detected among the 
boulders derived from one part of the Cuillin Hills. If the gabbro-bosses ever were con- 
tinuous with sheets of rock emitted above ground, all such upward continuations have 
been entirely removed. In any case, we may be quite certain that in an outburst at 
the surface the rock would not have appeared in the form of a coarsely crystalline or 
granitoid gabbro. 

2. The crystalline structures of the gabbros point unmistakably to slow cooling and 
consolidation at some considerable depth beneath the surface. The most coarsely- 
crystalline varieties, and those with the best developed segregation-veins, occur in the 
largest bodies of rock, where the cooling and consolidation would be most prolonged.* 

3. From the occurrence of bands and more irregular portions of considerably different 
texture and even mineralogical composition, it may be confidently inferred that even 
what appears now as one continuous mass was produced by more than one eruption. 

4. In every case there would necessarily be one or more pipes up which the igneous 
material rose. These channels might be supplied by wider parts of fissures, such as those 
filled by the dykes. But more probably they were determined by older vents, which had 

* On this subject, see the papers by Professor Jupp already cited. 
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served for the emission of the plateau-basalts and their pyroclastic accompaniments. 
There can be no doubt that some of these vents afforded egress for the subsequent eruption 
of granitoid rocks. In the case of the gabbros, however, they seem to have been generally 
concealed by the tendency of these rocks to spread out laterally. Denudation has cut 
deeply into the gabbro-masses, but not deep enough to isolate any of the pipes from the 
material which issued from them, so as to leave solitary necks like those in and around 
the basalt-plateaux. In Skye, where the central core of gabbro is largest and most 
completely encircled, we cannot tell how much of it which is amorphous and resembles 
what might be supposed to be the material filling the actual vent, really lies above the 
true pipe or pipes, and has spread out on all sides from the centre of eruption. All that 
we know is that round the margin of the gabbro we can reach horizons below that rock, 
and see that it lies as a cake or series of cakes upon the plateau-basalts. The actual pipe 
of supply must lie further inward, away from the margin, and may be of comparatively 
small diameter. 

5. From the central pipe or group of pipes which rose from the platform of older 
rocks into the thick mass of the basalt-plateaux, successive sheets of dolerite and gabbro 
were forced outward between the layers of basalt. This took place all round the orifices 
of supply, on many different horizons, and doubtless at many different times. In some 
cases, the intrusive sheets were injected into the very bottom of the basalts, and even 
between these rocks and the older surface on which they rested. This is particularly the 
case in Rum, where the gabbro-cones spring almost directly from the ancient grits, schists, 
and sandstones on which they rest. The intrusive sheets have likewise found egress at 
every higher platform in the basalt-series, up at least to the base of the pale group in 
Mull—that is, through a continuous pile of more than 2000 feet of bedded basalt. But 
the intrusion did not proceed equally all round an orifice. At all events, the progress of 
denudation has revealed that on one side of a gabbro area the injected portions may occur 
on a lower stratigraphical level than they do on the opposite side. At the Cuillin Hills, 
for example, the visible sheets of dolerite and gabbro to the north of Coire na Creiche 
begin about 1600 feet above the sea, which must be much more than that distance above 
the bottom of the basalts. On the south-east side, however, they come down to the 
Torridon sandstone at Loch Scavaig; that is to say, their lowest members lie about 
the base of the bedded basalts, or more than 1600 feet below those on the opposite 
margin. 

6. The uprise of so much igneous material in one or more funnels, and its injection 
between the beds of plateau-basalt, would necessarily elevate the surface of the ground 
immediately above, even if we believe that surface to have been eventually disrupted and 
superficial discharges to have been established. If no disruption took place, then the ground 
would probably be upraised into a smooth dome, the older lavas being bent up over the 
cone of injected gabbro until the portion of the plateau so pushed upward had risen some 
hundreds of feet above the surrounding country. The amount of elevation, which would 


of course be greatest at the centre of the dome, might be far from equable all round, one 
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side being pushed up further or with a steeper slope than another side. But even in the 
case of the Cuillin Hill area, it is conceivable that the total uplift produced at the surface 
a gentle inclination of no more than 8° or 10°. 

It is along the periphery of a gabbro area that we may most hopefully search for 
traces of this uplift. But unfortunately it is just there that the work of denudation has 
been most destructive. There appears also to have been a general tendency to sagging 
subsequent to the gabbro protrusions, and the inward dip thereby produced has _ probably 
been instrumental in effacing at least the more gentle outward inclinations caused by the 
uprise of the eruptive rock. In one striking locality, however, to which I have already 
referred, the effects of both movements are, I think, preserved. The basalt-plateau 
of Strathaird, which in its southern portion exhibits the ordinary nearly level bedding, 
dips in its northern part at an unusually steep angle to the N.W., towards the gabbro 
mass of Blath Bheinn. But before reaching that mountain the basalts, much interbanded 
with sheets of dolerite and gabbro, suddenly bend up to form the prominent eminence of 


Fic. 42.—Theoretical representation of the structure of one of the Gabbro Bosses of the Inner Hebrides. a, platform of 
older rock on which the bedded basalts (6) have been poured out; c, gabbro. 


An Stac, where they dip rapidly towards S.E. and 8. (fig. 37). This steep dip away from 
the central mass of gabbro, is repeated in the hills to the north, where the beds are 
inclined to N.E., the angle gradually lessening northwards till they are truncated by 
the granophyre of Strathmore. The theoretical structure of one of the gabbro bosses is 
represented in fig. 42. . 

7. The injection of so much igneous material among the bedded basalts has induced 
in these rocks a certain amount of contact metamorphism. I have referred to it as 
showing itself in the field as a marked induration, the rocks becoming closer grained, 
dull, and splintery, weathering with a grey or white crust, while their amygdules lose 
~ their definite outlines, and epidote and calcite run in strings, veins, and patches through 
many parts of the rocks.* The microscopic characters of the altered basalts are described 
at p.167. 


* Many years ago I was much struck with the evidence of alteration in the igneous rocks of Mull, and referred to 
it in several papers, Proc. Roy. Soc. Edin. (1866-67), vol. vi, p. 73; Quart. Jour. Geol. Soc., xxvii. (1871) p. 282, note. 
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The structure and history of the gabbro bosses of the Inner Hebrides find a close 


parallel in those of the Henry Mountains of Southern Utah, so well described by Mr 
G. K. Grizert of the United States Geological Survey. In that fine group of mountains, 
rising to an extreme height of 5000 feet above the surrounding plateau, and 11,000 feet 
above the level of the sea, masses of trachyte have been injected between sedimentary 
strata belonging to the Jura-Triassic and Cretaceous systems. These masses, thirty-six 
in number, have consolidated in dome-shaped bodies, termed by Mr GriBert “ laccolites,” 
which have arched up the overlying strata, sending sheets, veins, and dykes into them, 
and producing in them the phenomena of contact metamorphism. There is no proof 
that any of these protrusions communicated with the surface, and there is positive 
evidence that most if not all of them did not. The progress of denudation has laid bare 
the inner structure of this remarkable type of hill, and yet has left records of every 
stage in its sculpture. In one place, are seen only arching strata, the process of erosion 
not having yet cut down through the dome of stratified rocks into the trachyte that was 


the cause of their uprise. In another place, a few dykes pierce the arch; in a third, where | 


a greater depth has been bared away, a network of dykes and sheets is revealed; in a 
fourth, the surface of the underlying “ laccolite” is exposed; in a fifth, the laccolite, 
long uncovered, has been carved into picturesque contours by the weather, and its original 
form is more or less concealed.* 

The gabbro “ laccolites ” of the west of Scotland belong to an older geological period 
than those of Utah, and have, therefore, been longer subject to the processes of 
denudation. They have been enormously eroded. The overlying cover of basalt has 
been stripped off from them, though from the escarpments beyond them it is not difficult 
in imagination to restore it. In Rum it has been so completely removed, that only a few 
fragments remain at some distance from the cone of gabbro which now stands isolated. 
In Ardnamurchan, and still more in Skye, the surrounding plateau of basalt remains in 
contact with the gabbro bosses. But in Mull, where the plateau basalts reach now, and 
perhaps attained originally a greater thickness than anywhere else, they have protected 
the intrusive sheets, which are less deeply cut away there than in any of the other 
districts, and no great central core of gabbro has yet been uncovered. 


IV. THE ACID ROCKS. 


We now come to the consideration of the last and in some respects the most singular 
phase of voleanic action during Tertiary time in Britain. Hitherto all the igneous rocks 
that have been under consideration in this memoir, whether injected below or poured 
out at the surface, have been of basic, some of them indeed, like the peridotites, of ultra- 
basic character. But we now encounter a great series, every member of which is more 
or less decidedly acid, and in which the excess of silica is very commonly visible to the 


* “Geology of the Henry Mountains,” by G. K. Gilbert, U. S. Geographical and Geological Survey of the Rocky 


Mountain Region, 1877. 
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eye in the form of free quartz. While in chemical composition there is the strongest 
contrast between this series and the rocks hitherto under discussion, there are also 
marked differences in structure and mode of occurrence. With one solitary exception 
(Scuir of Eigg), all the masses of acid rock are intrusive——that is, they have been injected 
beneath the surface, and therefore record for us subterranean and not superficial mani- 
festations of volcanic action. 

The existence of rocks of this class in the midst of the basic masses has long been 
recognised. They were noticed by JAMESON, who described the hills between Loch 
Sligachan and Broadford as composed of ‘‘a compound of felspar and quartz, or what may 
be called a granitel, with occasional veins of pitchstone.”* MaccuLLocH gave a fuller 
account of the same region, and classed the rocks as chiefly “‘ syenite” and “ porphyry.” t 
In Antrim, also, even in the midst of the basalt-tableland, masses of ‘ pitchstone-porphyry,” 
“‘ pearlstone-porphyry,” and “ clay-porphyry” were observed and described.{ In more 
recent years Professor ZiRKEL has given a brief account of the so-called “syenite and 
porphyry” of Mull and Skye§ and the late Professor Von Lasau.x fully described the 
trachyte of Antrim, in which he recognised the occurrence of tridymite.| 

It is remarkable that up to the present time no connected account of the petrography 
or of the geological relations of this interesting series of rocks has been published. Yet 
we find in it a greater variety of petrographical characters than in any other portion of 
the British Tertiary volcanic rocks. On the one hand, it presents us with thoroughly 
vitreous masses, some of which in their colour, lustre, and microscopic structure remind 
us of recent obsidians. On the other hand, it affords us coarsely crystalline compounds, 
to which we can assign no other name than granite, and which, did we not know their 
geological position, we might class with some of the most ancient eruptive rocks. Between 
these two extremes abundant gradations may be found. 

In dealing with such a series of intrusive rocks, we again encounter the difficulty of 
reaching certainty as to their relative dates of eruption, since in each case all that can 
usually be affirmed is that the intrusive mass is younger than that into which it is 
injected. It is quite possible that protrusions of acid rocks occurred at many intervals 
during the accumulation of the basic masses. We have already seen that in- gravels 
near the base of the basalt-plateau of Mull, and in the agglomerates of that island as 
well as of other districts, fragments of siliceous lavas occur. It is quite certain, therefore, 
that at the time when the basalts of the plateaux were emitted, there existed, within 
reach of volcanic explosions, masses of felsitic rocks, fragments from which were shot up 
the funnels of discharge. Whether portions of these rocks were actually intruded 
into the basalt-sheets before the building up of the plateaux was completed, or 
whether in some cases the molten material was poured out in streams of lava at the 

* Mineralogical Travels, ii. 90. 
+t Western Isles, see the descriptions of Skye, Mull, and Rum. 
t Berger, Trans. Geol. Soc., iii. (1816) p. 190. 


@ Zeitsch. Deutsch. Geol. Gesellsch., xxiii. (1871) pp. 54, 77, 84, 88. 
|| Tschermak’s Min. und Petrog. Mittheilungen, 1878, p. 412. 
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surface, cannot be decided from the evidence which I have as yet been able to gather. 
All I can affirm at present is—(1) that in no single instance have I met with a trace of 
any acid lava that reached the surface save that of the Scuir of Eigg, which belongs to a 
period long subsequent to the formation of the basalt-plateaux ; and (2) that where the 
relative ages of the rocks can be fixed, the acid protrusions are almost invariably the 
youngest. Indeed, the only exceptions to this rule are the latest basalt-dykes and 
possibly a few basic injections along the margins of the larger gabbro areas. Hence, 
while I frankly admit that the large and varied series of acid rocks, which no doubt 
represents a wide interval of time, may in part belong to comparatively early epochs in 
the protracted volcanic period, the actual available evidence places the emission of these 
rocks as a whole towards the end of the volcanic history. This evidence I shall bring 
forward in full detail, since it necessitates an abandonment of what up to the present 
has been the general belief in regard to the relative ages of the rocks. 


1. PETROGRAPHY. 


The classification of the rocks which best harmonises the field-evidence and the 
detailed study of their mineralogical composition, is one which arranges these volcanic 
protrusions into two series. In the first, the orthoclase is sanidine, and the rocks range 
from the most vitreous pitchstone through perlitic and spherulitic varieties to quartz- 
trachyte. In the second series, which embraces by far the largest proportion of the whole, 
the orthoclase is always turbid, and in this respect as well as in many others the rocks 
remind us rather of ancient eruptive masses than of those which have appeared in 
Tertiary time. They range from flinty felsitic varieties, which are obviously devitrified 
glasses through different textures of quartz-porphyry into granophyre, and finally into 
granite. As I have been unable to recognise any essential difference of structure and 
composition between these acid Tertiary rocks and those of far earlier geological time, I 
give them the names which no petrographer would hesitate to apply to them if they were 
of Paleozoic age. It has long appeared to me that these rocks furnish conclusive 
evidence of the misleading artificiality of any petrographical nomenclature in which 
relative antiquity is made an essential element of discrimination. 


1. Pitchstone and Trachyte Series. 


These rocks, though distributed over a tolerably wide area, never occur in the large 
masses characteristic of the felsitic and granophyric series. They almost always appear 
as veins, and usually in the vitreous condition, the only exceptions yet known being the 
bosses of trachyte which rise here and there through the Antrim basalt-plateau. 

Pitchstone.—This rock is found in veins or dykes which rise through different 
geological formations up to and including the great granophyre bosses of the Inner 
Hebrides. It also in one solitary example occurs as a lava-stream, or rather a succession of 
streams, piled over each other in the ancient river-bed of the Scuir of Eigg. It varies in 
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colour from a deep jet-black or raven-black to a pale bottle-green, and in lustre from an 
almost glassy obsidian-like to a dull resinous aspect. Occasionally it assumes a dull 
felsitic texture, owing to devitrification, and also a finely spherulitic structure. Some 
varieties appear to the naked eye to be perfectly homogeneous, others become porphyritic 
by the appearance of abundant sanidine crystals. 

The microscopic structure of the British pitchstones has only been partially worked 
out. The beautiful feathery microlites of the Arran dykes, first made known by Davin 
Fores, and subsequently described by ZIRKEL, ALLPoRT, and others, are well known objects 
to geological collectors. But no one has yet attempted to investigate the group as a 
whole. I have placed my tolerably large collection of specimens and their slides in the 
hands of Dr Hatcu, from whom we may expect before long a memoir on this interesting 
and still little known group of rocks. In the meantime, he has furnished me with 
some preliminary notes on the slides, from which I make the following generalised 
summary. 

At the one end of the pitchstone group we have a nearly pure glass, with no microlites, 
_ and only a few scattered crystals of sanidine, quartz, augite, or magnetite. The glass in 

thin slices is almost colourless, but generally inclines to yellow, sometimes to dark-grey. 
Some varieties of the rock are crowded with microlites, in others these bodies are 
gathered into groups, the glass between which is nearly free from them. Among the 
minerals that have been observed in this microlitic form are sanidine, augite, hornblende 
(forming the beautiful green feathery or fern-like aggregates in the Arran pitchstones), 
and magnetite. Sometimes the rudimentary forms appear as globulites or as belonites, 
but more commonly as dark trichites. Among the more definite mineral forms are 
grains of sanidine, quartz, and augite. The porphyritic crystals are chiefly sanidine, 
augite, and magnetite, but plagioclase occasionally occurs. The development of spheru- 
lites is well seen in a few of the slides, and occasionally perlitic structure makes its 
appearance. At the Scuir of Eigg, bands of a dull felsitic pitchstone occur, which under 
the microscope show that the glass has been so devitrified as to assume a cryptocrystalline 
structure. 

Quartz-Trachyte.—This rock has not yet been noticed in any other district than in 
Antrim, where it rises in occasional bosses among the plateau-basalts. It is best exposed 
at the Tardree and Carnearny Hills, where it has long been quarried. Its petrographical 
characters were fully described by Von LasavLx, who found the rock to be a typical 
quartz-trachyte rich in tridymite, and containing large crystals of glassy sanidine, isolated 
narrow laths of plagioclase (probaby andesine), grains of smoky-grey quartz, partly 
bounded by di-hexahedral faces, and a few scattered flakes of a dark-coloured mica. The 
ground mass is microgranitic, and under a high power is resolvable into a confused 
aggregate of minute microlites of felspar, with interstitial quartz-granules.* 

* Tschermak’s Min. wnd Pet. Mittheil., 1878, p. 412. 
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2. Felsite, Quartz-Porphyry, Granophyre, and Granite Series. 

Felsite and Quartz-Porphyry.—Under the general name of felsite, I class an abundant 
group of rocks, which macroscopically vary in texture from flinty or horny to dull fincly 
granular, and in colour from white through shades of grey, buff, and lilac, to black, 
generally with porphyritic felspars and blebs of quartz. Where these porphyritic 
enclosures increase in size and number, the rocks cannot be distinguished from ancient 
quartz-porphyries, and I have preferred to call them by that name. 

In no single instance have | found any vitreous variety among them, nor any 
remnant of true glass in their minute structure. But that many, if not all of them, were 
originally glasses can hardly be doubted. They often exhibit the most beautiful flow- 
structure, the lamine being distinctly visible to the naked eye as they curve round the © 
porphyritic crystals of earlier consolidation. Sometimes indeed this structure has been — 
so strongly developed as to cause the rock to weather along the planes of flow and to © 
break up into thin slabs. The passage of the original glass into a lithoid condition does | 
not seem to have been accompanied with the development of those well-marked types of 
microlites so characteristic of the pitchstones. On the contrary, I have never detected 
any other modification than that confused and indefinite aggregate which is known as 
felsitic. Occasionally a spherulitic structure may be observed. More frequently the 
peculiar radially-fibrous aggregation of quartz and felspar presents itself, which is the 
characteristic structure of the granophyres. There is thus a gradation from ordinary 
felsites and quartz-porphyries through granophyric varieties into perfect granophyres. 

The felsites and quartz-porphyries present many of the structures of rhyolites, and 
would in fact be classed by many petrographers under that name. But I think it better 
to keep the term rhyolite for those acid lavas wherein the felspar occurs as crystals of 
sanidine, which, together with quartz, are embedded in a microcrystalline felsitic or 
vitreous ground-mass. 

There is here again an obvious relation between lithological texture and geological 
position. Where the acid rocks have been injected into narrow chinks and fissures, they 
are finer in grain than in the centre of large masses, and have generally consolidated as 
veins or dykes of felsite or quartz-porphyry. Where they have accumulated in larger 
bosses, as in Mull and Skye, they have taken the form of granophyres or granites. - 
Along the margins of these bosses, where the conditions of cooling and crystallisation 
more nearly resembled those in the fissures, the rocks are finer in texture, and not 
unfrequently assume the felsitic or porphyritic aspect, and even show a more or less 
perfect flow-structure. 

Granophyre.—This term, which is here used in the sense employed by RosENBuscH 
(but without his limitation of it to pre-Tertiary rocks), embraces undoubtedly the most 
characteristic and abundant rocks among the acid protrusions of the Inner Hebrides. 
These vary in texture from a fine felsitic or crystalline-granular quartz-porphyry, © 
in the ground-mass of which porphyritic turbid felspar and quartz (sometimes bi- 
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pyramidal) may generally be detected, to a granitoid rock of medium grain, in which 
the component dull felspar and clear quartz can be readily distinguished by the 
naked eye. Throughout all the varieties of texture there is a strong tendency to the 
development of minute irregularly-shaped cavities, which here and there give a carious 
aspect to the rock. That these cavities, however, are part of the original structure of 
the rock, and are not due to mere weathering, is shown by the well-terminated crystals 
of quartz and felspar which project into them. On a small scale, it is the same structure 
so characteristic of the granite of the Mourné Mountains and of parts of that of Arran. 
Examined under the microscope, a normal specimen of the granophyre of the Western 
Isles presents a holocrystalline ground-mass, which fills all the interspaces between the 
erystals of earlier consolidation. This ground-mass consists of an aggregate of clear 
quartz and turbid orthoclase, arranged in the structure known as micropegmatite. In 
some parts these two minerals are grouped in alternate parallel fibres, diverging from the 
surface of the enclosed crystals, which are thus more or less completely surrounded by a 
radially fibrous mass. In other parts, the felspar forms a kind of network, the meshes of 
which are filled up with quartz. Through the ground-mass are scattered crystals of clear 
quartz and dull orthoclase, generally with some ferro-magnesian or other additional 
constituent, usually somewhat decomposed. In some varieties Dr Hatcu has found an 
abundant brown mica, as in the rock at Camas Malag, Skye. In others, a pyroxene occurs, 
which he finds in minute greenish grains, sometimes completely inclosed in the quartz. In 
a third variety the dark constituent is hornblende, the most remarkable example of which 
is one to be seen at Ishriff, in the Glen More of Mull, where the ferro-magnesian mineral 
takes the form of long dirty-green needles, conspicuous on a weathered surface of the 
rock. A fourth variety is distinguished by containing plagioclase in addition to or instead 
of orthoclase. In the rock of the sheet forming Cnoc Carnach, near Heast, in Skye, Dr 
Hatcu has observed both orthoclase and plagioclase scattered through a fine micro- 


pegmatitic ground-mass, and in a part of the boss at Ishriff he has found the rock to be 


composed mainly of plagioclase, in a micropegmatitic ground-mass of quartz and felspar, 
with a few scattered grains of a pale brown augite and grains of magnetite. A fifth 
variety is marked by the prominence of the crystals of quartz and felspar of earlier 
consolidation, and the fineness of grain in the surrounding micropegmatitic ground-mass, 
whereby a distinct porphyritic structure is developed. Rocks of this kind are macro- 
scopically like ordinary quartz-porphyries. 

The granophyres occur sparingly as veins or dykes. Conspicuous examples of their 
assumption of this form are to be seen in the light-grey veins which break through 
the dark gabbro at the lower end of Loch Coruisk, Skye. More massive and striking are 
the great dykes that run up the basalt-terraces on the north side of Loch Sligachan. ‘n 
the form of sheets intruded between the Jurassic strata, or between them and the base of 
some overlying series now removed, the granophyres (having the general aspect of quartz- 
porphyries) play an important part in the geology of Strath, in Skye. But it is as bosses 
that the granophyres attain their largest and most characteristic development, their 
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greatest area being in the groups of the Red Hills of Skye, between Loch Sligachan and 
Strath. 

Microgranite.—This name is applied to certain intrusive masses, which macro- 
scopically may be classed with the quartz-porphyries and felsites, but which micro- 
scopically are found to possess a holocrystalline granitic ground-mass of quartz 
and orthoclase, through which are scattered porphyritic crystals of the same two 
minerals, sometimes also with plagioclase, augite, magnetite, or apatite. Rocks of this 
type do not appear to be abundant. They occur as dykes and bosses, but occasionally 
also as sheets. I have collected them from Skye, Rum, and Ardnamurchan. 

Granite—That there are true granites among the acid rocks of the Tertiary volcanic © 
serics can no longer be doubted. As in their macroscopic characters the more coarsely 
crystalline granophyres are not to be distinguished from granites, and, as their dark 
ferro-magnesian constituent is generally hornblende, they were called by the older petro- 
graphers “ syenite”; that is, granite with hornblende instead of mica. In many of the 
granophyres, the microscope reveals transitional stages to granite. The peculiar micro- 
pegmatitic ground-mass may be observed so reduced in amount as only to appear here 
and there between the other minerals which are grouped in a granitic structure. From 
this condition, one step further carries us into a true granite, from which all trace of the 
granophyric character has disappeared. Such gradations may be traced even within short 
distances in the same boss of rock. Thus, portions of the interior of the boss of Beinn- 
an-Dubhaich, Skye, possess a thoroughly granitic arrangement of their component 
minerals, while a specimen taken from near the edge on the shore of Camas Malag, shows 
the appearance of the granophyric ground-mass. But, though the large bosses are 
usually somewhat coarsely crystalline in the centre, and tend to assume finer felsitic 
textures around their borders, as was observed long ago by OEYNHAUSEN and VoN 
Decuen,* the granitic structure is sometimes exhibited even at the very edge, and not 
only so, but in the dykes that protrude from the bosses into the surrounding rocks. 
Thus the Beinn-an-Dubhaich mass, at its margin on Camas Malag, sends a vein into the 
surrounding limestone, but though more close-grained than the main body of the rock, 
this vein is neither felsitic nor granophyric, but truly granitic in structure. 

So far as I have observed, the true granites contain a brown mica and also a little 
hornblende, both visible to the naked eye, but generally somewhat decomposed. These 
rocks are thus hornblende-biotite-granites (amphibole-granitites of RoseNBuscH). They 
may be defined as medium-grained aggregates of quartz, orthoclase (also plagioclase), 
biotite, and hornblende, with sometimes magnetite, apatite, epidote and zircon. Dr 
Hatcu informs me that he finds that in some instances (Beinn-an-Dubhaich) the 
quartz contains minute inclusions (glass?), bearing immovable bubbles with strongly 
marked contours; while in others (Beinn-na-Chro, Skye), this mineral is full of liquid 
inclusions with bubbles, sometimes vibratile, sometimes fixed. He remarks that the 
quartz and felspar have consolidated almost simultaneously, but that in some instances 


* Karsten’s Archiv, i. p. 89. 
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_(Marsco, Glen Sligachan) there are isolated roughly idiomorphic crystals, of a white, less 
turbid orthoclase, which belong to a slightly earlier consolidation than that of the more 
kaolinised felspar of the rest of the rock. 

With the Tertiary volcanic series of the West Highlands, I have little doubt that the 
granite of the island of Arran should be classed. In 1873 I gave my reasons for believing 
this rock to be of so recent date,* and subsequent microscopic examination has tended to 
confirm this inference by showing the occasional presence in the Arran granite of the 
same granophyric structure so characteristic of the acid rocks of Skye and Mull.t The 
granite of the Mourne Mountains has been shown by the Irish Geological Survey to be 
younger than some of the basic dykes of the south-east of Ireland, and older than 
others.{ And microscopic evidence in this case also links that rock with the granophyres 
of the west of Scotland. 


§ 2. Types oF SrRUCTURE. 


In the history of opinion regarding the relative position of the Tertiary eruptive rocks, 
no point has struck me more than the universal acceptance of what I must now term the 
misconception regarding the place of the acid protrusions. In tracing this mistake to its 
source, we find that it probably arose from the fact that along their line of junction the 
granitoid masses generally underlie the basic. This order of superposition, which would 
usually suttice to fix the age of two groups of stratified rocks, is obviously not of itself 
enough to settle the relative epochs of two groups of intrusive rocks. Yet it has been 
assumed as adequate for this purpose, and hence what can be proved to be really the 
youngest has been placed as the oldest part of the Tertiary volcanic series. 

MaccutLocu, who showed that his “syenites” and ‘“porphyries” had invaded the 
Secondary strata of the Inner Hebrides, and must therefore be of younger date than these, 
left their relations to the other igneous rocks of the region in a curiously indefinite 
position. He was disposed to regard them all as merely parts of one great series; and 
seems to have thought that they graduate into each other, and that any attempt to dis- 
criminate between them as to relative age is superfluous. Yet he evidently felt that the 
contrasts of topography which he described could hardly fail to raise the question of 
whether rocks so distinct in outward form did not differ also in relative antiquity. But 
he dismissed the question without answering it, remarking that if there is any difference 
of age between the two kinds of rock, “ there appears no great prospect of discovering 
it.”§ He records an instance of a vein of “ syenite” traversing the “ hypersthene rock” 
in the valley of Coruisk. ‘If this vein,” he says, ‘‘ could be traced to the mass of 
syenite, it might be held a sufficient ground of judgment, but under the present circum- 
stances, it is incapable of affording any assistance in solving the difficulty.”|| Instead, 


* Trans. Edin. Geol. Soc., vol. ii. part 3. 

+t See Mr TEALL’s British Petrography (1888), p. 328. 

t Explanation to Sheets 60, 61, and 71, Geol. Survey, Ireland, pp. 16, 30. 
§ Western Islands, i. p. 368; see also pp. 4£8, 575, 578. 

\| Op. p. 370. 
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however, of being a solitary instance, it is only one of hundreds of similar intrusions, _ 
which can be connected with the general body of granitoid and porphyritic rocks, and 
which put the relative ages of the two groups of rock beyond any further doubt. 

Bout, who knew the geology of some of the extinct volcanic regions of Europe, recog- 
nised the similarity of the Scottish masses to those of the Continent, and classed the 
acid rocks as “ trachytes.” He saw in each of the volcanic areas of the west of Scotland 
a trachytic centre, and supposed that the more granitoid parts might represent the centres 
in the European trachytic masses. He traced in imagination the flow of the lava-streams 
from these foci of volcanic activity, distinguishing them as products of different epochs 
of eruption, among the last of which he thought that the trachytic porphyries might have 
been discharged. He admitted, however, that his restoration could not be based on the 
few available data without recourse to theoretical notions drawn from the analogy of other 
regions.* 

In the careful exploration of the central region of Skye made by Von OEYNHAUSEN and 
Von DecHEN, these able observers traced the boundary between the “ syenite” and the 
“ hypersthene rock”; and as they found the former lying underneath the latter, they seem 
naturally to have considered it to be the older protrusion of the two.t Principal ForBgEs 
came to a similar conclusion from the fact that he found the dark gabbro always over- 
lying the light-coloured felspathic masses.t Professor ZIRKEL also observed the same 
relative position, and adopted the same inference as to the relative age of the rocks.§ 
Professor JuDD followed these writers in placing the acid rocks before the basic. He 
has supposed the granitoid masses to form the cores of volcanic piles probably of 
Kocene age, through and over which the extrusions of gabbro and the eruptions of the 
plateau-basalts took place.| 

Among the protrusions of acid rocks in the Tertiary volcanic areas of Britain four 
distinct types of structure may be noted, viz. (1) bosses, (2) sills or intrusive sheets, 
(3) veins and dykes, and (4) superficial lava-streams. Of these the first three belong © 
entirely to the underground operation of volcanism, the last is the only one which reveals 
the outflow of material at the surface. 


1. Bosses. 


These are irregular protrusions varying in size from knobs measuring only a few 
square yards up to huge masses many square miles in extent, and comprising groups of 
lofty hills. As a rule, their outlines are markedly irregular. Beneath the surface they 
plunge down almost vertically through the rocks which they traverse, but in not a few 
instances their boundaries are inclined to the horizon so that the contiguous rocks seem 


* Essai Géologique sur 0 Ecosse, pp. 291, 322, 327. 
+ Karsten’s Archiv, i. p. 82. 
Edin. New Phil. Jour., xl. (1846) p. 84. 
§ Zeitsch, Deutsch. Geol. Gesellsch., xxiii. (1871) pp. 90, 95. He says that the gabbro seems to be the younger rock, 
80 far as their relations to each other can be seen. 
|| Quart, Jowr. Geol. Soc., xxx. p. 255. 
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to rest against them, and sometimes lie in outliers on their sides and summits. From 
the margins of these bosses veins are given off into the surrounding rocks, sometimes 
only rarely and at wide intervals, in other places in prodigious numbers. 

The rock of which the bosses consist is generally granitoid in texture, passing on the 
one hand, particularly in the central parts, into a truly granitic character, and on the 
other, and especially towards the margin, into granophyre, quartz-porphyry, and various 
compact felsitic varieties, and sometites — along the outer 7 a more or less 
developed flow-structure. 8 

Decided contact metamérphism is ane round the bosses, bat is by no means 
uniform even in the same rock, some parts being highly altered, while others, exposed 
apparently to tke sanfe influences, have undergone little change. The most marked 
examples of this metamorphism are those in which the Lower Silurian limestone of Skye 
has been converted into a pure white saccaroid marble.* But the most interesting to the 
student of volcanic action are those where the altered rocks are older parts of the volcanic 
series. As the bosses of each volcanic area offer distinctive peculiarities they will here 
be described geographically. 

a. Mutu.—Though of comparatively small extent the bosses of the island of Mull 
probably afford to the geologist a larger amount of instruction than those of any 
other district. Especially important is the evidence which they contain of the true 
relations of the acid and basic groups of rocks. They have been laid bare in many 
natural sections, some of which, forming entire hill sides, are among the most astonishing 
in the whole wonderful series which, laid open by denudation, reveal to us the structure 
of these volcanic regions. They lie in two chief areas. One of these extends along the 
northern flanks of the mountainous tract from the western side of Beinn Fhada across 
Loch Ba’ to the west side of Glen Forsa. The other occupies for over three miles the 
bottom of Glen More, the deep valley which, skirting the southern side of the chief group 
of hills, connects the east side of the island by road with the head of the great western 
inlet of Loch Scridain. There are other minor areas. One of these extends for about a 
mile along the declivities to the south of Salen, across the valley of the Allt na Searmoin ; 
another occurs at Salen, a third runs along the shore at Craignure. In the interior also, 
many. isolated areas of similar rocks, besides thousands of veins, occur in the central group 
of hills and valleys which form the basins of the Glencannel and Forsa rivers. 

The chief northern boss, which for the sake of convenience of reference may be 
called that of Loch Ba’, has a length of nearly six miles, with a breadth varying from a 
quarter of a mile to about a mile and a quarter. It descends to within fifty feet of the 
sea-level, and is exposed along the crest of Beinn Fhada at a height of more than 1800 
feet. It chiefly consists of a grey crystalline rock which might readily be identified as 
a granite, but which when examined microscopically is found to possess the granophyric 
structure. But with this distinctly granular-crystalline rock are associated various 

yes: This susble was lelieved to be altered Lias; but I have proved it by lithological, stratigraphical, and 


paleontological evidence to be Lower Silurian (Quart. Jour. Geol. Soc., xliv. (1888) p. 62). 
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porphyritic and felsitic masses, which pass into it, and are more specially observable along 
its border. An exceedingly compact black quartz-felsite forms its southern boundary, 
runs as a broad dyke-like ridge from the head of the Scarrisdale Water, north- 
eastward across Loch Ba’ (fig. 43), and spreads out eastward into a mass more than a 
mile broad on the heights above Kilbeg in Glen Forsa. The sharp line of demarcation 
of this felsite, and its mass and extent, point to different periods of extravasation in the 
Loch Ba’ boss. 3 

The geologist, who approaches this district froms the north-enst, has his attention | 
arrested, even at a distance of severgl miles, by the contrast between the outer and inner © 
parts of the hills that lie to the south-wes¢ of Loch Ba’. He can readily trace from 
afar the dark bedded basic rocks rising terrace above’ terrace frém the shores of Loch 
na Keal to form the sea-ward faces of the hills along the southern side of that fjord. 
But he observes that immediately behind these terraces the mass of the rising ground 


Fic, 43.—View of the hills on the scuth side of the head of Loch na Keal, showing the junction of the bisiehees ‘ail the 
Bedded Basalts. One bird, the bedded basalts of the Gribon plateau; two birds, the bedded dolerites and basalts of Beinn 
a’ Chraig sdhering to the northern slope and capping the hill; three birds, summit of Ben More, with A’Chioch to the 
left and the top of Beinn Fhada appearing in the middle distance between them; four birds, the granophyre slopes of 
Beinn a’ Chraig with the great dyke-like mass of felsite on the left. 


obviously consists of some amorphous rock which weathers into white débris. Nothing 
can be sharper than the contrast of colour and form between the two parts of the hills. 
The bedded plateau-rocks lie as a kind of wall or veneer against a steep face of the structure- 
less interior (fig. 43). Seen from the other or hilly side, the contrast is perhaps even 
more striking. But the astonishment with which it is beheld at a distance becomes 
intensified when one climbs the slopes, and finds that the sheets of dolerite and basalt 
(which from some points of view look quite level, yet dip towards the north-east ata 
gentle angle), are immediately behind the declivity abruptly truncated by a mass of | | 
granophyre. So little disturbed are they, that one’s first impulse is to search for pebbles “7 
of the granophyre between the basalts, for it seems incredible that the inner rock should 
be anything but a central core of older eruptive material, against and rotfnd which the 
younger basic rocks have flowed. But, though the orpophyre is s0- . decomposinty 
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and covers its slopes with such “screes” of débris, that had the basalts been poured round it, 
they must infallibly have had some of its fragments washed down between their 
successive flows, not a single pebble of it is there to be found. This might not be 
considered decisive evidence, but it is extended and confirmed by the fact that the acid 
rock gives off veins which ramify through the basalts. 

In the bed of the south fork of the Scarrisdale stream, a separate boss of granophyre 
(which under the microscope exhibits in perfection the characteristic structure of this rock), 


Fic. 44.—Section on south side of Cruach Torr an Lochain, Mull. a, bedded basalts and dolerites; b, granophyre ; 
¢, felsitic band; dd, veins of felsite traversing the basic rocks. 


protrudes through the basalts in advance of the main mass, and a little higher up on the 
outskirts of that mass narrow ribbons of the granophyre run through the basic rocks. 
The contrast of colour between the pale veins of the intrusive rock and the dark tint of 
the basalts is well shown in the channel of the water. Similar sections may be seen on 
the flanks of Beinn Fhada, especially in the great corry north of Ben More, where the 
granophyre sends a tongue of finer grain between the beds of basalt. On the east side 
of Loch Ba’ numerous proofs of similar intrusion 
may be observed. Thus at the east end of Loch 
na Dairidh, where the granophyre has been in- 
truded into the basalts, hand-specimens may be 
obtained showing the two rocks welded together. 
On the slopes of Cruach Torr an Lochain, where 
“the granophyre has a felsitic selvage, the bedded 
b ee basalts are traversed by veins of the latter material 
Fic. 45.—Section at head of Allt na Searmoin, Mull. (fig. 44). A little further east, at the head of 
and Goleites, with the Allt na Searmoin, the bedded basalts, some 
of which are separated by slaggy scoriaceous sur- 
faces, are intersected by another protrusion from the compact felsitic porphyry (fig. 45).* 
A mile lower down the same valley a separate mass of granophyre sends out veins into 
the basalts. 
As the posteriority of the granophyre and felsites to the basalts is thus proved, the 
further question remains as to their mode of intrusion. Here and there, especially on 


* This rock appears to the eye as a black finely crystalline-granular felsite. Under the microscope “ it presents a 

markedly granulitic structure, consisting mainly of small rounded grains of dirty brown turbid felspar, with isolated 
granules of colourless quartz. Scattered through the rock, or accumulated in patches, are small spherical or drop-like 
granules of a bright green augite (coccolite).”—Dr Harcu. 
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the south-eastern side, between the head of the Scarrisdale river and Loch Ba’, the line | 


of junction between the two rocks is nearly vertical, but a body of black felsite 
intervenes as a huge wall between the ordinary granophyre and the basalt. On Beinn 
Fhada and Beinn a’ Chraig the line of separation, as I have above remarked, is inclined 
outwards, and plunges under the basalts at an angle of 30° to 40°. The terraced basalts and 
dolerites are not sensibly disturbed, but end off abruptly against the steep face of intrusive 
rock. We might suppose that in this case the younger rock had merely carried upward 
the continuation of the beds that are truncated by it. But on the top of the ridge of Beinn 
a’ Chraig we find that the outliers which there remain are not portions of the lower 


basalts, but of the upper pale group of Ben More. The same rocks are prolonged on | 


the other side of the Scarrisdale Glen, sweep over the summit of Beinn Fhada, and run 
on continuously into the crest of A’Chioch and the upper part of Ben More. The 
granophyre has usurped the place of the lower dolerites and basalts, but has left the 


felspathic lavas of the “pale group” in their proper position. And to make this 
remarkable structure still more clear, sections may be seen on the southern flanks of 


Beinn Fhada, where the upper surface of the granophyre comes down obliquely across — 


A 


Fic. 46.—Section on eouth side of Beinn Fhada, Mull. aa, bedded basalts and dolerites ; 
| b, pale group” of Ben More; c, granophyre. 


the edges of the lavas, and allows the junction of the basalts and the “pale group” to 
be seen above it (fig. 46). 

Contact metamorphism has been produced around this intrusive boss. It is most 
marked in the outliers that cap Beinn a’ Chraig and on the two ridges to the south- 
west. In the field, it is seen to consist in a high degree of induration, the production 
of a shattery irregularly jointed structure, and the effacement of the obvious bedding 
which characterises the unaltered rocks. The microscopic changes will be described on 
a later page, together with those of other districts. 

The position of this eruptive mass, quite a mile broad, breaking through, without 
violently tilting them, more than 1800 feet of the bedded basalts, and then stopping 
short about the base of the “pale group,” presents a curious problem to the student 
of geological physics. It at once reminds him of many sections among Paleozoic 
granites where an eruptive boss has ascended and taken the place of an equivalent 
volume of the surrounding rocks, which, though more or less metamorphosed, are not 
made to dip away from it as from a solid wedge driven upwards through them. In this 
Mull case, however, there are some peculiar features that deserve consideration, for 
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they seem to show that here as elsewhere passages for the uprise of the intrusive 
rock were already provided by the presence of volcanic pipes, which, even if filled up 
with fragmentary materials, would no doubt continue to be points of weakness, 
Round the flanks of the Loch Ba’ boss, and here and there on its surface, patches 
of intensely indurated volcanic agglomerate may be detected. A little to the south 
of the tarn called Loch na Dairidh, the granophyre is succeeded by the black flinty 
felsite already referred to. This rock in some places exhibits a beautiful flow- 
structure, with large porphyritic felspars, and incloses a great many fragments of 
dolerite and gabbro, varying from the size of a pea up to blocks several inches in 
diameter. Lying on its surface are detached knolls of much altered dolerite, basalt, 
and coarse breccia or agglomerate. On its southern margin one of these patches of 
agglomerate contains abundant fragments of various felsitic rocks, among which are 
pieces of a compact rock with flow-structure like that found in place immediately to 
the north; also rounded pieces of quartzite, and of compact and amygdaloidal basalt 
wrapped up in a very hard matrix which seems to consist largely of basalt-dust. No 
bedding can be made out in this rock, and the mass looks like part of a true neck. 
Further down the slope the bedded basalts appear. The actual junctions of the different 


e 
Fic. 47.—Section to south of Loch na Dairidh, Mull. a, basalts; b, dolerites; c, volcanic agglomerate ; 
d, black felsite; granophyre, 


rocks cannot be satisfactorily traced, but the structure of the ground appears to me to 
be as shown in fig. 47. A patch of similar agglomerate appears a little to the south- 
west of the last section in front of a cliff of the felsite, and seems to be enclosed in 
the latter rock, and other exposures of agglomerate, underlain and intensely indurated 
by the felsite, may be noticed on the ground that slopes towards Loch Ba’. 

That these agglomerates do not belong to the period of the eruption of the grano- 
phyre and felsite, but to that of the bedded basalts, may be inferred from their intense 
induration next the acid rocks, and also from the fact that similar breccias are actually 
found here interposed between the bedded basalts. This is well shown on the hill above 
the Coille na Srdine, where the accompanying section can be seen (fig. 48). The broad 
dyke-like mass of black flinty felsite already referred to runs as a prominent rib over the 
southern end of Beinn a’ Chraig into the head of the Scarrisdale glen (see fig. 43), It 
cuts across the bedded basalts, and immediately to the south of where these appear, a thin 
intercalated bed of breccia crops out, of the usual dull-green colour, with abundant frag- 
ments of basalt and many of yellow and grey felsite. 

From these various facts we may, I think, conclude that along the strip of ground now 
occupied by the Loch Ba’ boss of granophyre and felsite, there once stood a line or 
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group of small vents, from which, besides the usual basalt-débris, there were ejected many 
pieces of different felsitic (or rhyolitic) rocks, and that these eruptions of fragmentary 
material took place during the accumulation of the plateau-basalts. The existence of 
these volcanic funnels occasioned a line of weakness of which, in a long subsequent 
episode of the protracted volcanic period, the acid rocks took advantage, forcing them- 
selves upwards therein, and leaving only slight traces of the vents which assisted their 
ascent. 

The second or Glen More boss, instead of rising into hilly ground, is confined to the 
bottom of the main and tributary valleys, and has only been revealed by the extensive 
denudation to which these hollows owe their origin. It begins nearly a mile below 
Torness and extends up to Loch Airdeglais—a distance of almost four miles. Though 
singularly devoid of topographical feature, it exhibits with admirable clearness the 
relation of the granophyres to the gabbros, and thus deserves an important place among 
the tracts of acid rocks in the Western Islands. Its petrographical characters change 


Fic. 48.—Section of junction of south side of Loch Ba’ Granophyre boss, with the Bedded Basalts, Mull. a, bedded 
basalts; 6b, basalt-tuff and breccia; c, granophyre; d, black felsite; ¢, coarse dolerite dyke, 30 or 40 feet wide. 


considerably from one part of its body to another. For the most part, it is a true grano- 
phyre, sometimes with orthoclase, sometimes with plagioclase as its predominant felspar. 
At Ishriff, as already stated, it is sprinkled with long acicular decayed crystals of horn- 
blende ; but at the watershed the ferro-magnesian mineral is augite. The surrounding 
rocks are mainly the plateau-basalts, with their intruded sheets of dolerite and gabbro. 
This strip of granophyre sends abundant apophyses from its mass into the dark basic 
rocks around it. Some of the best sections to show the nature of these offshoots are to 
be found on the steep hill-slope which mounts from the watershed in Glen More 
southward into the Creag ua h-Iolaire (Eagle’s Crag), and thence up into the great 
gabbro ridge of Ben Buy. From the main body of granophyre a multitude of veins 
ascends through the basalts and gabbros from 2 feet or more in breadth down to mere 
filaments. Even at a height of 300 feet up the hill some of these veins are still 3 inches 
broad, and present the usual granophyric structure, though rather finer in grain than the 


general mass of the boss, and sometimes assuming a compact felsitic or spherulitic texture 
VOL, XXXV. PART 9, x 
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at the immediate contact with the surrounding rock. One of the most striking proofs 
of the posteriority of these veins is furnished by the perfect flow-structure they not 
infrequently exhibit along their margins, their long felspar crystals being arranged 
parallel to the walls in lines that follow the sinuosities of the boundary between the two 
rocks (fig. 49). Patches of gabbro and of the indurated basalts may be seen lying on 


4 
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Fic. 49.—Mass of dark Gabbro about two feet in diameter traversed by pale veins of Granophyre, 
lying on north slope of Creag na h-Iolaire, Mull. 


the granophyre, from which veins and strings ramify through them (fig. 50). Similar 
veins can be traced upward into the main body of coarse gabbro, forming the ridge of 
Ben Buy. Some of them are of the usual granular granophyric texture, others are dull 
fine-grained porphyries (claystones of the older authors). 

Hence it is evident that the granophyres in Mull have been protruded not only after 


Fic, 50.—Section at Creag na h-Iolaire, Glen More, Mull, showing Basalts and Gabbros resting on and pierced by Granophyre. 
a, much indurated and altered basalts and dolerites; 6b, gabbro; c, granophyre; dd, basalt dykes. 


the accumulation of the plateau-basalts, but after these were traversed by the sheets and 
veins of gabbro. The amount of acid rock injected into these older rocks over the 
mountainous part of the island is enormous; but I reserve further reference to it for the 


section on dykes and veins, for these are the forms in which it chiefly occurs. It should 
be added, that in the localities here referred to basalt-veins and dykes are generally 
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abundant, cutting through all the other rocks (fig. 50). So numerous are they that the © 
geologist ceases to take note of them when his thoughts are engaged upon the problems 
presented by the masses through which they rise. 

b. Smatt Istes.—In the island of Eigg three small bosses or sheets occur. That 
at the northern end rises through the Jurassic sedimentary rocks, and forms a bold cliff 
from 150 to 200 feet high. It is a light grey granophyric porphyry, with rounded blebs 
of quartz in a micropegmatie base of quartz and felspar. The other two masses, of 
smaller size, cut through the bedded basalts.* 

In the opposite island of Rum, the acid protrusions play a much more important part. 
On the east side of the hills, they occur in sheets at the base of the gabbros; on the west — 
side, they form a large tract of hilly ground, which, stretching along the coast line for 
about three and a half miles from the headland of A’ Bhrideanach to Harris, forms there 
a range of shattered sea-cliffs, parts of which tower for 1000 feet above the Atlantic 
breakers that beat about their base. The area extends inland to the slopes on the west 
side of Loch Sgathaig, a distance of about three and a half miles, descending in a range 
of precipices along its northern front, and reaching in its culminating summit, Orval, a 


Fic. 51.—Section on north side of Orval, Rum. a, Cambrian sandstones; }, bedded basalts of Fionn Chiro; 
dolerite ; d, quartz-porphyry. 


height of 1868 feet above the sea. The rocks of which this triangular area consists 
resemble those of the Mull bosses. They are chiefly quartz-porphyries, becoming felsitic 
in texture towards their contact with adjacent rocks. In some places, as was noticed by 
MaccuLLocu on the sea-cliffs,t they have a rudely bedded structure. Thus on the north- 
west front of Orval, this structure is shown by parallel planes that dip outwards or NW. 
at 30° to 40°, and which are made still more distinct by an occasional intrusive dyke or 
sheet of basalt between their surfaces. I shall again have occasion to refer to the 
internal arrangement of the granitoid bosses, in the account of those of Skye. 

Like the gabbros already noticed, the granophyres, porphyries, and felsites of Rum 
have been intruded at the base of the volcanic series, and over much, if not all, of their 
area lie directly on the red Cambrian (Torridon) sandstone. That the bedded basalts 
once covered them is shown by the position of the three outliers of the basalt-plateau 
already noticed. But a fourth outlier still lies upon the porphyry of Orval as a cake that 
dips gently northward. It consists of a bedded, dark, finely crystalline, ophitic dolerite, 
porphyritic in places, with a rudely prismatic or columnar structure (fig. 51). It has 
undergone contact metamorphism, and tongues from the underlying rock project up 
* Quart. Jour. Geol. Soc., xxvii. (1871) p. 294. + Western Islands, vol. i. p. 487. 
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into it. On the south-eastern side of the same hill, still more striking evidence is 
presented of the posteriority of the acid to the basic rocks. The porphyry shows here 
the same tendency to assume a bedded structure, the parallel “beds” again dipping 
outward or SE. at 40°. They plunge under the body of gabbro, dolerite, and other 
intrusive masses which from this point stretch eastward into the great cones of Allival 
and its neighbours, The rock at the junction is a fine microgranite with traces of micro- 
pegmatite. It is composed of a holocrystalline base of quartz and orthoclase, with 
porphyritic crystals of microcline, blebs of quartz and scattered granules of augite. The 
rocks that rest immediately next it are basalt and dolerite, into which it has sent an 
intricate network of veins (fig. 52).* It sends also long tongues down the slope into 
these rocks, some of which may be seen traversing the dolerite and gabbro veins that cut 
the basalts. The basic rocks next the porphyry have been intensely altered. They seem 
in places as if they have been shattered by some explosive force, and had then been 
invaded by the mass that rushed into all the rents thus caused. The nature of the 
contact metamorphism produced by the acid protrusions is described at p. 167. 


Fig. 52.—Junction of Quartz-Porphyry (Microgranite) and Basic one south-east side of Orval, Rum. 
a, basalts and dolerites; , dolerite and gabbro veins; ¢, quartz-porphyry cutting a and 3. 


c. SkYE.—It is in the island of Skye that the granitoid bosses attain their largest 
dimensions. They cover there a total area of about 25 square miles, and form char- 
acteristic groups of hills from 2000 to 2500 feet in height. On the south-east side, a 
group of three conspicuous cones rises from the valley of Strath (Beinn Dearg Mhor 
Beinn Dearg Bheag, and Beinn na Caillich). A solitary graceful pointed cone (Beinn na 
Cro) stands between Strathmore and Strathbeg, while to the north-west a continuous 
chain of connected cones runs from Loch Sligachan up into the heart of the Cuillin Hills. 
Their conical outline, their smooth declivities, marked with long diverging lines of screes, 
and their pale reddish or reddish-yellow hue, that deepens after a shower into glowing 
orange, mark off these hills from all the surrounding eminences, and form in especial a 
singular contrast to the black, spiry, and rugged contours of the gabbro heights to the west 
of them. 

Besides this large continuous mass, a number of minor bosses are scattered over the 
district. Of these the largest forms the ridge of Beinn an Dubhaich, south of Loch — 


* In a thin slice cut from a specimen showing the junction, there is a minute vein of the porphyry penetrating the 
basalt which is much altered, while the porphyry becomes much finer in grain than at a distance from the contact. 
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Kilchrist. Several minor protrusions lie between that ridge and the flank of Beinn 
Dearg. Another forms the moory ground above Corry ; several occur on the side of the 
Sound of Scalpa, about Strollamus ; and one, already referred to, lies at the eastern base 
of Blath Bheinn. 

In so extensive a tract, there is room for considerable diversity of composition and 
texture among the rocks of which it consists. I have already stated that in some 
places, more particularly in the central parts of the hills, the rock assumes the eharacter of 
a granite, being made up of a holocrystalline aggregate of quartz, orthoclase, plagioclase, — 
hornblende, and biotite, without granophyric structure. It is then a hornblende-biotite- — 
granite (quartz-syenite, granite-syenite of ZIRKEL, or amphibole-granitite of RosENBuUscH), 
By the development of the micropegmatitic structure and radiated spherical concretions, it 
passes into granophyre. By the appearance of a felsitic ground-mass, it shades off inte 
different varieties of quartz-porphyry (rhyolite of some authors), sometimes with distinct 
bi-pyramidal crystals of quartz.* As it is convenient to adopt some general term to 
express the whole series of varieties in the Skye area, I shall use the word granophyre 
for this purpose. 

That the large area of these rocks in Skye must have been the result of many 
separate protrusions from distinct centres of emission may be inferred, I think, not 
only from the varieties of petrographical character in the material, but also from the 
peculiar topography of the ground, and perhaps from the curious relation which seems, 
in some instances at least, to be traceable between the external features and apparent 
internal structure of the hills. It will seen from the map (Plate II.) that in the area lying 
to the east of Strath More, the granophyre is broken up into nearly detached portions by 
intervening patches of older rocks. There can be little doubt that the mass of Beinn na 
Caillich and the two Beinn Deargs is the product of a distinct orifice, if not of more 
than one. Beinn na Cro, lying between its two deep bounding glens, is another 
protrusion. The western cones stand so closely together that their screes meet at the 
bottoms of the intervening valleys. Yet each group is not improbably the result of 
emission from an independent funnel, | 

But, though I believe this large area of granitoid rock to have proceeded not from one 
but from many orifices, I have only here and there obtained, from the individual hills 
themselves, indications of an internal structure suggestive of distinct and successive 
protrusions of material from the same vent of discharge. On the outer declivities of 
some of the cones, we may detect a repetition of that rudely bedded structure to which 
reference has been made as occurring in Rum. This structure is specially observable 
along the east side of Glen Sligachan. Down the northern slopes of Marsco the 
granophyre (here in part a hornblende-biotite-granite) is disposed in massive sheets 
or beds that plunge outwards from the centre of the hill at angles of 30° to 40°. On the 
southern front of the same graceful cone, as well as on the flanks of its neighbour, Ruadh 


a me account yet published of these varieties in Skye is that by Prof. ZIRKEL, Zeitsch. Deutsch. Geol. Gesellsch., 
xxi. (1871) p. 88. 
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Stac, still plainer indications of a definite arrangement of the mass of the rock in irregular 
lenticular beds may be noticed. These beds, folding over the axis of the hill, dip steeply 
down as concentric coats of rock. The external resemblance of the red conical mountains 
of Skye to the trachyte puys of Auvergne was long ago remarked by J. D. Forses,* and 
in this internal arrangement of their materials, indefinite though it may be, there is a 
further resemblance to the onion-like coatings which Scropr thought he could detect in 
the interior of the Grand Sarcoui.t | 

Where the contour of the cones is regular, and the declivities are not marked by 
prominent scars and ribs of rock, this monotony of feature betokens a corresponding 
uniformity of petrographical character. But where, on the other hand, the slopes are 
diversified by projecting crags and other varieties of outline, a greater range of texture 
and composition in the material of the hills is indicated. This relation is well brought 
out on the western front of Marsco, where numerous alternations of granitoid and felsitic 
textures occur. On many declivities also, which at a distance look quite smooth, but 
which are really rough with angular blocks detached from the parent mass underneath, an 
occasional basalt-dyke will be observed to rise as a prominent dark rib. A good example 
of this structure is to be seen on the south front of Beinn na Caillich. Where a group of 
dark parallel dykes runs along the sides of one of these pale cones it sometimes produces 
a curiously deceptive appearance of bedding. A good illustration may be noticed on the 
southern front of Beinn Dearg Meadhonach, north from Marsco, When I first saw that 
hillside I could not realise that the parallel bars were actually dykes until I had crossed 
the valley and climbed the slopes of the hiil.t 

Occasionally round the margin of the granophyre a singular brecciated structure is to 
be seen. It is most marked on weathered faces, and may be observed on the flanks of 
Glamaig and of Marsco. But when the rock is broken open, it is less easy to detect the 
angular and subangular fragments from the surrounding matrix, which is finely crystalline 
or felsitic. 

The actual junction of the eruptive mass with the surrounding rocks through which it 
has ascended is generally a nearly vertical boundary, or the granophyre plunges -at a 
steep angle under the rocks that lie against or upon it. On the north of Glamaig, for 
instance, the porphyritic and felsitic margin of the great body of eruptive rock descends 
as a steeply inclined wall, against which the red sandstones and marls at the base of the 
Secondary formations are sharply tilted. On the south side of the area, a similar steep 
face of fine-grained rock forms the edge of the granophyre of the great southern cones, 
and plunges down behind Lias limestone and shale, Lower Silurian limestone and 
quartzite, or portions of the Tertiary volcanic series. Yet there can be no doubt that, 
along many parts of the boundary-line, the eruptive mass extends underneath the surface 


* Edin. New Phil. Jour., xl. p. 78. + Geology and Extinct Volcanoes of Central France, 2d edit., p. 68. 
t The difference of contour and colour between the ordinary reddish smooth-sloped “ syenite ” and the black craggy 


“ hypersthene rock” and “greenstone” at the Glamaig group of hills caught the eyes of Von OveNHAUSEN and VON 
DecHEN (Karsten’s Archiv, i. p. 83). 
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far beyond the actual base of the cones, for projecting knobs as well as veins and dykes — 
of it rise up among the surrounding rocks. This may be well seen along the northern 
foot of Beinn na Caillich. But of all the Skye bosses none exhibits its line of junction 
with the surrounding rocks so well and continuously as Beinn an Dubhaich. This isolated 
tract of eruptive material lies entirely within the area of the Lower Silurian limestone, 
and its actual contact with that rock, and with the basalt-dykes that traverse it, can be 
examined almost everywhere. The junction is usually vertical or nearly so, sometimes 
inclining outwards, sometimes inwards. It is notched and wavy, the granophyre sending 
out projecting spurs or veins, and retiring into little bays which are occupied by the 
limestone. The rock of the boss is massive and jointed, splitting up into great quad- 
rangular blocks like a granite, and weathering into rounded boulders. It is in some 
parts a hornblende-biotite-granite, its granitic composition and texture being best seen 
where the mass is broadest, south of Kilbride. Towards its margin, on the shore of 
Camas Malag, the granophyric structure appears especially in narrow ribbons or veins 
that run through the more granitic parts of the rock. 

Immediately to the south of this bay, the junction with the limestone is well displayed, 
and the eruptive rock, which is there granitic in character, sends out into the limestone 
a vein or dyke about two feet broad, of closer grain than the main body of the boss, but 
showing a distinctly granitic structure. The junction on the north side is equally well 
seen below the crofts of Torran. Here the rock of the boss, for a few yards from its 
margin, assumes a fine-grained felsitic aspect, and under the microscope presents a curious 
brecciated appearance, suggestive of its having broken up at the margin before final 
consolidation. Portions of the already crystallised granite seem to be involved in a 
microgranitic base. The rock has here truncated a number of basalt-dykes which inter- 
sect the Silurian limestone, 

On the surface of the mass of Beinn an Dubhaich, a few little patches of limestone 
occur to the south of Kilchrist Loch. Considering the nearly vertical wall which the 
granophyre presents to the adjacent rock all round its margin, we may perhaps reasonably 
infer that these outliers of limestone are remnants of a once continuous limestone sheet 
that overlay the eruptive rock, and hence that, with due allowance for considerable 
denudation, the present surface of the boss represents approximately the upper limit to 
which the: granophyre ascended through the limestone. The actual facts are shown in 
fig. 53. 

All round the margin of this boss, the limestone has been converted for a variable 
distance of a few feet or many yards into a granular crystalline marble. The lighter 
portions of the limestone have become snowy white ; but some of the darker Carbonaceous 
beds retain their dark tint. The nodules of chert, abundant in many of the limestones, 
project from the weathered faces of the marble. The dolomitic portions of the series 
have likewise undergone alteration into a thoroughly crystalline-granular or saccaroid 
rock. The most thorough metamorphism is exhibited by portions of the limestone 
which are completely surrounded by and rest upon the granophyre. The largest of these 
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overlying patches was many years ago quarried for white marble above the old Manse 
of Kilchrist. I have recently shown that this limestone, instead of belonging to the 
Lias, forms a part of the Lower Silurian series, being a continuation of the fossiliferous 
limestone of western Sutherland and Ross-shire.* 

The generally vertical line of separation between the rock of Beinn an Dubhaich and 
the contiguous limestone has been taken advantage of for the segregation of mineral 
veins. On the southern boundary at Camas Malag, a greenish flinty layer, from less than 
an inch to two or three inches in widtii, consisting of a finely granular aggregate of 
some nearly colourless mineral, which polarises brilliantly, coats the wall of the 
granophyre, and also both sides of the vein which proceeds from that rock into the 
limestone. But the most abundant and interesting deposits are metalliferous, 
Fragments of a kind of “gossan” may be noticed all along the boundary-line of the 
boss, and among these are pieces of magnetic iron-ore and sulphides of iron and copper. 
The magnetite may be seen in place immediately to the south of Kilbride. A mass of 
this ore several feet in diameter sends strings and disseminated particles through the 


Fic, 53.—Section across the north slepe of Beinn an Dubhaich. aa, Lower Silurian limestone ; 
bb, basalt dykes; ¢, granophyre. 


surrounding granophyre, and is partially coated along its joints with green carbonate of 
copper. 

Relations of the Granophyre to other Members of the Volcanic Series.—It is the 
connection of the eruptive bosses of acid rocks with the other members of the volcanic 
series that is chiefly of interest for the purpose of the present memoir. From the Skye 
area, important evidence is obtainable in regard to the relation of these bosses to (1) 
earlier eruptive vents filled with agglomerate ; (2) the bedded basalts of the plateaux; 
(3) the sheets and bosses of gabbro and dolerite ; and (4) the great system of basic dykes. 

(1) Relation to older Eruptive Vents—The granophyre of Beinn na Caillich and the 
two Beinn Deargs has invaded on its north-eastern side the Lower Silurian limestone 
and quartzite, and has truncated the sheets of intrusive dolerite and gabbro that have 
there been injected into them. But to the south-west it rises through the great mass of 
agglomerate already described, and continues in that rock round to the entrance into 

* Quart, Jour. Geol. Soc., vol. xliv. (1888) p. 62. 
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Strath Beg. Judging from the respective areas of the granophyre and agglomerate, we 
may infer that the former has not risen here exactly in the centre of the old funnel, but 
rather to the north of it. It is no doubt this fortunate divergence that has spared a 
segment of the vent from obliteration. It is interesting to observe, however, that the 
granophyre has likewise risen along the outer or southern margin of the agglomerate, 
generally between that rock and the limestone, but sometimes entirely within the 
agglomerate. The distance between the nearest part of this ring of eruptive rock and 
the edge of the boss of Beinn an Dubhaich is under 400 yards, the intervening space 
being occupied by limestone (or marble), much traversed by N.W. basalt-dykes. These 
dykes do not enter the rocks of the vent, and are abruptly truncated by the mass of 
Beinn an Dubhaich. The structure of this locality in shown in fig. 54. Further 
westward, the group of vents, which as we have seen probably rose out of the plateau 
basalts, first served for the rise of the masses of gabbro, and the subsequent pro- 
trusion of the granophyres has destroyed or concealed any relics of it that might have 
survived. 


Fic. 54.—Section from Beinn Dearg to Beinn an Dubhaich, Skye. aa, Lower Silurian limestone; bb, volcanic agglomerate ; 
eec, basalt-dykes older than granophyre; d', granophyre of Beinn Dearg; d*, granophyre in the agglomerate neck; d’, 
granophyre of Beinn an Dubhaich ; ¢, basalt-dyke younger than granophyre. 


(2) Relation to the Bedded Basalts of the Plateavx.—On the north-west side, the 
granophyre of Glamaig and Glen Sligachan mounts directly out of the bedded basalts. 
These latter rocks, which rise into characteristic terraced slopes on the north side of Loch 
Sligachan, appear on the south side immediately to the west of Sconser, and stretch west- 
wards round the roots of Glamaig into the Coire na Sgairde. As they approach that hill 
they assume the usual dull, indurated, splintery, veined character, where they have under- 
gone contact metamorphism, and weather with a light crust. Some of them are highly 
amygdaloidal, and between their successive beds thin bands of basalt-breccia, also 
much hardened, occasionally appear. Veins of granophyre become more numerous 
as we come nearer the main mass of that rock. The actual line of junction runs 
into the Coire na Sgairde and slants up the Druim na Ruaige, ascending to within a 
few feet of the top of that ridge. A dark basic rock lies on the granophyre, the latter 
being here finer grained and greenish in colour, and projecting up into the former. There 


is so much detritus along the sides and floor of Glen Sligachan that the relations of the 
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two groups of rock cannot be well examined there. But the basalts, which present their 
ordinary characters to the north of the Inn, are observed to become more and more 
indurated, close-grained, dull, and splintery as they draw nearer to the granophyre of 
Marsco. This part of the district furnishes the clearest evidence of the posteriority of 
the great cones of Glamaig and its neighbours to the plateau-basalts which come up to 
the very base of these hills. 

Round the eastern group of cones some interesting fragments of the once continuous 
sheet of basic rocks remain, to show the same relation of the acid protrusions on that side. 
One of these lies on the granophyre of the flanks of Beinn na Caillich, a little to the west 
of the loch at the northern base of that hill. Another of larger size forms a prominent 
knob about three-quarters of a mile further west, and is prolonged into the huge dark 
excrescence of Creagan Dubha, which rises in such striking contrast to the smooth red 
declivities of the granophyre cones around it. This prominence at its eastern and 
northern parts consists of highly indurated splintery basalt in distinct beds, some of 
which are strongly amygdaloidal. The bedding is nearly vertical, but with an inclination 
inwards to the hill. Towards the south-west end a thin band of basalt-breccia makes its 
appearance between two beds of basalt. Its thickness rapidly increases southward until 
it is the only rock adhering to the granophyre. Beyond the foot of the hill, Lower 
Silurian limestone and quartzite occupy for some distance the bottom of Strath Beg, 
much invaded by masses of quartz-porphyry. At the summit of Creagan Dubha 
abundant veins run into the basic rocks from the granophyre, which, as usual, is finer 
grained towards the margin; and there are likewise veins of quartz-porphyry which, 
though their actual connection with the main mass of granophyre cannot be seen, are no 
doubt apophyses from it. 

This outlier of altered basalt and breccia appears to me to be a fragment of the 
plateau-basalts which once overlay the Silurian rocks of Strath Beg, and were dis- 
rupted by the uprise of the granophyre. It continues to adhere to the wall of the 
eruptive mass that broke up and baked its rocks. Its breccia, passing southward into a 
coarse agglomerate, is doubtless a product of the same vent that discharged the great 
agglomerate mass above Kilbride and Kilchrist. I have already (p. 109) referred to 
what appears to be another outlier of the basalts on the south side of Beinn Dearg. 

On the northern and southern flanks of Beinn na Cro, similar evidence may be 
observed of the posteriority of the granophyre to the basic rocks. Round the northern 
base of the hill a continuous tract of basalts, dolerites, and gabbros forms the ridge 
between Strathmore and Strathbeg. There is an admirable section of the relation of the 
two groups of rock on the eastern side of the western glen. Along the lower part of 
the declivity, coarsely-crystalline gabbros, like some of those in the Cuillin Hills, are 
succeeded by sheets of dolerite and basalt, the whole forming an ascending succession of 
beds to the summit of the ridge. The edges of these beds are obliquely truncated by the 
body of granophyre, which slants up the hill across them and sends veinsintothem. They 
are further traversed by basalt dykes, which here as almost everywhere abound (fig. 55). 
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On the south side of Beinn na Cro, highly indurated black and grey Lias shales and 
sandstones have been tilted up steeply and indurated by the eruptive rock of the hill ; 
and at one place some 800 feet above the sea, a little patch of altered basalt, lying on 
the shale but close up against the steep declivity of granophyre, forms a conspicuous 
prominence on the otherwise featureless slope. 

I have reserved for the present section of this memoir a fuller account of the meta- 
morphism of the basalts, to which frequent allusion has been made as one of the evidences 
of the posteriority of the eruptive bosses of rock round which it occurs. The field- 
geologist observes that the basalts as they are traced towards these bosses lose their 
usual external character. They no longer weather into spheroidal blocks with a rich 
brown loam, but project in much jointed crags, and their hard rugged surface shows when 
broken a thin white crust, beneath which the rock appears black, dull, and splintery. 
They are generally veined with minute threads or strings of calcite, epidote, and quartz, 
which form a yellowish-brown network that projects above the rest of the weathered 
surface. Where they are amygdaloidal the kernels no longer decay away or drop out, 
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Fic. 55.—Section at north end of Beinn na Cro, Skye, a, basalt, dolerite, and gabbro; b, granophyre of Beinn na Cro; 
b', dyke of granophyre ; cc, basalt dykes. 


leaving the empty smooth-surfaced cells, but remain as if they graduated into the 
surrounding rock by an interlacing of their crystalline constituents. They then look at 
a distance more like spots of decoloration, and even when seen close at hand would 
hardly at first betray their real nature. 

From the specimens collected by me in Skye, Mull, and Rum, I have selected two 
dozen which seemed to be fairly typical of these altered rocks, and have placed thin 
slices of them for microscopic examination in Dr Hatcu’s hands. His notes may be 
condensed into the following summary. One of the most frequent features in the slides 
is the tendency in the component minerals to assume granular forms, In one specimen 
from Loch Spelve, Mull, the rock, probably originally a dolerit® shows only a few 
isolated recognisable crystals of plagioclase and augite, the whole of the rest of the rock 
consisting of roundish granules embedded in a felspathic matrix. The felspar crystals 
are sometimes broken up into a mosaic, though retaining their external contours. 
Besides the granules, which are no doubt augite, a few grains of magnetite are scattered 
through the rock, aggregated here and there into little groups. In another specimen, 
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taken from the junction with the granophyre in Glenmore in the same island, parts of 
the augite crystals are converted into granular aggregates associated with large grains 
and patches of magnetite. The latter mineral also assumes in some of the rocks granular 
and even globular shapes suggestive of fusion. : 

The felspars, which in most of the basic rocks are usually remarkably clear and fresh, 
show marked kaolinisation in these altered masses. Minute dusky scales of kaolin are 
developed in them, sometimes also with the separation of minute grains of quartz. The 
augite shows frequent alteration to hornblende, proceeding as usual from the exterior 
inward. In some cases only an envelope of uralite appears round the augite, while in 
others only a kernel of the original mineral is left, or the whole crystal has been changed. | 
In many cases the altered substance appears as minute needles, blades, and fibres of 
actinolite. Occasionally, besides the green hornblende, shred-like pieces of a strongly 
pleochroic brown hornblende make their appearance. Serpentinous and _ chloritic 
substances are not infrequent. Epidote is sometimes abundant. The titaniferous iron 
has commonly passed more or less completely into leucoxene. Here and there a dark 
mica may be detected. 

Some of these features remind us of those which have often been described from zones 
of contact metamorphism. They no doubt point to the long-continued action of inter- 
stitial water, probably at a considerable temperature, and to the mutual reactions of the 
solutions thus obtained upon the original component minerals of the dolerites and basalts. 

(3) Relation to the Gabbros.—That the granophyres of Skye, like those of Mull and 
Rum, invade the gabbros, has been incidentally illustrated in the foregoing part of this 
Memoir. But as the mutual relations of the two rocks in this island have been the 
subject of frequent reference in previous writings of geologists, it is desirable to adduce 
some further evidence from a region which has been regarded as the typical one for 
this feature in the geological structure of the Inner Hebrides. No geological boundary 
is more easily traced than that between the pale reddish granophyre and the dark gabbro. 
It can be followed with the eye up a whole mountain side, and can be examined so 
closely that again and again the observer can walk or climb for some distance with one 
foot on each rock. That there should ever have been any doubt about the relations 
of the two eruptive masses is possibly explicable by the very facility with which their 
junction can be observed. Their contrasts of form and colour made their boundary 
over crag and ridge so clear that geologists do not seem to have taken the trouble to 
follow it out in detail. And as the pale rock undoubtedly underlies the dark, they have 
assumed this infraposition to mark its earlier appearance. 

I will only cite one part of the junction line. It is easily accessible, and the 
phenomena it displays may be regarded as typical for the whole. It lies in Glen 
Sligachan immediately to the south of the mouth of Harta Corry. The rounded eminence 
of Meall Dearg, which rises to the south of the two Black Lochs, belongs to the granophyre, 
while the rugged ground to the west of it lies in the gabbro. The actual contact 
‘between the two rocks can be followed from the side of Harta Corry over the ridge and 
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down into Strath na Creitheach, whence it sweeps northward between the red cone of 
Ruadh Stac and the black rugged declivities of Garbh Beinn. On Meall Dearg the 
granophyre becomes fine-grained and even felsitic in texture, and sends into the 
contiguous gabbro abundant veins, some of which show fine flow-structure. There is no 
more singular scene in Skye than the lonely tract on the south side of this hill. The 
ground for some way is nearly level, and strewn with red shingle from the decomposing 
granophyre underneath. It reminds one of some parts of the desert ‘‘ Bad lands” of 
Western America. Grim dark crags of gabbro, streaked with red veins from the 
granophyre, rise along its western border beyond which tower the black precipices of the 
Cuillins, while the flaming reddish-yellow cones of Glen Sligachan stand out against the 
northernsky. The gabbro here includes much fine-grained, sometimes amygdaloidal rock, 
belonging probably to the plateau-basalts, and sends veins through it, but the veins 
from the granophyre-mass cross these. An alteration of the basic rocks like that already 
described may be noticed here. Next the granophyre, they are dull, compact, splintery, 
shattery, and much veined, and weather with a white crust. 

(4) Relation to the Basic Dykes and Veins.—In my early paper on the Geology of 
Strath I pointed out that the “syenite” bosses of Skye cut off most of the basalt-dykes, 
but are themselves traversed by a few others.* Though I have since been able to 
confirm and extend this observation, the locality that furnished my original evidence 
affords in small compass a clearer presentation of the facts than I have elsewhere met 
with. I then referred to the sections visible at the eastern end of the boss of Beinn an 
Dubhaich; but similar and even better ones may be cited from the whole northern 
and southern margins of that eruptive rock. On the north side an extraordinary 
number of dykes may be traced in the limestone from the shores of Loch Slapin east- 
wards. They have a general north-westerly trend, but one after another, as I have 
already remarked, they are abruptly cut off by the granophyre. The latter rock is 
exposed for nearly a mile in almost continuous section along the shore of Loch Slapin. 
Yet though I was on the outlook for dykes in it, I found only one. Immediately 
beyond the eruptive boss, however, they at once appear on either side up to the very 
edge of the granophyre, where they abruptly cease. The conclusion cannot be resisted 
that the protrusion of the acid rock took place after most of the dykes of the district 
had been formed, but before the emission of the very latest dykes which pursue a north- 
west course across the boss (fig. 54). 

Some sections on the southern margin of Beinn an Dubbaich complete the demon- 
stration that such has been the order of appearance of the rocks. Near the head of 
the Allt Léth Slighe (or Half-way Burn), where the granophyre sends a long tongue 
into the limestone, a N.W. basalt dyke is abruptly cut off by the main body of the 
boss and by the protruded vein (fig. 56). Besides this truncation, the acid rock protrudes 
strings and threads of its own substance into and across the dyke, these injected portions 
being as usual of an exceedingly fine felsitic texture. 


* Quart. Jour. Geol. Soc., xiv. p. 16. 
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Similar evidence may be gathered from the area of the great granophyre cones 
further north. The profusion of basalt-dykes in the surrounding rocks stops short at the 
margin of that area. The comparatively few dykes which cross the boundary pursue a 
general N.W. course through the granophyre, and as already remarked, from their dark 
colour, greater durability and straightness of direction stand out as prominent ribs on 
the flanks of the pale cones which they traverse. 

d. St Kitpa.—I have not personally visited this remote island, of which the only 
geological account we have is that by Maccu.tocu. But through the kindness of my 
colleague, Mr Jonn Horne, F.R.S.E., I have had a series of specimens submitted to me 
which were collected by Mr A. Ross of Inverness. These prove that in St Kilda, not 
only are the rocks of the mountainous parts of Skye and Mull repeated, but that their 
relative order of appearance is likewise the same. The olivine-gabbros and the granitoid 
and granophyric rocks are precisely those of the Inner Hebrides. One of the specimens 
shows a vein of fine granite traversing an ophitic dolerite, and another is a piece of altered 
fine dolerite or basalt, from near the junction with the acid rocks, and weathers with the 
white crust so characteristic of similar rocks in the districts above described. 


Fic. 56.—Section sho wing the Truncation of a Basalt Vein (), in Lower Silurian Limestone (a), 
by the Granophyre (c) of Beinn na Dubhaich, Skye. > 


e. AnTRIM.—In the volcanic region of the north of Ireland the areas of acid rocks are 
comparatively few in number, and small in size. They nowhere assume the form of 
prominent hills, and indeed would never attract attention from anything conspicuous in 
their topography. The largest of them covers a space of about 10 square miles in the 
heart of the basalt-plateau to the north-east of the town of Antrim, rises to about 1000 
feet above the sea, and forms a few featureless hills, some of which are capped with basalt. 
The best known localities in this tract are Tardree and Carnearny. The rock is chiefly a 

“quartz-trachyte, but here and there pieces of pitchstone and pearlstone may be picked up, 
which, though I could not find them in place, I have no doubt form part of the main 
trachyte mass. 

Owing to the cover of soil and turf, the junction of this rock with the basalts of the 
plateau cannot be so clearly seen as in the sections of the Inner Hebrides, and hence the 
stratigraphical relations of the two groups are apt to be misunderstood. What is actually 
seen is represented in fig. 57. It has been supposed that the trachyte forms the summit 
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of an ancient volcanic dome that had been erupted and worn down before the outflow of 
the basalts which gradually accumulated around and over it.* Had this been the true 
history of the locality, it is inconceivable that of a rock which decays so rapidly as this 
trachyte, and strews its slopes with such abundance of detritus, not a single fragment 
should occur between the successive beds of basalt which are supposed to have surrounded 
and buried it. Though the several beds of basalt are well exposed all round, I could not 
find a trace of any trachytic fragments between them, nor has Mr Symes, who mapped 
the ground in detail for the Geological Survey, been more successful. The basalts near 
the trachyte are hard and splintery, but not so distinctly altered as round the granophyre 
in the Inner Hebrides. Were there no other evidence than that furnished by this 
Antrim locality regarding the relation of the acid and basic rocks of the Tertiary volcanic 
series of Britain, the question, I admit, could not be satisfactorily settled. But when we 
compare the Antrim sections with those of the west of Scotland, particularly with those 
of Mull (figs. 43, 46), we see their close resemblance, and can hardly hesitate to regard 
the Irish trachyte as later than the basalts around it. For my own part, I have little 
doubt that the trachytes and pitchstones are not only far younger than the plateau-basalts, 
but are even later than the granophyres.t 


Fic. 57.—Section across the southern slope of Carnearny Hill, Antrim. aaa, bedded basalts; }, trachyte. 


Besides this largest boss of trachyte a number of smaller knobs of trachytic, rhyolitic, 
perlitic, and vitreous rocks appear at intervals both to the north and south of the Tar- 
dree mass, entirely surrounded by basalt. Most of these lie’ within the area of the lower 
group of basalts, but one of them to the south-east of Ballymena appears to cross from 
that group into the upper basalts. These scattered patches, I have no hesitation in 
believing to be intrusive bosses, sheets, or veins, which, like those of Mull and Skye, have 
been injected into the basalts long after these rocks had been built up into the plateaux. 


* For an early account of the Antrim trachytic rocks, see BERGER, Trans. Geol. Soc., iii. (1816) p. 190. Professor 
Hutt has described the ‘Lardree rock in the Explanation to Sheets 21, 28, and 29, Geol. Survey of Ireland (1876), p. 17, 
and has supposed it to be clder than the basalts, referring it to the Eocene period. Durrix (quoted by Mr Krxanan) 
believed that “the trachytes occur at the centres of eruption, and were probably poured out at the end of the outburst.” 
Du Noyer also (quoted by the same writer) thought them to be newer than the plateau-basalts, and to have lifted up 
masses of these rocks. Mr KinaHAn himself (Geology of Ireland, p. 172) has pointed out the absence of any trachytic 
fragments between the basalts as an argument against the supposed antiquity of the acid protrusions. A full petro- 
graphical account of the Tardree rock is given by Von Lasavxx in the paper already cited, Tschermak’s Min. Pet. 
Mittheil., 1878, p. 412. 

t [Since this paper was read, and as it is passing through the press, I have received from Mr A. M‘Henry, of the 
Geological Survey, some interesting information recently obtained by him at Templepatrick, co. Antrim. He has 
there found what he considers to be conclusive evidence that the trachyte is intrusive in the Lower Basalts ; but that it 


is pierced by younger basic dykes. This is precisely the structure which my experience in the Inner Hebrides would 
have led me to expect.] 
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2. Sills or Sheets. 


Not only have the acid rocks been protruded in huge bosses, they have also been 
injected in sheets between the bedding planes of stratified rocks, between the surfaces of 
the basalt-beds, and between the bottom of the plateau-basalts or of the gabbros and the 
platform of older rock on which the volcanic series has been piled up. Every gradation of 
size may be observed, from mere partings not more than an inch or two in thickness, up 
to massive sheets, which now, owing to the removal of their original covering of rock by 
denudation, form minor groups and ranges of hills. Where the sheets are numerous, they 
are usually small in size; where, on the other hand, they are few in number, they reach 
their greatest dimensions. 

In Mull they are profusely abundant throughout the central mountainous tract 
between Loch na Keal and Loch Spelve. If we ascend the slopes from the Sound of 
Mull, for instance, we have not gone far before some of these sheets make their appearance. 
They are usually dull granular quartz-porphyries, often only two or three feet in thick- 
ness, and interposed between the beds of basalt that form the mass of the hills. Along 
the crest of the ridge that stretches through Beinn Chreagach Mhor to Mainnir nam Fiadh 
they take a prominent place among the ledges of basalt, basalt-conglomerate, and dolerite. 
The largest sheet in Mull is probably that which has thrust itself between the base of the 
basalts and the underlying Jurassic strata and crystalline-schists on the shore of the 
Sound of Mull at Craignure. The porphyry of this sheet is referred to by ZIRKEL as 
only a finer-grained variety of the same quartziferous rock, with hornblende and ortho- 
clase crystals, which in Skye breaks through the Lias.* On the south coast also, at the 
base of the thick basalt serics, similar porphyries have been injected into the underlying 
strata; and under the great gabbro mass of Ben Buy similar protrusions occur. But as 
we retire from thé mountainous tract into the undisturbed basalts of the plateau, these 
acid intercalations gradually disappear. 

In the islands of Eigg and Rum, excellent examples occur of the tendency which 
the sheets of porphyry or granophyre manifest to appear at or about the base of the 
bedded basalts. I have already alluded to the boss or sheet at the north end of the 
former island. A still more striking illustration occurs in Rum. All along the base of 
the great mass of gabbro, protrusions of various kinds of acid rock have taken place. 
The great mass of Orval, already described, is one of these. Below Barkeval and round 
the foot of the hills to the south-east of that eminence an interrupted band of quartz- 
porphyry may be traced, from which veins proceed into the gabbros and dolerites. 

But it is in Skye and Raasay that the intrusive sheets of the acid group of rocks 
reach their chief development. They form a band or belt which, though not continuous, 
can be traced round the east side of the main body of granophyre at a distance of from 
a mile and a half to about three miles. Beginning near the Point of Suisnish, this belt 
curves through the hilly ground for some five miles until it dies out on the slopes above 

* Zeitsch. Deutsch. Geol. Gesellsch., xxiii. p. 54. 
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Skulamus. It may be found again on the west side of the ridge of Beinn Suardal and 
on the moors above Corry till it reaches the shore at the Rudh’ an Eireannich 
(Irishman’s Point). It skirts the west side of Scalpa Island, and runs for some miles 
through Raasay. 

Over a large part of its course, the rocks of this belt rest as a great overlying sheet 
upon the Jurassic strata, which may almost everywhere be seen dipping under them. 
From the analogy of other districts, we may, I think, infer that their position indicates 
the intrusion of these sills at the base of the plateau-basalts which have since been 
removed from almost the whole tract. Fortunately, a portion of the basalts remains in 
Raasay, and enables us to connect that island with the great plateau of Skye of which it 
once formed a part. There can be no doubt that the amygdaloidal basalt-beds of the 
Dun Caan ridge once extended westwards across the band of granophyre which now 
forms most of the surface between that ridge and the Sound of Raasay. A thin sheet of 
quartz-porphyry, interposed among the Oolitic strata, may be seen a little inland from 
the top of the great eastern cliff and below the position of the bedded basalts. 

The great sheet, or rather series of sheets, which stretches north-eastwards from 
Suisnish consists of a rock which for the most part may readily be distinguished in the 
field from the granitoid material of the bosses. It appears to the naked eye to be a 
rather close-grained or finely crystalline-granular quartz-porphyry, with scattered blebs or 
bi-pyramidal crystals of quartz and crystals of orthoclase. At the contact with adjacent 
rocks, the texture becomes more felsitic, sometimes distinctly spherulitic (W. side of 
Carn Nathragh, next Lias shale). Under the microscope the rock is seen to be a fine- 
grained granophyric porphyry or porphyritic granophyre. It caps Carn Dearg (636 feet) 
above Suisnish, where it covers a space of nearly a square mile, and reaches at its eastern 
extremity (Beinn Bhuidhe), a height of 908 feet above the sea (fig. 14). This rock rests 
upon a sill of dolerite, and is apparently split up by it. But, as I have already stated, 
the basic rock is probably the older of the two, and the granophyre seems to have wedged 
itself between two earlier doleritic sheets. To the north-west of Carn Dearg, above 
the northern end of the crofts of Suisnish, the same sill, or one occupying a similar 
position, crops out between masses of granophyre, and is intersected by narrow veins from 
that rock. 

Though severed by denudation, the large sheets of granophyre to the east of Beinn 
Bhuidhe are no doubt continuations of the Carn Dearg mass, or at least occupy a similar 
position. That they are completely unconformable to the Jurassic rock is shown by the 
fact, that while at Suisnish they lie on sandstones which must be fully 1000 feet above the 
bottom of the Lias, only two miles to the east they are found resting on the very basement 


limestones within a few yards from the underlying quartzite and Cambrian sandstone. _ 


I do not think that this transgression can be accounted for by intrusion obliquely across 

the stratification. I regard it as arising from the eruptive rock having forced its way 

between the bottom of the now vanished basalt-plateau and the denuded surface of 

Jurassic rocks, over which the basalts were poured. The platform underneath these 
VOL, XXXV. PART 2. Z 


174 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


granophyre sills thus represents, in my opinion, the terrestrial surface before the beginning 
of the volcanic period. 

But there is abundant proof that though the intruded granophyre sills followed 
generally this plane of separation, they did not rigidly adhere to it, but burrowed, as it 
were, along lower horizons. Thus on the south-east front of Beinn a’ Chairn, which forms 
so fine an escarpment above the valley of Heast, the base of the granophyre, after creeping 
upward across successive beds of limestone, sends out a narrow tongue into these strata, 


c 


Fic. 58.—Section across the Granophyre Sills at Loch a’ Mhullaich, above Skulamus, Skye. a, Jurassic sandstones and 
shales; b, Jurassic dark brown sandy shales; ¢, sills of basalt, some bands highly cellular; c!, basalt-sill with veins of 
felsite rising into it from the granophyre below; dd, intrusive sheets or sills of granophyre. 


and continues its course a little higher up in the Lias. The same rock, after spreading 
out into the broad flat tableland of Beinn a’ Chairn (983 feet), rapidly contracts north- 
eastwards into a narrow strip which forms the crest of the ridge, and at once suggests a 
much weathered lava-stream. The resemblance to a coulée is heightened by the curious 
thinning off of the rocks where the two streams emerge from the Heast lochs; it looks as if 
the igneous mass were a mere superficial ridge which had been cut down by erosion, so as 


to expose the shales beneath it. But that the granophyre is really a sill becomes abun- 
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Fic. 59.—Section to show the connection of a Sill of Granophyre with its funnel of supply, Raasay. aa, Jurassic 
sandstones ; 6, granophyre. 


dantly clear at its eastern end, where we find that it consists of two separate sheets with 
intervening Liassic shales. The structure of this interesting locality is shown in fig. 58. 
In this instance also, there is evidence that the acid sills are younger than the basic, for 
the upper sheet of granophyre sends up into the overlying dark basaltic rock narrow 
vertical felsitic veins, a quarter of an inch to an inch in width, which being more 
durable, stand out above the decomposable surface of the containing rock, and show 
their quartz-blebs and felspar crystals on the weathered surface. 


It is not easy to determine where lay the vent or vents from which these granophyre 
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sills in Skye proceeded. Possibly they may be concealed underneath some of the larger 
areas of the rock, such as those of Carn Dearg or Beinn a’ Chairn. In Raasay, however, 
it is possible to connect the sheets with the funnels through which they ascended. This 
is well seen near the Manse, where the accompanying section may be observed (fig. 59). 
Owing to great denudation, the massive sheet of granophyre has been cut into isolated 
outliers which cap the Jow hills, and the rock may be seen descending through the 
Jurassic sandstones, which in places are much indurated. It is observable that the 
amount of contact metamorphism induced by the granophyre sills upon the rocks between 
which they have been injected is comparatively trifling. It is for the most part a mere 
induration, sometimes accompanied with distortion and fracture. 


3. Veins and Dykes. 


Besides bosses and sills, the acid rocks of the Inner Hebrides take the form of veins 
and dykes which have invaded the other members of the volcanic series. Some of these 
have already been referred to; but a more particular description of the venous develop- 
ment of the acid rocks as a whole is now required. 

Considered as a petrographical group, these veins and dykes are marked by the 
following characters. At the one extreme we have thoroughly vitreous rocks in the 
pitchstones. Among these, however, various degrees of devitrification appear, leading us 
to the completely devitrified felsites, which occur almost entirely as veins or dykes. 
Occasionally the microgranitic structure makes its appearance. More frequently, how- 
ever, the veins and dykes consist of what macroscopically are quartz-porphyries, and 
which under the microscope can generally be resolved into granophyric porphyries or true 
granophyres. In a few instances, the veins proceeding from the granitic bosses show a 
granitic structure. | 

In their mode of occurrence, the smaller protrusions of acid rocks differ considerably 
from the ordinary type of the dykes and veins of the basic group. They comparatively 
seldom form true dykes. Most frequently they occur as irregular veins, which vary much 
within a short space in thickness and direction. They never exhibit the persistent trend 
and parallelism of opposite walls, so distinctive of the basic dykes. The phenomena 
attending their eruption must have been correspondingly different. ‘Their advent was 
not preceded by the rending of the terrestrial crust into long parallel fissures. On the 
contrary, they seem to have been forced between the irregular rents, joints, and bedding- 
planes of the rocks, so that they often pursue a singularly sinuous course. 

Round the margin of the larger granophyre bosses, veins have sometimes been given 
off in great numbers, as has been stated above. But, for considerable distances, not a 
single vein or dyke may appear. Along the well-exposed boundary of Beinn-an- 
Dubhaich, for example, though the edge of the granophyre is remarkably notched, there 
are hardly any protrusions that deserve the name of veins. In the central mountainous 
tract of Mull, veins of various porphyries and felsitic rocks are extraordinarily abundant. 
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They appear not so much at the actual margins of the bosses (though they occur there, 
as has already been described), as in that tract of altered basalt, with intrusive sheets and 
dykes of basalt, dolerite, and gabbro, which lies within the great ring of heights between 
Loch-na-Keal and Loch Spelve. In some areas the amount of injected material appears 
to equal the mass of basic rock into which it has been thrust. Pale grey and yellowish 
porphyries and granophyres, varying from thick dykes down to the merest threads, 
ramify in an intricate network through the dark rocks of the hills, as shown in the 
accompanying illustration (fig. 60), which represents a portion of the hill-side between 
Beinn Fhada and the Clachaig River. Such a profusion of veins probably indicates the 
existence here of some large mass of granophyre, or of granite at no great depth beneath 
the surface. 

There are two horizons on which, as I have already had occasion to point out, 
protrusions of acid materials have been specially abundant. One of these is the base of 
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Fic. 60.—Section of Intruded Veins of various Acid Rocks (bb), in Basalt, Dolerite, &c. (aa), above River Clachaiy, Mull. 


_ the bedded basalts of the plateau; the other is the bottom of the thick sheets of gabbro. 
Dykes and veins of granophyre, quartz-porphyry, felsite, and other allied rocks are 
sometimes crowded together along these two horizons, though they may be infrequent 
above or below them. But examples also occur of solitary veins in the midst of the 
unaltered plateau-basalts, at some distance from the nearest visible body of acid eruptive 
rock. Some of the most remarkable instances of this kind are to be seen among the 
basalts that form the terraced slopes on the north side of Loch Sligachan. Several thick 
dykes of granophyre run up the declivity, cutting across hundreds of feet of the nearly 
level basalt beds. Some of them can be seen on the shore passing under the sea. They 
trend in a 8.8.E. direction towards Glamaig, and they are not improbably apophyses 
from that huge boss. Another example may be cited from the basalt-outlier of Strath- 
aird, where two veins of felsite, one of them a pale flinty rock showing flow-structure 
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parallel to the walls, may be seen on the west front of Ben Meabost. In this case, the 
veins are three miles and a half from the granophyre mass of Strath-na-Creitheach to the 
north, four miles from that of Beinn-an-Dubhaich to the north-east, and nearly three 
miles from that of Coire Uaigneich at the foot of Blath Bheinn. 

A special place must be reserved for the pitchstone-veins. Ever since the early 
explorations of JAMESON and MaccuLLocu, the west of Scotland has been noted as one 
of the chief European districts for these vitreous rocks. From Skye to Arran, and 
thence to Antrim, many localities have furnished examples of them, but always within 
the limits of the Tertiary volcanic region. That all of the pitchstones are of Tertiary 
age cannot, of course, be proved, for some of them are found traversing only Paleozoic 
rocks, and of these all that can be absolutely affirmed is that they must be younger than 
the lower part of the Carboniferous system. But, as most of them are unquestionably 
parts of the Tertiary volcanic series, they are probably all referable to that series. Not 
only so, but there is, I think, good reason to place them among its very youngest 
members. It is a significant fact that they almost always occur either in or close to 
granophyre bosses, the comparatively late origin of which has now been proved. The 
first pitchstone observed in Skye was found by JAMEson on the flanks of the great 
granophyre cone of Glamaig. Another rises on the side of the porphyry mass of Glas 
Bheinn Bheag, in Strath Beg. A third occurs at the foot of Beinn-na-Caillich. In Rum, 
I found a pitchstone vein traversing the western slopes of the wide granophyre boss of 
Orval. In Eigg, the well-known veins of this rock inter- 
sect the plateau-basalts, but in their near neighbourhood ‘ a ey 
lie the masses of quartz-porphyry already alludedto. 
In Ardnamurchan also, the pitchstone has been injected ‘4 va 


into the plateau-basalts, but there are many small veins he | 
of close-grained felsitic or rhyolitic rocks in the vicinity. {,! \F 
In Antrim, pitchstone occurs in the midst of the trachyte ~ yoy wy TN 
of Tardree. The only marked exceptions to the general |, | | a | i 
rule, with which I am acquainted, are those of the island 
of Arran. Most of the pitchstone-veins in that district | | 
traverse the red sandstones which lie at the base of the ny lanl | | 


Carboniferous system, or belong to the Old Red Sand- —— — 


stone. But none of them are far removed from the great Fic. 61.—Pitchstone Vein traversing the 
‘granite boss of the northern half of the island, while a oe 
large masses of quartz-porphyry, which strikingly resemble 
some of those of Skye and Mull, lie still nearer to them. It is also worthy of notice 
that pitchstone-veins rise through the granite boss itself, the probably Tertiary date of 
which has been already referred to. 

This common association of pitchstone-veins with the Tertiary eruptive bosses of acid 
rocks can hardly be a mere accidental coincidence. It seems to me to prove a renewed 
extravasation of acid material, now in vitreous form, from the same vents that 
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had supplied the granitoid, granophyric, porphyritic, and felsitic varieties of earlier 
protrusions. We must remember that the pitchstone-veins are not mere local glassy parts 
of the larger bodies of granophyre or felsite in or near which they lie. Their margins are 
sharply defined ; they are indeed in all respects as manifestly intruded, and therefore 
later masses, as are the basalt-dykes. Their occurrence, therefore, within the granophyre 
bosses proves them to be younger than the youngest of the large erupted masses of the 
Tertiary volcanic series. Whether they are also later than the latest basalt-dykes cannot 
yet be decided, for I have never succeeded in finding an example of the intersection of 
these two groups of veins and dykes. But, with this possible exception, the pitchstones 
are the most recent of all the eruptive rocks of Britain. This fact acquires additional 
interest when taken in connection with the history of the Scuir of Eigg, to be imme- 
diately referred to. | 

As arule, the intrusive pitchstones occur as veins which cannot be traced far, and 
which vary from a few vards to less than an inch in width. They generally show con- 
siderable irregularity in breadth and direction, sometimes sending out strings into the 
surrounding rock (fig. 61). The outer portions are not infrequently more glassy and 
obsidian-like than the interior. Occasionally the vitreous character disappears by 
devitrification, and the rock assumes the texture of 1 compact felsite or of a spherulite- 
rock. 

4. Superficial Lava Streams. 

The question whether any ot the acid volcanic rocks were actually emitted at the 
surface, fortunately does not rest in the uncertainty in which we are compelled to leave 
the same question when asked of the bosses of gabbro, but admits of a positive answer. 
One solitary example remains of a true superficial stream of acid lava—that of the Scuir 
of Eigg. But when we consider the form of the granophyre cones, as already described, 
the indication of an internal structure in some of them, corresponding more or less with 
their external form, and the occasional presence of brecciated portions along their 
margins, it is difficult to believe that no connection was established between these cones 
and the outer air. Although no “lava,” using that word in Von Bucu’s comprehensive 
sense of anything that flows from a volcanic orifice, may have spread outwards from the 
necks of granophyre, the molten material may have been protruded to the daylight in 
some such form as the domite puys of Auvergne. A comparatively small amount of 
denudation would suffice to efface any evidence that the igneous rock had ever reached 
the surface. But, in actual fact, the denudation has been enormous. Not a single 
vestige now remains of a superficial discharge from any one of the numerous granophyre 
cones of Skye. 

The solitary remnant of an acid lava-stream, forming the conspicuous Scuir of Eigg, 
has already been fully described by me, and for its structure and history I must refer to 
a former paper,t contenting myself here with a brief summary, and with a statement of 


* For an account of the pitchstone veins of Eigg, see Quart. Jour. Geol. Soc., xxvii. p. 299. 
t+ Quart. Jour. Geol. Soc., xxvii. (1871) p. 303. 
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new facts and inferences, obtained from a recent re-examination of the locality. The 
general form of the ridge of the Scuir will be understood from the accompanying map of 
the island of Eigg (fig. 62). The length of the ridge is two miles and a quarter, its 
3 greatest breadth 1520 feet, its extreme height 1289 feet. -It consists of successive sheets 
of columnar porphyritic pitchstone, and of a dull grey devitrified felsitic rock, the whole 


Fic, 62.—Geological Map of the Island of Eigg. P, Pitchstone of Scuir ; R, old river gravel under pitchstone ; pp, small veins 
of Pitchstone; bd, dykes, veins and sheets of intrusive basalt; the short black lines running N.W. and S.E. are basalt dykes ; 
Jf, granophyre sills; D, bedded basalts with occasional tuffs; F, sheet of the ‘‘ pale group” of Mull; 1, 2, 3, 4, clays, shales, 
sandstones, limestones, &c. (J urassic) ; xx, Loch Beinn Tighe ; x, Loch a Bhealaich. y—~ General dip of the rocks. 


having a united thickness of several hundred feet. Examined in thin sections under the 
microscope, the vitreous beds present a pale brown glass, with abundant depolarising 
microlites, large porphyritic crystals of sanidine, sometimes plagioclase, and smaller 
crystals of augite and magnetite. Some of these beds have only a feebly resinous lustre, 
and resemble in some respects andesites. In one of the slides the porphyritic felspars 


‘ 
= yt 
2 
Scale of o Slalule Mile 
= 
Pan SONY, UpyG 
4 Y = ~ Ai 13 
fy Sar @ L416 ==! 
FE] YY = 
= 
4 — == SS 
= 4 = = 


180 DR GEIKIE ON THE HISTORY OF VOLCANIC ACTION 


are chiefly plagioclase. The dull grey felsitic bands show under the microscope a more 
thoroughly devitrified ground-mass, with the minutest depolarising microlites, large 
porphyritic crystals of plagioclase and sanidine, grains of augite, and sometimes 
exceedingly abundant particles of magnetite. 

That the rocks of the Scuir of Eigg are the products of several eruptions is manifest 
from their arrangement in distinct beds, and from their variation in petrographical 
character, and that they were poured into the channel of a stream which had been 
eroded out of the surface of the plateau-basalts, is proved by the survival of the shingle 
and drift wood of that channel below the bottom of the pitchstone. The general relations 
of the rocks are impressively presented on the west side of the island, where the rock of 


the Scuir is abruptly cut off by the face of the sea-precipice, which is some 500 feet high 
(fig. 63). 
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Fic. 63.—Natufal Section of the Sea-cliff at the south-west end of the ridge of the Scuir of Eigg. a, Bedded 
basalts of the plateau; b, basic dykes; c, gravel of old river-bed; p, Pitchstone of the Scuir. 


At both ends of the pitchstone ridge, we learn that the dykes of fine-grained basalt 
which traverse the bedded basalts, are older than the ancient Tertiary river-bed of the 
Scuir, for the river has not only eroded the bedded basalts but has cut down into the dykes. 
There is thus evidence of enormous denudation of the surface of the basalt-platcau 
before the final volcanic outbursts, and of the comparatively late date of the pitchstone. — 

The sinuous ridge of the Scuir still marks the winding course of the stream whose 
channel the pitchstone effectually sealed up and preserved. Several minor spurs, which 
project from the eastern side of the main ridge, show the positions of small tributary 
rivulets that entered the principal channel from the slopes of the basaltic tableland. 
One of these, on the south-east side of Corven, must have been a gully in the basalt with 
a rapid or waterfall. The pitchstone has flowed into it, and some of the rounded pebbles 
that lay in the channel of this vanished brook may still be gathered where the degradation 
of the pitchstone has once more exposed them to the light. 
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In trying to reconstruct the topography of the ground, at the time when the streams 
of pitchstone flowed, there are several little pieces of evidence which help us. Among the 
water-worn blocks of the buried river-bed, which are wrapped up in a gravel of basalt 
débris, there occur fragments of the volcanic rocks of the plateau, also of red (Cambrian) 
sandstone, quartzite, clay-slate, and white (Jurassic) sandstone. All these rocks are 
found in place at higher elevations to the north, but in no other direction. There is there- 
fore good reason to suppose that the river drained some wooded region lying to the north 
of the present island of Eigg, of which the red sandstone mountains of Ross-shire, the 
white sandstone cliffs of Skye and Raasay, and the quartzite and slate uplands of western 
Inverness-shire are surviving fragments. That the stream, in that portion of its channel 
preserved under the Scuir, flowed from east to west, may be inferred from the angle at 
which the tributaries meet the main stream, and also from the fact that the old river-bed 
at the east end of the Scuir is considerably higher than at the west end. 

The direction of the flow of the stream may afford some indication of that of the 
pitchstone currents. There can be little doubt, I think, that the lava flowed down the 
river-valley. Its successive streams are still inclined from east to west. The vent of 
eruption, therefore, ought to be looked for, not towards the west, but towards the 
east. Nowhere within the Tertiary volcanic region is there any boss of pitchstone or any 
mass the shape or size of which is suggestive of an actual vent of discharge to the 
surface. In the island of Eigg no boss of any kind exists, save those of granophyric 
porphyry already referred to. But none of these affords any satisfactory links of 
connection with the rock of the Scuir. More probably the vent lay somewhere to the 
east on ground now overflowed by the sea. The pitchstone veins of Eigg may represent 
some of the subterranean extrusions from the same volcanic pipe, and, if so, its site could 
not be far off. But no other relic of its activity now remains. The lofty picturesque 
ridge of the Scuir, now so prominent an object in the West Highlands, once occupied 
the bottom of a valley worn out of the basaltic tableland. Prolonged and stupendous 
denudation has destroyed the connection with its source, has cut down its ends into 
beetling precipices, has reduced the former surrounding hills into gentle slopes and 
undulating lowland, and has turned the bottom of the ancient valley into a long, narrow, 
and high crest. In this worn fragment we see the only evidence which now remains, 
that towards the close of the protracted volcanic history of the Tertiary period, streams 
of acid lavas flowed out over the wasted surface of the basalt-plateaux. 


V. SUMMARY. 


In this final section of the paper, I shall briefly sketch what seem to me to have been 
the leading features in the history of Tertiary volcanic action in the British Islands. 

1. The region within which this activity manifested itself, during Tertiary time in 
Britain, cannot be very strictly defined, but if it is restricted to those parts of the country 
where igneous rocks, probably of that age, now appear at the surface, we find that it 
VOL. XXXV. PART 2, 2A 
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includes the north of England and of Ireland, the southern half and the west coast of 
Scotland—a total area of more than 40,000 square miles. Over that extensive region 
volcanic phenomena were displayed during an enormously protracted interval of 
geological time. The earliest beginnings of disturbance may possibly go back into the 
Eocene period, and the final manifestations may not have ceased until the Miocene, or 
even perhaps later. So protracted was the duration of the eruptions, that there was 
room for enormous topographical changes from denudation, and also for considerable 
variation in the fauna and flora, alike of land and sea. 

2. Owing to some cause which has not yet in this relation been investigated, but 
which is probably referable to secular terrestrial contraction, the volcanic region under- 
went elevation, while, at the same time, a vast subterranean lake or sea of molten rock 
appeared underneath it. Enormous horizontal tension thus: arose, and at last the 
stretched terrestrial crust gave way. A system of approximately parallel fissures opened 
in it; having a general direction towards N.W. The rapid and simultaneous production of 
such a gigantic series of rents must have given rise to earthquakes of enormous magnitude 
and destructive force. The great majority of the fractures, doubtless, did not reach to 
the surface of the ground, though probably not a few did so. Such was the potency of 
this development of terrestrial energy, that the fissures ran through the most varied 
kinds of rocks and the most complicated geological structures, crossing even earlier lines 
of powerful dislocation, and yet retaining their direction and parallelism for sometimes 
50 or 100 miles. 

8. No sooner were the fissures formed than the molten lava underneath was forced 
upward into them for many hundreds or even thousands of feet above the surface of the 
subterranean lava-sea. Solidifying between the fissure walls, it formed the crowd of basic 
dykes that stands out as the most widespread and distinctive feature of the volcanic region. 

4. Where the fissures reached the surface or near to it, the molten rock would seek 
relief by egress in streams of lava. This probably occurred in many places from which 
subsequent denudation has removed all vestige of superficial volcanic manifestations. 
But, in the great range of basalt-plateaux, from Antrim through the chain of the Inner 
Hebrides, there are still left abundant remains of the surface outflows. After the con- 
vulsions ceased ‘which produced the dykes, the communication that had been established 
between the reservoir of molten rock underneath and the upper air would be maintained, 
and repeated eruptions might take place either from the original vents or from others 
afterwards opened by the voleanic energy. 

5. For a prolonged geological period, various basic lavas (basalts, dolerites, &c.) 
continued to flow out from innumerable vents until they had filled up the hollows of the 
great valley, which then stretched from the south of Antrim northwards between the 
west coast of Scotland and the chain of the Outer Hebrides. In some places, the 
accumulated pile of such ejections even now exceeds three thousand feet, and yet we 
cannot tell how much material has been bared away from its top by denudation. The 
surface over which the lava flowed seems to have been mainly terrestrial. Here and there, 
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between the successive sheets of basalt, the leaves, stems, and fruit of land-plants, some- 
times in most perfect preservation, may be observed, together with the remains of 
insects. It is remarkable that the volcanic discharges consisted mostly of lava. 
Fragmentary materials were comparatively insignificant in amount, and local in origin, 
though layers of fine tuff and basalt-breccias occur in all the plateaux. Neither these 
materials nor the lavas thicken towards any centres that might be taken to mark 
voleanoes of the type of Vesuvius or Etna. On the contrary, the persistent flatness and 
uniformity of the volcanic series, and the thinning out of the separate beds in different 
directions, point to the existence of many minor vents from which the discharges took 
place. The positions of not a few of these vents can still be ascertained. They are now 
filled sometimes with dolerite, sometimes with coarse agglomerate. As the pile of erupted 
volcanic materials of the plateaux gradually thickened, and the subterranean energy grew 
feebler, the ascending lava, instead of rising to the surface, was forced between the layers 
of sedimentary strata underneath or between these and the overlying basalts, so as to 
form intrusive sheets or sills. 

6. When the great plateaux of basalt had been built up to a thickness of several 
thousand feet, another remarkable episode in the volcanic history occurred. This con- 
sisted in the uprise at certain points of coarsely crystalline basic rocks, which ultimately 
solidified as dolerites, gabbros, troctolites, picrites, &c. There is reason to believe that the 
points of extravasation of these materials were mainly determined by the positions of the 
larger or more closely clustered vents of the plateau-period, where lines of weakness 
consequently existed in the terrestrial crust. Rising as huge bosses through such weak 
places, the gabbros and associated rocks raised up the overlying bedded basalts, and forced 
themselves between them, forming thus a fringe of finer-grained intrusive sills and veins 
around the central amorphous cores of more coarsely crystalline material. Whether, in 
any of these vast domes of upheaval, the summit was disrupted, so as to allow the basic 
intrusion to flow out as lava at the surface, cannot now be told, owing to enormous 
subsequent denudation. 

7. The next chapter in the chronicle shows us that probably long after the eruption 
of the gabbros, when possibly all outward symptom of volcanic action had ceased, a 
renewed outbreak of subterranean activity gave rise to the protrusion of another and 
wholly different class of materials. This time the rocks were of a markedly acid type. 
They included varieties that range from dark flinty felsites through porphyries and 
granophyres into compounds which cannot be classed under any other name than granite. 
These masses likewise availed themselves of older vents in the plateaux, and broke through 
them. They now form huge conical hills, which, in their outer aspect, and even to some 
extent in their inner structure, recall the trachytic puys of Auvergne. But the grano- 
phyres not only ascended through the basalt-plateaux and the gabbro-bosses ; they sent 
into these rocks a network of veins, and pushed their way in huge sheets or sills between 
the strata below. Around the bosses of gabbro and granophyre, the bedded basalts 
have undergone considerable contact-metamorphism. 
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8. The gabbro and granophyre bosses of the Inner Hebrides demonstrate with singular 
force how unreliable petrographical characters are as a test of the relative age of rocks. 
No one looking at hand-specimens of these rocks,.or even studying them in the field, 
would at first suspect them to be of Tertiary date. They precisely resemble rocks of 
similar kinds in Palzozoic and even Archean formations. Yet, of their late appearance 
in geological time, there cannot be any possibility of doubt. 

9. After the uprise of the granophyre, and the injection of the network of felsitic 
veins, there came once more a period of terrestrial convulsion like that.of the earliest 
basic dykes, but of less intensity. Again, the crust of the earth over the volcanic region 
was pushed upward and rent open by another system of parallel fissures, directed in a 
general N.N.W. line. Again, from a sea of basic lava underneath, molten rock was forced 
upwards into the rents, and thus another system of basic dykes was formed. These dykes 
-are found crossing those of earlier date, and rising through the other volcanic rocks. They - 
traverse the plateau-basalts from bottom to top; they climb to the summits of the gabbro 
mountains, and they even pursue their undeviating course over the huge domes of 
granophyre. No proof has yet been found that from any of these dykes there was a 
superficial outflow of lava. But so great has been the subsequent denudation of the 
areas, that such outflows might quite well have taken place, and have subsequently been 
destroyed. 

10. Whether these basic dykes were the last manifestation of volcanic energy in our 
region cannot yet be decidedly affirmed. But, so far as the evidence at present goes, 
they are possibly older than another series of veins and dykes, consisting chiefly of 
pitchstone, which are found at many points from Antrim to the far end of the Inner 
Hebrides. These vitreous protrusions traverse every other member of the volcanic series, 
and do not appear to be themselves cut by any. At one locality, the Scuir of Eigg, 
they reached the surface, and flowed out in streams of molten rock over the basalt- 
plateau, which had now been deeply trenched into valleys and ravines by running water. 
The singularly durable pitchstone, flowing into a river-bed, has thus preserved an 
impressive memorial of the vanished topography of Tertiary time, and of the enormous 
duration of the Tertiary volcanic period in the geological history of the British Isles. 
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PART f. 
MEAN SCOTTISH METEOROLOGY. 


Tasur L—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


BaRoMETRIC PressurE (Repvucep To 32° anp To THE Swa-LeEvst). 


Year. 


|Accumg. 


April. 


June, 


July. 


Accumg,. 


Means, 


Obsd. 


Accamg. 
Means, 


Obsd, 


Means, 


Accumg. 


Obsd, 


Accumg. 
Means. 


1856 
1857 
1858 
1859 


1860 
1861 
1862 
1863 
1864 


1865 
1866 
1867 
1868 
1869 


1870 
1871 
1872 
1873 
1874 


1875 
1876 
1877 
1878 
1879 


1880 
1881 
1882 
1883 
1884 


1885 
1886 
1887 


29°529 


29°492 
30°013 


29°414 
29:°534 
29°632 
29°740 
29°766 


29°842 
29706 
29°365 
29°459 
29°748 


29°678 
30°115 
29°634 
29-994 
30°034 


30°215 
29°909 
30°105 
29°728 
29°72 
29°793 
29°542 
29°791 


29°618 
29°767 
29°79! 


29°739 
29°789 
29°774 
29°739 
29°769 


29°734 
29°716 
29°709 
29°711 
29°715 


29°723 
29°722 
29°701 
29°688 
29°691 


29690 
29°711 
29°707 
29°720 
29°733 


29°752 
29°758 
29°771 
29°769 
29.769 
29°770 
29°763 
29°764 


29°891 
29 840 
29 998 
29°709 


29-932 
29°681 
30°052 
30°013 
29°886 


29801 
29°514 
29-816 
29:799 
29°677 


29°856 
29°811 


. 29°664 


30°106 
29°867 


30-090 
29663 
29°712 
30°099 
29°512 


29°553 
29°801 
29-998 
29°834 
29°750 
29°462 
30°075 
30°143 


29°910 


29°874 


29°872 


29°847 
29°844 
29°84 
29°829 


29°831 
29°830 
29°820 
29°836 
29°838 


29°850 
29°841 
29°835 
29°847 
29°833 


29°822 
29°821 
29°827 
29°828 
29°825 
29°813 
29821 
29°831 


29°785 
29°767 
29°942 
29°751 


29°978 
30°177 
29°881 
29°819 
30°022 


30°112 
29°935 
29°591 
29°852 
29°992 


29-993 
29°781 
29°874 
30°046 
29°741 


30°026 
29°816 
29°819 
29°861 
29°748 


29°815 
30°010 
29°777 
29-992 
29°872 


29°778 
29°870 
29°982 


29°776 
29°831 
29°811 


29°845 
29 "900 
29°897 
29°888 
29°902 


29°923 
29°924 
29°897 
29°893 
29°900 


29°906 
29°899 
29°897 
29°905 
29°897 


29°903 
29°899 
29°895 
29°894 
29°888 


29°885 
29°890 
29°886 
29889 
29°889 


29°885 
29°885 
29°288 


30°036 


29°932 
29°914 
29918 
29 °927 
29°918 
29°923 
29°924 
29°921 
29°919 


29°918 
29928 
29°923 
29°923 
29°927 


29°925 
29°936 
29°932 
29°923 
29°925 


29°932 
29°936 
29 °938 
29°937 
29°935 
29°928 
29°926 
29°930 


29°900 
30°020 
30°032 
29°934 


29°674 
29°961 
29°733 
29°778 
29°802 


30°188 
29°881 
30°050 
30°034 
30-039 


30°031 
29968 
29°781 
29°894 
30°075 


29°807 
29-922 


29°897 


29°911 
29°709 


29920 
29°876 
29°818 
29°949 
30°013 


29°992 
29°929 
30°174 


29°960 
29°984 
29°972 


29°912 
29°920 
29°893 
29°879 
29°870 


29°902 
29°900 
29°913 
29°922 
29930 


29°937 
29°939 
29930 
29°928 
29°936 


29°929 
29°929 


"129°927 


29°927 
29°918 


29°918 
29°916 
29°912 
29°914 
29°917 
29°920 
29°920 
29°928 


29°893 
29°832 
29°887 
30°050 


29-988 
29°619 
29°735 
30°076 
29°934 


29°849 
29°911 
29°861 
30°058 
29-962 


29°945 
29°692 
29°927 
29°795 
29°890 


29°985 
29°951 
29-762 
30°008 
29°698 


29°835 
29°834 
29°701 
29°73 
29°869 
30°099 
29°804 
29°911 


29862 
29°871 
29°916 


29°939 
29°878 
29°858 
29°885, 
29°890 


29°886 
29°888 
29°886 
29°900 
29°904 


29°907 
29°893 
29°895 
29890 
29°889 


29°894 
29°897 
29°891 
29°896 
29°888 
29°886 
29°884 
29°877 
29°873 
29°873 
29881 
29°878 
29°879 


| January. February.” March, May. | || 
Accumg. Accumg, 
29'538 30°195 29°862 | 
29698 29°804 29-959 
29°866 30000 | 29°910 
30°065 | 29°852 29°823 | i 
29°950 29°881 
29°864 | 29°707 30°046 
| 29°860 29°890 | 29°922 
| 29°639 29°831 | 
29°839 | 29°904 
30°038 29-507 30°070 
29°842 29°784 
29°686 29°698 29°810 
| 29°72 | 
| 29°758 29-945 | 
| 29°890 29°770 
| 29 °634 29°995 
29°889 20°755 
29°886 29°836 
29°880 29°768 
29 673 29°975 
29°875. 29°938 
29°749 29-882 
29°890 29°899 | 
29°776 | 
| 
30°052 29°906 | 
29°878 30°063 
29800 
29°715 29°848 | 
29°795 
29°818 29919 
29°796 
29-988 30°001 
| 30°151 29°884 
29°823 2 
29°394 30°158 
29°803 
20674 29°860 
29°797 
29°977 29°712 
29°805 
29°899 29°983 Ger 
29 ‘809 
30°030 30°084 
29817 
29°766 30°035 
29°816 
29°767 30°011 | 
26°814 
29°959 29909 
29°819 
29°798 29°867 
29°818 
29 997 29°719 
29°824 
29890 29 888 
29°826 
30°021 
29°833 
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Taste I. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Barometric Pressure (Repucep To 32° anp To THE SgA-LEvEL). 


August. September. October November. December Mean Month Successive 
E of Observed Means of the Year 
29-888 29°766 30-084 30-002 29-628 29-869 1856 
30014 29-882 29-803 30°115 29-989 29-894 1857 
29°943 29°95" | 99-898 29-892 29°956 29°703 29°916 1858 
29-850 29°722 29°667 29°855 | 29°651 29-817 1859 
29°924 29°817 29°862 29°982 29°743 29°874 
29°575 29°868 29°784 29-919 29°709 29°786 1860 
29°774 29°723 29 936 29°544 30-020 29-838 1861 
29-885 29-979 29-620 29-897 29-767 29°812 1862 
30°018 29°731 29°914 | 29°681 29-921 29-879 1864 
29°858 29°798 29°817 29°866 29°803 29°846 
29°796 30°131 29-641 29°787 30-015 29-871 1865 
29°687 29°555 30°047 29°753 29°672 29°761 1866 
—-29°856 29-931 29°765 30°230 29-919 29°872 1867 
29-808 29-903 29°72 29°955 29-312 29°822 1868 
30°015 29-590 29-969 29°730 29-693 29°852 1869 
29°849 29807 29°825 29°875 29°774 29°842 
30014 29-937 | 29°614 29°725 29-937 29-904 1870 | 
29-908 29-930 29-822 29-991 29-906 29°871 1871 | 
29-944 29°682 29-587 29°530 29-464 29-698 1872 | 
29°782 29°717 29°670 29°79? | 99-850 29°781 29°842 1874 
29°859 29'810 29°786 29°851 29°789 29°840 
29-968 29-981 29-752 29-826 29-958 29-926 1875 
29-868 29-753 29-856 29°858 29°409 29°814 1876 
29-807 | so-og0 | 77 | 29-202 | | | | 29-903 | 29-767 
29°758 29°818 29°615 29°812 29°674 29°853 1878 
29°703 29-802 30-050 30-219 30°116 29°873 1879 
29°851 29°824 29°792 29°845 29°787 29°841 
29-896 29-968 | 29°772 29740 | 29-905 1880 
20-733 | | 29.996 | | | | 20-623 | | 20-868 
29°805 29°818 29-820 29-541 29°618 29°815 1882 
29°859 29783 29-821 | 29°593 29-997 29-850 1883 
29°852 29°831 | 29°808 29°814 29°786 wen 29°843 
29°855 29°833 | 29°812 29°823 29°782 29°844 
29°97 29°706 29°683 | 29°829 30-010 29°837 1885 
29°874 29-932 29°793 | 29°777 29°545 29°827 1886 
29°918 29°864 30-025 — 29 660 29-688 29-934 1887 
29°861 29°833 -29°814 29°817 29°779 29 846 
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Taste I].—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


PROFESSOR C. PIAZZI SMYTH ON 


Mean Barometric RAnGe. 


January February, March, April, May. June, July. 
oon 
Accumg. Accumg. Accumg, Accumg. Accumg. Accumg, 
Ones Means, Oved. Means, Means. Means, Means, Means, 
1856 | 1°897 0°803 1°185 0°737 0-878 
1857 | 1°534 1°289 1°142 0°890 1039 0°850 
1°716 1 ‘400 1'412 1°164 0'976 0°888 
1858 | 1°241 1°427 1°587 1°434 0-702 0°945 
1°557 1°409 1°470 1*2 1°097 0°82 
1859 | 1°855 1°270 1°289 0-498 0°653 1-083 
1°632 1°420 1'262 0°947 0°783 
1860 | 1°810 2°079 1°931 1°860 1°228 0°745 
1°667 1°536 1°522 1°382 1°00 0°847 
1861 | 1°026 1°€70 1°430 0-734 0°937 0°694 0-777 
1°560 1°559 1" 1274 0'992 
1862 | 1°451 1°402 1°322 1°204 0°845 1°074 0°790 
1°545 1°536 1°481 1°264 0’971 0°85 
1863 | 1°882 1°385 1°227 1-090 1°108 0-809 0°865 
1°587 1°S17 1° 1'242 
1534 | 1°298 1°479 1°123 0°669 0°731 
1°555 1°513 1°413 1°219 0°953 0°838 
1865 | 1°710 1175 0°679 0°884 0-850 0°873 
1°570 1°533 1°165 0°946 0°839 
1866 | 1°771 1°343 1°601 ” 1°218 1131 17139 
1°516 1°408 1°170 0'963 0°843 
1867 1°521 1972 1°326 0°810 1°203 1-055 
1°593 1°S54 1153 0°950 0°973 
1868 | 1°885 1°889 1°824 1°541 17105 0°833 1-003 
1606 1°580 1°482 1°210 0°870 
1869 | 1°723 1°452 1°420 1°503 1°12] 0-919 0°793 
1°57! 1°478 1°23! 0°973 0°874 
1870 | 2-024 1°540 1°420_ 1197 1°404 1088 0°805 
1°642 1°569 1°229 1002 
1871 17940 1-098 1°421 1°065 0°931 0°893 0°840 
1°539 1°471 1°219 0998 
1872 | 1°709 1-004 1°084 1°335 0-950 0°517 
1°663 1*508 1°448 1°207 1017 
1873 2-023 1°234 0°881 1°042 0°934 0°624 
1°684 1°520 1°436 1°189 1019 0894 
1874 | 1°466 1°663 1°525 1°754 0°866 1°027 0°722 
1°672 1°528 1°441 1'218 
1875 | 1°:778 678 0°869 1°548 1°033 1°256 1°000 
1°405 1°432 1°235 
1876] 1184) 1-260 > | 1-907 | 0-969 0-848 1-050 
1°654 1°484 1° 1°24 
1877 | 1°663 1°191 0-996 1°388 1°652 1046 0°936 
1°O55 1°470 1°249 1°039 
1878 | 1°446 646 1007 1°569 1°427 0°943 0°865 0711 
1°450 1°440 1'257 1°035 
1879 | 1:074 1°381 1°160 1°249 0°968 0-751 1°052 
1°622 1°447 1°428 1°257 1°032 
1880 | 1°262 1°603 1°772 1°451 0°981 0°875 
1° 1°454 1°442 1°264 
1881 | 1°855 1°757 1°416 0°786 1°542 0°721 
1°617 1°465 1°44! 1°246 
1882 1°993 1°758 1°526 1°447 1317 
1°631 1°476 1°253 1°060 0°925 
1883 | 1°716 ‘ 1°635 1°734 1°337 0°997 0°848 
1°634 1°482 1°256 
1884 | 2°952 1°497 1°265 3 1°053 1°474 0°807 0°836 
1°679 1°482 1°448 1°249 1'072 o'918 
1885 | 1°929 1°387 0969 0°807 
1°47 1°446 0°925 
1886 | 1°254 1°508 1°460 1°157 0°842 1°088 
1°074 1°480 1°446 1°258 1°072 0'922 
1887 1°575 1°463 1°432 1°467 1°223 0°833 1°101 
1°480 1°446 1°264 1076 


cumg, 
feans, 
0 ‘864 
0°939 
0°880 
0 °867 
‘867 
0°873 
0°873 
0°897 
‘9 18 
fa 
0°88 
0876 
er 
; 
0°854 
0 °862 
0°871 
0874 
0°867 
0°874 
0°874 3 
0°868 
o°882 
o'888 
0°886 
0°883 
0*8go0 
0°897 ~ 


7 
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Taste II. continuved—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Mean Barometric RANGE. 


August, September. October. November. December. Mean Month Successive 
of Observed | Means of the Year 
Accung Accameg, Quantities in | Accumulating | repeated. 
Obsd. | Means. Ones. Means, Oved. Means, Obed. Means, Ores. | Means, 
| 

0°812 1°204 1033 1636 | 1°152 1856 

0°661 1101 1719 1°338 1°236 1857 
1°736 152 rts 1°376 1°487 

1°003 0°997 1°687 1°872 1°297 1°294 1858 
0°825 1°334 1°54! 1°424 1°227 

1°167 1°063 1°236 2°129 1°853 1°289 1859 
I°310 1°688 1°531 1°243 

1:080 1°165 1°261 1°641 1°426 1°444 1860 
0°945 1*106 1°300 1°679 1°510 1°283 

0°797 1172 1°201 1°295 1°459 1-099 1861 
1°284 1°502 1°252 

0-944 0°993 1°872 1°204 1°218 1862 
0°923 1°099 1°368 1°600 1°459 1°247 

0°816 1°442 1°660 1347 1°421 1°254 1863 
1°569 1°454 1°248 

1037 1094 1°776 2°056 1°264 1°207 1864 
0"924 1°137 1°445 1°623 1°433 1°244 

0811 0°887 1246 1865 
0'913 1°45 1°6 1°49! 1°244 

1°057 1°165 1°042 0°941 1511 1°234 1866 
0°926 1°420 1°576 1°49 1°243 

0°650 1°286 1°381 1°371 1°299 ‘ 1867 
0°903 1°409 1°560 1°483 1°24 

0-989 1°411 1°002 1°704 1°415 1868 
o*910 I‘! 1°378 1°578 1°500 I 

1°563 1°18] 1150 2°212 1°330 1869 
1°165 1°364 1°547 1°266 

0°854 1°598 2°114 1°631 1818 1°458 1870 
0°907 I'l I°414 1's 1°27 

1-263 1-090 | | 1-295 0-972 1-287 1175 1871 
0'929 1°188 1°406 1°516 1°55! 1'272 

0°826 1101 1°258 1°810 1°262 1°156 1872 
1°18 1°398 1's 1°534 1°265 

0°702 1172 1°622 1°949 ni 1°450 1°282 1873 
1°182 I°410 1°529 1°266 

1°254 1711 1°545 1°621 1°350 1874 
0°929 1°I75 1°426 1°556 1°534 1°270 

1°295 1071 1383 1°444 1875 
o'918 1181 1°408 1°547 1°530 

1-199 1-148 1612 1-055 1596 | 1-270 
0°931 1°17 1°418 1°524 1°533 1° 

0°890 1°616 1908 1°525 1326 1877 
0°930 1°176 1°427 1°542 1°532 1°271 

1-088 1°232 1°438 1°284 1°456 1°206 1878 
0°936 1°179 1°427 1°530 1°529 I" 

1°223 1215 1-501 1-072 1-180 1879 
0°948 1‘180 1°430 1°512 1°528 1°264 

0°947 1°143 1612 1°269 ‘64 1880 
0°94 1°41 1°530 I's 

0-944 73 1 1-903 1 2-008 1:782 1:422 1881 
0°963 1°16 1°438 1°534 1*540 1°270 

1°124 1°567 1°473 1°154 1°418 1882 

1548 1679 1711 1*401 1883 
0°977 1°446 1°537 1°532 1° 

0747 1-231 1-721 1412 1°450 1/370 1884 
0969, 1'180 1°456 1°533 1°529 1'283 

1151 1°618 1°524 1613 1°318 1885 
0°975 1°178 1°461 1°5 1°532 1°285 

0-791 . 1°654 1°523 2-636 1886 
I'l 1°467 1°532 

1'106 1:472 1-441 1:760 1°357 1887 
0°974 1°188 1°466 1°539 1°563 1°290 


| | 
| | 
| 
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Taste IIJ].—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


MEAN TEMPERATURE. 


January. February, Mareh. April. May. June. July. 
| Accumg. Accumg. Accumg. Accumg. Accumg. Accumg. Accumg. 
Obed. Means. Obed. Means. Obed. Means. Obed. Means. Obed. Means. Ores. Means. Oved. Means. 
| oR °F, °F, °F, °F, °F. °F, °F, °F, °F, °F, 
1856 | 34°3 39°6 39°4 44°3 46°7 53°3 56°4 
1857 | 35°7 39°3 39-2 42°7 49°8 57°4 580 
1858 | 39°3 35°8 ot 39°5 he 43°8 49°5 58°9 56:0 
1859 | 39°6 40°5 43-0 as wile 56°6 = 59°0 
37°2 38°8 40°3 43°2 49°5 56°5 57°4 
1860 | 35°5 340 38°4 41°5 50°2 53:0 57°83 
1863 | 38°5 41-2 42°9 48°6 | >> | 564 
1864 | 36-2 33°5 ay 37°5 46°1 sad 56°7 
38°2 39°9 43°9 49°7 55‘! 56°7 
1865 | 34°6 37°3 46°5 50°9 58°4 
1866 | 39-4 36:7 77 | 38.0 = 56°1 | 569 
37°0 38°5 39°4 44°5 49°3 55°2 57°t 
1870 | 35-9 352 39°5 46°9 50°5 55°6 59°6 
1878 | 39°2 35°4 44°8 wo | | 559 58°5 
1874 | 40°5 =" 38°8 43°3 46°7 47‘1 548 
37°2 38°5 39°9 44°7 49° 57°6 
1875 | 39-7 363 40-0 46°5 54:0 
1876 | 39-2 369 37°6 43°7 wo |” | 550 58-4 
37°! 38°3 39°6 44°5 57'S 
1880 | 36°8 41°7 412 44°7 49-0 54°9 56:7 
1881 | 282 34°4 42-2 50°4 52-9 56°7 
1884 | 40°3 = 392 41-0 43°3 mY | ak wa 
38°5 39°6 44°3 54°8 57°4 
1885 | 35°9 38°5 387 43°9 45-2 53°6 57°5 
1886 | 341 | 34°5 37°3 43°1 47-0 52-9 mY 
ss7 375 | 7° | | | see | | aes | | aso | | ore | *7 | | 
37°0 38°4 39'S 44°2 48°8 54°8 57°4 


+. 

a 

4 
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Tas.e III. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF, 


Mean TEMPERATURE. 


: z August. September. October, November, December Mean Month | Successive 
of Ooserved | Means ofthe] Year 
°F, °F. °F, °F, °F, °F. °F, °F, °F, oF, oF 
50°9 48°8 39°7 37°9 45°7 1856 
60:0 49°6 43°7 449 48°0 1857 
q 57°8 52°3 = 45°8 39°4 34-0 46°8 1859 
53°4 47°3 40°6 39°2 46°8 
54:4 50°2 ae 39°1 34:1 44°5 1860 
57°4 53°7 49°5 38°5 38-0 46°9 1861 
55°7 50-1 46°8 43°1 40°8 46°8 1863 
56°7 52°6 39°0 46°3 
56°1 58-0 41-4 42°9 46°9 1865 
57 | >. | azs 40°4 34:9 46°4 1869 
56°7 47°0 40°3 39°2 46"4 
58-0 53°6 46°3 39°1 33:5 46-1 1870 
58-9 | 472 “ 386 38-0 46°4 1871 
ve ani |?” ae 41-2 42:5 46-4 1873 
56°8 52°9 46°7 40°3 38°5 46°4 
58-1 470 39°2 38-9 46-9 1875 
58°6 543 48-9 38-0 30°7 46°8 1878 
56:0 46-0 40°5 34:7 43°9 1879 
56°9 52°8 40°3 46°3 
58-4 56°8 52°8 46°7 02 40°4 967 38°0 46°3 1886 
56"9 52°9 46°7 40°3 37°9 46°3 
53°6 50°8 42°4 40°3 38-2 44-9 1885 
515 44°] 39°6 36°1 46-0 1887 
56°8 52°8 46°6 40°4 37°7 46°2 
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Taste IV.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


PROFESSOR C. PIAZZI SMYTH ON 


Mean Datty Rance or TEMPERATURE. 


January, February. March, April, May, June, July. 
Year, 

1856 | 132 1133 14°4 16°7 
1857 | 8:2 10°0 9°5 12°0 14°4 172 141 
1858 | 9-4 107 11°9 15°3 14°8 16°4 147 
1859 | 9°6 98 10°9 13°5 19°7 16°1 143 

8°6 9°8 13°5 15°8 
1860 | 8-1 107 115 149 15°0 13°3 14°5 
1861 82 9°3 11°4 141 15°6 136 136 we 
1862 | 771 83 86 9°3 137 138 14°1 12°6 13°1 
1863 | 87 109 112 13°4 14:1 13°2 16°8 
1864] 91 111 110 14°5 13°7 147 

10°0 13°9 15°3 14°5 14°7 
1865 | 92 93 10°8 we 14°0 17°3 15°7 
1866 78 11°4 13°1 17°9 15°8 140 
1867 | 97 9°5 11°4 : 11°5 12°2 13°9 12°9 
1868 | 9°9 12°0 12°9 14°9 16°3 182 
1869 | 8-1 9°8 120 15°8 14°7 15°8 15°8 

8°6 9°7 13°9 15‘0 14°9 
1870 | 8&2 9°3 12°3 15°6 142 149 15°5 
1874} 99 113 12°0 15°4 14°2 18°8 157 

8°7 9°7 13°9 15‘o 15‘2 
1875 | 97 8-7 9°5 11°5 17°3 15°3 15°9 169 
1876 | 9°7 9°8 10°6 13°1 16°6 160 
1877 | 96 10°6 125 14°1 14°9 12°4 
1878 | 9°7 9°6 12°4 13°9 14°5 16°5 16°0 
1879 | 10°5 9°6 110 12°4 16°2 13°6 11°9 

9°8 139 15°3 14'9 
1880 | 9°5 10°0 146 16°5 17°2 14°4 
1881 | 12°6 9-2 12°7 15°8 18-0 16°3 14°0 
1884 9°0 9°8 11°5 14°6 161 = 16°0 14°4 

9°8 14'0 15°4 15°5 14'8 
1885 | 8°6 lll 132 14°6 14°2 16°6 17°5 
1886 | 9°9 9°5 112 14°8 145 16°4 15°6 
1887 | 9°0 11°3 ” 13°5 15°9 16°4 19°0 16°4 

9°9 11°8 14'I 15°4 15°6 


i 
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Mean Daitty Rance or TEMPERATURE. 


Mean Month | Successive 
October November. ——o bserved | Means of the} Year 
August. September in | Accumulating | repeated. 
A Accumg. Obsd. Accumg. each Year. Years, 
m 
Obed. | | | | | Obed. | Arcane 
* | Means, oF oF. F, 
°F °F. °F, 122 1856 
°F, °F. * F. F. 10°9 10°0 9 
1 128 9°6 198 1858 
14 13'0 9-7 8°38 12°3 
14°9 6 13°5 12-0 10°4 8-7 12°4 
‘ 81 
14°4 13°6 5 109 9°5 12°2 
110 11-0 7 | 7.1 ne 1862 
12° 
128 13 9 3 12°7 11°0 9°9 8°7 194 1863 
I3° e . 
13°7 122 33 10°6 9°8 12°1 1964 
140 11°6 9 77 12°5 
13'7 3-8 113 10°6 8:7 
13°3 15°9 11°6 10°0 121 1866 
13°9 13'S 95 12°2 
d 12°7 113 20°0 8°8 5 1867 
127 13°4 11°6 92 11 — 
13°7 11°7 11°9 1 20°r 8°8 12% 1868 
13°2 9-9 1 
12 13°1 11°6 130 1870 
9°7 
14°2 133 9°8 10°1 12°3 
14" 13°3 9:6 84 
139 11°3 113 11-9 1873 
13°83 14°3 129 10°0 9° 13°3 1874 
14°3 13'2 12°8 1875 
10°2 93 12°3 
137 144 10°0 19° 1876 
14°2 9°7 a4 12°3 
16-7 124 10'0 1877 
14°4 13°3 10'1 9°4 1 
146 12°5 10'0 127 1878 
14°3 13°3 10°1 10°9 12°3 
14°4 13°3 10°9 10°0 gt 12°4 1879 
a 14°2 13°8 1880 
12°7 105 12°4 
16-2 15°6 14°2 10°r 9°3 182 1881 
14°3 13°4 101 
13°9 12°8 11°8 I0'2 9 3 13°1 1882 
14°3 13°4 11°0 9°9 12"4 
14°3 13°4 10°8 10°2 
14°5 13°9 13°4 9°4 13-0 1884 
62 | 15-0 11:2 9°4 12°5 
14°4 13'5 13-1 1885 
12°5 
15°3 14°4 117 102 10°3 94 12°8 1886 
14°4 13'S 10°6 10°6 i2's 
10°8 10°3 9°5 1887 
14°4 9°7 1011 12°5 
14°] 13°1 10°3 95 
14°5 13 
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Taste V.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


or Bus 1n THE Sun, or BY Day. 


January. February, March. April. May. June, July, 
Year, 
°F, °F, °F, °F, °F, °F, °F, °F, 
1856 
1857 | 56°7 62°0 58°5 702 81°0 98-0 92°5 
1858 | 52°6 59°3 Pre 68°6 77°5 97°4 89°8 
1859 | 54°6 59°3 65°1 71°0 91°8 95°3 92°0 
54°6 60'2 72°9 84°7 
1860 | 48°4 57°0 66°5 767 81°5 80°8 : 90°8 
1862 | 47°9 57°5 56°2 707 77°8 78°4 80°8 
1863} 476 | > | 563 ai” 676 | | 82°8 89-2 
50°6 62°9 72°5 81°2 88°8 88°8 
1864 | 48°0 54°0 589 729 82°6 82°7 89°3 
50°3 57°6 62°4 72°5 81°3 88°8 
1865 | 46°8 49°5 61:3 756 79°1 91°6 90°7 
1866 | 50°6 56°6 63°4 70°4 81°6 89°8 88°1 
1867 | 46°5 58°6 62°6 68 °6 74:1 85°8 85°6 
1868 | 47°8 56°2 65°1 72°2 81°5 88°5 
1869 48°9 57°3 65°0 776 773 87°7 wh: 92°4 
56°8 62°8 72°7 80°3 88°3 89°6 
1870 | 66-2 771 81°5 95-6 
1871 | 45°2 55°0 ithe 67°8 72°5 89°8 92°8 
1872 | 48°8 56°7 65°4 75°7 81°7 89°3 970 
1873 | 56°4 63°2 76°9 83°2 91°0 92°9 
1874 | 50°6 56°3 64°5 74°8 810 93°8 94°2 
49°1 56°4 63°6 73°4 81°2 89"2 
1875 | 49°5 51°2 62°6 78:7 80°4 92°2 
1876 | 50°4 55°3 we 72°6 86°3 92°4 93°8 
1878 | 50°7 57°3 66°2 72°2 82°4 92°0 esi 
1879 | 45°0 49°1 610 712 79°5 85°3 83:7 ihe 
49°0 55°9 63°3 73°1 812 89°4 90"9 
1880 | 48°7 60°5 70°7 85°8 94°6 95°0 
1881 | 52°4 64°1 = 86°4 we 87°8 
1882 | 51°4 ne |?” 66°1 72°2 87°4 89°6 92°3 
1884 | 48°7 = 61°9 74°5 89°7 7 89°7 
63°7 73°4 81°8 89°7 
1885 | 43-7 66°4 73°5 76°5 90:2 92-9 
1886 | 54°2 62°9 77°3 78°2 93°2 91:8 
1887 | 47°6 60°3 69°1 77°8 86°0 97°1 99°6 
48°7 64°0 73°7 81°7 


Mean oF Brack In THE Sun, or By Day 
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TaBLE V. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


August, September. October. November, December Mean Month | Successive 
of Observed | Means of the Year 
Quantities in | Accumulating | repeated. 
Obed. | Means, Obed. Means. Obed. Means, Obed. Means, Obed. Means, — _— 
°F, °F, °F, °F, °F, °F, 
1856 
97°1 83°6 73°6 59°2 55°3 74°0 1857 
93°7 88-0 77 59°1 50°6 73°8 1858 
95°4 5" 7° 59°2 53°0 73°9 
83°4 70°1 56°1 46°4 73°0 
94°0 70°5 58'1 50°8 1859 
84°6 68:1 53°2 45°0 69°5 1860 
916 84°2 69°9 56°9 49°3 72° 
81:3 796 70°4 55°3 51°4 69°2 1861 
89°6 83°3 70°0 56°6 49°7 719 
82°3 68°4 53°4 49°4 67°1 1862 
‘3 69°7 56°0 49°7 
83°7 73°9 65°0 55°7 48°8 67 1863 
87°7 81°8 56°0 49°6 70" 
87°7 80°2 66°0 55°3 46°7 68°8 1864 
87°7 81°6 68°7 55°9 49°2 70°4 
82°6 89-0 66°2 57°5 52°6 70°2 1865 
82°4 56°1 49° 70°3 
82°8 77°4 68°4 49°8 69°8 1866 
7 81°9 56°3 49 70°3 
86°8 67°1 57°3 49°8 . 68°4 1867 
7 81°5 68°3 56°4 49° 
65°3 51°9 49°4 69°8 1868 
86°6 81°2 56°0 49°6 70°! 
90°4 775 65°7 53°6 45°9 69°9 1869 
86°8 80°9 558 49°3 70°! 
98°8 86°5 69°8 43°4 1870 
7°7 81° 68°0 48°9 70°2 
| | 1 695 ua 726 1871 
‘2 81° 68°1 48'9 70°4 
91°2 761 : 68°7 54°9 46°8 710 1872 
‘4 55'8 48°8 70'4 
86°9 83°0 66°0 52°6 49°8 709 1873 
3 81° 55°2 48°3 70°4 
870 78°9 65°8 52°3 41°4 70°0 1874 
67°9 55°4 48"4 70°4 
80-1 62-9 51°6 47°4 69°7 1875 
93°0 81°4 67°7 55°2 46°0 71°0 1876 
‘4 6 ‘2 48°2 70°4 
814 81°7 67°8 57°9 48°1 68°8 1877 
90°3 84°8 68-2 43°5 71°5 1878 
‘2 81° . 
68°0 55°4 47°9 79°3 
96°1 89°9 70°2 56-2 47:3 74:3 1880 
81°7 68°o 54 47°9 70°5 
86°5 79°7 68°2 57°0 47°6 70°4 1881 
55° 47°9 79°5 
92°5 80°5 67s 53°6 41°9 712 1882 
92-9 86°7 68°3 54:1 44°8 70°7 1884 
88°8 81°8 68°2 55°4 47°6 70°5 
85°5 82-0 67-4 52-2 49°3 69°7 1885 
"7 81°8 68°2 . 47°7 70'S 
69°1 cos | | 468 71:2 1886 
81°8 47°6 70°5 
93°3 84°7 73°4 53°4 47-2 742 1887 
88°9 55°4 47°6 
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Taste VI.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Mean or Brack purtne NIGHT. 


January. February. March. April, May. June. July. | 
Year, 
|\Accumg, Accumg. Accumg. Accumg. Accumg, Accumg,. Accumg. 
Obed. Means, Obed. Means. Oved. Means, Obed. Means. Obed. Means, Obed. Means, Obed. Means, a 
oF, ° F. oF ° F. ° F. ° F. F. oF. ° F. oF. F. ° F. °F 
1856 
1857 | 28°8 317 31°5 33°3 387 45°5 45°9 
1858 | 30°9 29°2 31°3 37°8 45-4 43°6 
29°8 30°4 32°3 38°2 45°4 44° 
1859 | 30:3 30°8 32°9 28°8 34:1 42°7 45°9 
30°0 29°! 31°2 36°9 44°5 45°0 
1860 | 26-7 29°7 37°8 42-2 45°5 | 
29°2 27°8 ‘2 30°8 37°1 44°0 45°2 | 
1861 | 28°7 31-0 31°6 36-0 46-0 44°9 
28°5 313 44°4 45°2 
1862 | 31°6 29°4 889 41°3 42°3 
29°5 30°3 31°7 37°2 43°8 44°77 | 
1863 | 20-4 32:1 33°7 36°5 | 
29°6 29°5 ‘8 319 37°1 43°5 44°3 ; 
1864 | 23°3 28°3 34:7 41°6 44°8 
29°3 28°7 30°5 32°2 43°3 44°3 
1865 | 26-4 25°6 27°5 32-9 38°5 43-0 442 
‘2 32°3 37°3 43°3 44°3 
1866 31°2 27°6 32°3 32:7 45°3 | 
29°2 28°3 29°9 2°3 36°8 43°2 44°4 | 
1867 | 22°3 32°3 259 36°0 37°8 42°7 43°9 | 
28°6 28°7 29°6 32°6 36°9 43°2 44°4 | i 
| 28-3 38°7 42°5 45°8 | 
28°6 29°0 29°8 32°8 37°0 43°1 44°5 | 
1869 | 33-0 272 33°4 32°3 40°3 46°1 
28'9 29°3 29°6 32°8 36°7 42°9 44°06 
1870 25°4 28°1 33°9 43-0 47°5 
28°8 29'0 29°4 . 36°8 42°9 
1871 | 25-2 33:3 32-0 sia | >? | 365 407 44-8 
28°6 29°3 6 | 328 36°8 42°7 44°38 | 
1872 | 29°6 32°0 31°6 33°7 34°6 45°7 | 
28°7 ‘8 2° 36°7 42°7 
1873 | 30°5 25°4 29°8 $2°1 wile 33°8 42-4 45°5 
28°8 2" 36°5 42°7 44°9 
1874 31-0 28-2 32°5 7 33°7 34:1 38°8 45°6 
28°9 29°1 29°9 32°9 36°4 42°5 44°9 
1875 | 30°3 26°9 29°6 39°7 42-2 
29°0 29'0 29" 2°8 36°4 42°3 44 
1876 | 29-7 |” | see | 35-1 41-4 45°3 
29°0 28°9 29°8 2°8 42° 44° 
1877 | 28°5 30°5 27°8 31:2 33°7 42°5 45°8 
29°0 2° 36°2 42°3 44°9 
1878 | 28-4 92°5 or | | 1 41-9 46-1 
28'9 29°2 2°8 42°3 44°9 
28°6 29°6 32°7 42°3 44°9 
1880 26°5 31°5 286 31°8 34°4 39°7 43°7 
28°5 29°! 6 2°6 ‘0 42°2 44°9 
1881 17:1 26°5 27°1 29°3 360 39°4 45°3 
28°0 29°0 ° 2° 36°0 42°0 44°9 
1882 | 32-7 32°9 33-0 34°8 
28°2 29°2 2° 42°0 44°9 
1883 | 30-2 31°8 32°9 = 41°3 45°0 
28°3 29°3 ° 2" 35°9 42°0 44°9 
1884 | 32°3 30°5 31-3 31°4 36°5 42°0 45°8 
28°4 29°3 29°5 32°4 36'0 42°0 44°9 
1885 } 27-2 28°6 28-0 32°5 40°7 44°3 
28°4 29°3 2° 41°9 44°9 
1886 | 24°8 = 31°3 36:0 40°7 44°7 
28°3 29°2 2" 41°9 449 
1887 | 29°5 27°7 29°9 36°4 43°5 
28°3 29°2 29°4 32°3 35°9 44°9 
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TaBLe VI. continued.—SCOTTISH COUNTRY AND TOWN STATION S, METEOROLOGY OF. 
MEAN oF Brack purine 
| 
August, Septeinber, October, November. December. Mean Month Successive 
ee wags 2 of Observed | Means of the Year 
/Accumg. Accumg. Accumg, Accumg. Accumg, 
| Means, | 9084. | Means, Means, Means, Means. 
°K, °F, °F, °F, °F, °F, °F, °F, 
1856 
47°7 43°7 39°3 34-2 36°1 1857 
43°5 41°1 29°3 31°0 35:1 1858 
45°3 36°0 30°4 30°5 35°9 
38-0 30°5 26-0 33°8 1860 
“us aq” 35°6 27:2 = 35:9 1862 
411 40°2 35°0 50-0 316 346 1864 
44°3 40°5 36°t 30°2 30°3 35°6 
437 45-4 33-7 30°3 34°3 35-5 1865 
| 43°5 39°7 38°5 30°8 30°9 35:3 1866 | 
44°2 41'0 35°8 30°4 
3 43°8 40°2 34-2 28°7 24-0 34°6 1870 
| 03 +"? 352 | 28-0 vat 27-0 34°9 1871 
4 | 33°1 31-0 33°] 350 1873 
44°I 40°6 35°0 30°2 29°4 
45°8 41-4 29°] 29-2 35°0 1875 
| 43 39°4 33°4 = 23°] 32°6 1879 
44°3 40°6 35°77 28°8 35°2 
45°2 40°7 29°1 27°3 33°8 1880 | 
| 40°6 40°8 33°] 35°4 84-4 29+} 33°2 1881 | 
44°3 40°6 35°4 30°1 | 28°6 351 
38-2 32:9 31-0 33-9 1885 
453 | 40°7 307 | 33°4 23°8 34°5 1886 
49'S 35°3 30°2 28°4 35°! 
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Taste VII.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Humipiry. 
January, | February.jMarch, | April. | May, | June, July. | August. October. ber.[Decemb 
| Quantities | the Accu- 
Ac. Ac. Ac. Ac. Ac. Ac. Ac. Ac. Ac, Ac, Ac. Ac, in each mulating 
OD. | vin, = OD. | OD. OD. OP | OP | OP | OP | ain. Year. Years. 
85 84 79 79 77 76 77 81 83 90 89 89 82 
87 89 86 84 80 81 80 85 87 90 90 88 86 
86 86 82 82 78 781 =| 78 83 85 go go 88 84 | 
86 83 85 78 81 78 83; | 81 84 87 89 90 84 | 
| 86 85 83 80 79 78 80 82 85 89 89 89 84 
87 88 85 80 73 78 81 80 82 89 89 88 83 
| 86 86 8. 80 78 78 80 82 84 89 89 89 84 | 
89 85 86 82 81 85 33 85 87 87 90 90 
87 86 84 81 78 80 80 82 85 89 89 89 84 : 
90 88 s6{ 183; |ss| 90 87 90 86 | 
87 86 84 81 79 80 81 83 85 89 89 89 84 : 
90 89 88 83 84 83 83 87 88 | 88 90 89 87 A 
88 87 85 81 79 81 82 84 | 86 89 89 89 85 2 
90 88 85 84 83 84 80 85 86 89 89 88 86 fe 
| 88 87 85 82] | 80 81 81 84 86 89 89 89 85 
| 87 84 81' 482 83 81 86 89 91 89 86 “i 
| 87 85} |82] | 8: 82 83 86 89 89 89 85 
87 88 85 83 83 481 82 87 86 88 89 87 86 | i 
88 87 85 82 80 81 82 84 86 89 89 89 85 ae 
89 87 88| 184 77| +|82; [83 86 87 90 87 89 86 | 
88 87 85 82 80] 81] 82 84 86 89 89 89 85 cis 
86 88 86; [86 [84 | 86 87 89 87 89 86 
88 87 86 82 So} 8 82 84 86 89 89 89 85 ‘5 
89 86 85 84 80 77; 4178| 188 86 87 87 90 84 FS 
88 87 85 83 80 81} = 82 84 86 89 89 89 85 6 
90 88 84 82, 178 80/ 82, } 82 86 88 87 88 85 
88 87 85 83 80 81 82 84 86 89 89 89 
| 
89 88 87) | 82 87 88 87 86 
7 82 80] 81] 82 84 86 | 
84) 79 81 | 83| | 84 86 85 
| (85 83 80 81 82 84 86 
8 80 81 82 8 86 
s9| | s6| 85 88 89 88 86 
88 87] (83) 84 86 88 89 89 
88 | 88 86| 178 2 84 86 87 89 84 85 
| 88 87 86} (83 80 81 82 84 | 86 88 89 89 
81 81 86 | 87 88 89 90 86 
| | 83 80] | 82 8 
90 s9| |85| | 8s 90 91 86 
89 86 83 80} 82 84 88 89 89 
ss; |ss| |s6| |ss| |ss| 90 86 
89 (874 86 83) (80) 81 82 84 86 88 89 
83 | | 86 86 88 86 
| 80 81 82 8 86 88 | 
86 | 90 86; 185 | 86 88 86 | 88 86 
| 89 88 86 ” 81 81} 82 84 86 | 88 | 89 89 
88 89 86/ |78| 85 86 8 | | 8s 85 
89 88 86} (83 80 81] | 82 84 86 89 
8 | 183 |79 1 88 | | 89 85 
| 83 81 82 86 | 88 89 89 
88 | 88 85 83 78 82 84 $4 | 87 | 88 89 86 
88 86] (83) | 80 81} 82 84 89 89 
88| 180} | 84 87 88 85 
88 86} (83) | 811 82 84 86 88 89 89 
89 | 87 86| [82, 181! [80] [85 83 87 | 87 87 | 88 85 
88 88 86 83 80 81 82 84 86 88 | 89 89 
88 | 89 84 82; [sl 78 81 83 84 85 88 89 84 
88 (86) 83) 82 84 86 88 | 89 
87 88 87 81, 83 84 89 88 86 84 
88 86] 83] __ 82) 84 88 | 89 
87 85 85 80 77 77 78 79 85 83 | 87 86 | 82 
88 | 88 83] 8 | 82 84 86 88 88 | 89 | 
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Year, 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 | 
1865 
1866 
1867 ; 
1868 + 
1869 
1870 J 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 | 
1885 
1886 
1887 
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Taste VIII.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 
Number oF Days on Rain FELL 
| January, | February.| March,] April. |] May, | June, | July. | August, [September] October. [November.j/December, Mean Moni successive 
Ac. Ac, Ac. Ac, Ac, Ac. Ac. Ac, | Ac, | Ac, | Ac, Ac, in each mulating 
| | | ae | aS | | 
1956] 13 4; 18 415) | 14 12 13 13 
| | | | 
167 fae) fas} fas! | 10 | 14 
| 34 12 10 Be (13 14 12 16 | 14 12 | 15 14 
1858 | 14 6 13 2 | 16 12 17 15 14 18 10 17 13 
| 14 10 12 14 13 | 16 | 13 | 15 15 12 13 
i859 | 17 17 1] 15, | 4) ll 14 14 17 14 14 15 14 
15 | 12 33 #2 12 15 13 | 16 15 | 16 14 
| 
1860 | 18 13 19 10 15 18 | 11 | 14 22 17 | 17 16 
16 12 13 12] /|12 14 | 15 16 13 14 
1861 | 14 15 | 22 | 9 14, 13, 20 22 19 14 19 13 16 
| 15 | 12 |12] | 12 141 | 15 16 14 | 15 14 
1862 | 21 | ll | 16. 14 16 420 22 | 16 | 13 | 19 10 21 17 
16 12 14 12 13 14 16 16 14 | 16 15 
1863 | 21. 14 15 17 15 18 8 19 21 19 15 18 17 
17 12 14 13 13 16 16 17 | 16 15 
1864 | 14 14 | 16, $12 12 17 1] 13 19 13 16 lj 14 
16 | [23] | 35 16 | 17 15 
| 16 | 13 (15 13 14 a5 | 16 16 | 14 | 16 15 
1866 | 19 19 16. 13, 410 12 13 19 19 13 16 20 16 
17 13 “15 12 (13 14 14 16 | 16 | 16 | 14 17 15 
1867 | 18 14, 20) 14 12 14 15 16 18 9 16 15 
17 14 15 13 14 14 16 I | 17 15 
1868 } 17 18 17; “|u| 416 13 17; $13! 15 
17 {15 131 16 16 16 14 17 15 
1869 | 18 19 12 11 11 9 12 10 — 20 | 15 18 | 15 | 14 
17 | I4 13 | 16 | 16 16 | I4 17 15 
1870 12 fil) 10, 9 | 12 | 6) | 13 12 
17 14 14 13 I I 2 16 I I4 I 15 
1871 | 13 16 | 13 16 11, 20 11 12 17 14 | 17 ws 14 
I | 14 14 13 13 13 14 ly I 14 I 15 
1872 20 | 18 14; 419 13. 16 | 22 19 21 | 18 18 
a 17 | 15 |13] |13] I I 4] 17 15 
x | 20 | 9 | 1 19 | : 18 17 P 15 16 16 | 
17 14 14 I I 16 14 x 15 
1874 18 11 16) 9) 20 *5 a9 17 17 13 15 
i 17 | 14 15 fan [33 *3 14 16 | 16 16 | 15 16 15 
1879 | 22 | | 10; 8) 717) 417 13 21 18; 16 15 
I 14 | 14 14 I 16 17 17 
1876 15 | 18 | 21 | 15 11 14) 13 | 17 | 17 15 16 
roe 17 | 14 15 I I I I I 16 17 15 17 
1877 23 | 18 | 18 12 13 | 15 : 22 | 22 | 19 21 18 18 | 
| 37 | 14 13 (13 14 14 16 16 17 15 17 
| 1878 | 16 12) 16 16 14 14 
17 13 I I 16 16 17 15 17 
1879 } 11 15 16 12 18 | 19 | 19 16 | 13 13 1] 15 
17 | 13 | 16 | 16 17 15 16 15 | 
17 14 15 13 I 14 I 16 16 
I 14 15 3 16 16 I 15 
1882 15 14 | 20 14) 17 14 | 16 18 20 17 17 
5 | I 14 15 13 13 14 I 16 16 I 15 
| 15 15 13 I I 16 | 16 I 
_ 1884 | 20 15 15) 9! a2 | 16 14 17 15 
16 | 15 15 13 15 1S 16 16 15 16 
T5 15 12 13 I I 36 15 
1886 | 20 | 14 | 17). 413 16, 410 15 14 | 15 19 18 17 16 
17 Bi 15 13 I I I I 16 17 15 
| 17 | 15 15 12 13 15 15 | 16 16 16 16 
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Taste [X.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


PROFESSOR C. PIAZZI SMYTH ON 


Deptu or Rain 1n INCHES. 


Year, 


1867 


1869 


1870 
1871 
1872 
1873 
1874 


1875 
1876 
1877 
1878 
1879 


1880 
1881 
1882 
1883 
1884 


1885 
1886 
1887 


January. February. March, April, May. June, July. 
| Accumg. Accumg Accumg. Accumg. Accumg,. Accumg, Accumg. 
Means, | Means, | | Means, | Means, Obed. | Means. Means, Means. 
2°38 3°30 0°26 2°44 2°62 371 2°55 
277 1°54 2°94 2°38 1°66 2-79 2°17 
2°5 2°42 1" 2°41 3°25 2°3 
2°98 1°13 1°95 1°86 2°81 2°36 4°31 
2°71 1°99 1°72 2°2 2°36 2°95 3°01 
4°21 3°38 4°18 3°20 ‘ 0°29 2°04 2°76 
3°08 2°34 2°33 2°47 1°84 2°72 2°95 
4°56 ‘ 2°69 3°52 118 2°18 4°34 1°82 
3°3 2°41 2°57 2°21 3°05 2°72 
3-09 3°32 510 | | 1-04 1°57 2°35 3-04 
3°33 2°56 2°99 2°02 1°86 2°93 2°92 
5°32 1°88 3°63 2°99 3°89 3°99 3°87 
3°62 2°46 3°08 2°16 2°15 3°08 3°06 
6°20 2°40 . 2°08 96 3°27 2°34 3°24 0°72 
3°94 2°4 2° 2° 2°17 3°10 2°77 
2°84 3°75 3°96 1°57 " 198 2:57 2°37 
3°82 2°60 3°07 2°21 2°15 3°04 2°72 
3°73 2°91 2°05 0°94 3°36 0°75 3°09 
3°01 2°63 2°97 2" 2°27 2°81 2" 
5°31 4°51 3°15 1°68 1°36 1°85 3°14 
3°94 2°80 2°98 2°0 2°19 2°73 2°79 
4°74 3°09 2°26 4°43 2°83 211 4°38 
4°O1 2°82 2°92 2°2 2°24 2° 2°93 
5°53 4°75 4°22 3°31 2°51 1°14 0°70 
4°13 2°97 3°02 2" 2°26 2°5 27 
- 4°85 4°05 1°33 1°99 a 1°37 2°15 1°62 
4°18 3°05 2°90 2°31 2°20 2°53 2°67 
3°08 3°89 124 1°58 2°61 191 1°88 
4°11 3°11 2°79 2°26 2°23 2°49 2" 
2°74 4°40 2°50 4°08 1°12 2°07 4°16 
4°02 3°19 2°77 2° 2°1 2" 272 
6°48 4°28 3°26 2°14 3°32 5°16 3°59 
4°17 3°25 2" "i 2°22 2°62 2°77 
5°37 1°45 2°32 0°70 ai 2°69 174 4°57 - 
4°23 3°15 2°78 2°27 2°25 2°57 2°07 
4°02 171 2°82 2°27 1°82 1°42 3°11 
4°22 3°08 2°78 2°27 2°23 2°51 2°88 
5°63 172 1°68 1°41 2°03 3°14 2°90 oi 
4°29 3°01 2°72 2°22 2°22 2°54 od 
2°84 4°33 5°10 091 3°12 2°26 ‘ 
4°22 3°07 2°84 2°27 2°1 2°57 2°05 
6°96 4°12 2°58 “ 2°96 2°75 3°72 me 4°31 
4°35 3°12 2°82 2" 2°18 2" 2°92 
4°01 1°92 2°09 171 3°39 2°78 1°12 
4°33 3°07 2°79 2°27 2°24 2°63 2°84 
1°84 2°52 3°20 1°89 2°30 4°24 5°03 
4°23 3°04 2°81 2°26 2°24 2°69 2°93 
2°02 3°98 2°32 3°37 1°20 2°09 6 3°69 06 
4°14 3° 2°79 2 2°20 2 2" 
1°30 3°79 3°49 116 2°48 3°23 4°16 
4°03 3°11 2°82 2°26 2°21 2" 3°01 
3°41 3°20 4°17 3°09 2°16" 3°68 4°67 
4°01 3°11 2° 2° 2°21 2°73 3°07 
4°48 4°14 2°36 1°88 1°84 2°34 3°78 
4°02 3°15 2°85 2°27 2°19 2°72 3°10 
5°80 3°84 3°24 131 3°01 0°87 4°74 
4°09 3°17 2°86 2°24 2°22 2°65 3°15 
2°93 4°35 2°53 2°56 3°22 1°45 ‘ 1°65 
4°05 ‘21 2°2 2°2 2°61 3°10 
4°42 1°81 3°14 1°98 3°57 1°58 3°39 
4° 3°17 2°86 2° 2° 2°5 3°11 
3°25 2°46 1°88 2°05 1°39 0°96 2°97 
4°03 3°14 2°83 2°24 2°27 2°53 3°11 


? 
4 
| 
| 
1856 | 
| 1857 | 
| | 
F 
1859 | 
1861 | 
> 
1862 
1863 
1864 
| 
| 1865 
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| 1866 
1868 
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Taste IX. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Deptn OF 1n INCHES. 


uccessive Successive 
August, September. October November, December, Month] Means of? youriy | Means of 
of Observed . Mean Sume of Sums of 
Quantities onths off the Accu- 
Accumg.] ond ‘Accumg. Obsd Accumg.] (nea Accumg.| in each 
Obsd. | deans. * | Means, * | Means, * | Means, " | Means. Year, Years.” | Years, 
3°46 4°64 1°43 2°12 4°09 2°75 33-00 
1°87 3°82 2°36 2°89 3°37 2°55 ; 30°56 
2°66 4°23 1°89 2°50 3°73 2°65 31°78 
2°61 2°80 4°72 2°38 4:00 . 2°83 33°91 
2°65 3°75 2°84 2°46 3°82 2°71 32°49 
2°27 3°21 4°60 3°37 3°66 3°10 37°17 
2°55 3°62 3°28 2°69 3°78 2°81 33°66 
3°79 1-92 5°14 2°83 3°91 A 3°16 37°88 
2°80 28 "6 2°72 3°31 2° 34°50 
6°44 5°27 3°34 6°63 2-98 3°76 45°07 
_ | 34! 3°61 | 3°60 3°37 3°67 3°02 36°26 
3°35 2°44 6°32 | 2°41 5-20 3°77 45°29 
3°40 “44 32 3" 3°13 37°55 
4°50 4°72 411 3°52 501 3°51 42°11 
3°54 3°60 4 4700 3°27 4°03 31 
1°66 461 5°47 4°09 3°71 3°22 38°58 
3°33 3°71 4°17 3°36 3°99 3°18 38°17 
3°89 1°14 8-29 3°65 2°83 33°91 
3°3 "46 "26 "35 3 3°15 37°75 
3°99 4°34 2°86 3°93 5-29 3°45 41°41 
3°44 “41 4" 31 38" 
2°82 3:17 4:29 1°25 3°15 3-21 38°52 
3°39 ‘SI I ‘2 4°00 3°18 38°12 
5°18 3°34 3°71 2-62 6-02 3°59 43°03 
3°52 ‘50 ‘II "18 471 3°21 38°50 
1:32 592 | | | | 406 3-04 36°54 
3°37 3°69 4°03 3°26 4°19 3°20 38°35 
1°55 3°32 4°63 2°58 3°54 2°65 31°81 
3°25 ‘21 4°15 31 37°92 
2°92 2°57 3°46 3°41 3°76 3°10 37°19 
3°23 ‘58 ‘0 "22 4°12 37°97 
3°89 5-94 4°75 6°01 5°33 4°51 54°15 
3°27 ‘08 4°20 3°24 39°93 
421 4°36 5°47 3°32 3°13 3-28 39°33 
‘I ‘38 4°14 3°24 38° 
5°54 418 6°05 2°69 3°35 40°17 
3°43 3°77 4°26 3°44 4°06 3°25 38°93 
2°97 4°34 4°72 4°87 3°67 3°26 39°08 
3°41 ‘80 ‘28 4°04 3°25 38°94 
373 356 | 477 | 33 | >> | 757 3°74 |. 44°88 
.. 3°43 ‘79 52 4°21 3°27 39°22 
635 | | | Leow 17" Law 4-32 51°83 
‘71 64 4°23 3°32 39°79 
396 4°62 4°46 3-21 3°01 3-02 36°28 
7 ‘62 4°17 3°30 39° 
4-48 | | | | 270 3-04 36°43 
3°61 3°76 4°25 3°56 4°11 3°29 39°5! 
0:86 3°68 2-53 5°03 3-96 2°89 34°73 
3°76 "18 ‘62 4°11 3°2 39°31 
4:33 $01 $51 |* | 397 3-30 | 
3°54 3°7 16 68 4°10 3°2 39°32 
=71 3°63 3 seo | * 542 | 516 3°74 44-92 
3°7 4°14 3°29 39°53 
$°53 3°26 4°04 4°59 3°56 3°36 40°38 
3°71 ‘78 4°12 3°30 39°5 
272 sus | * | 340 | | 48 329 39°44 
3°49 3°68 4°11 3°76 4°13 3°30 39°56 
328 2-54 2:89 2:95 
37 ‘08 4°09 3°29 39°42 
> 309 | 4 sez | >” | aie 3°16 
3°74 ‘08 4°09 3°2 39°37 
2°72 3°83 2°39 4 3°76 373 3°30 9-58 30°96 
3°74 4°03 3°73 4°07 3°26 39°12 


Year | 
repeated. | 
| 
1856 
1857 | 
| 1858 
1859 | 
| 
1860 | 
| 
186] | 
4 
| 1862 | 
1908 
a 1864 
| 1865 
| 
| 1866 
| 
1867 
| 
1868 | 
9 1869 | 
3 1870 | 
bs 1871 | 
| 
| 1872 
| 
1873 | 
| 
Sled 
iS 1874 | 
1875 
1876 
1877 
1878 
| 1879 
| 1880 
| 1881 
| 1882 
1883 
1884 | 
1885 | 
1886 | 
1887 | 
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Taste X.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Mean Force or THE WIND; LBs. Avorn. ON SQuaRE Foor. 


| January. February. March, April, May. June. July. | 
| Year. 
Ovsa, | Accumg.} | Accumg.] lAccume. | Accumg.} opeq | Accumg. | 
Means. Means. Means, Means. Ones, | Means, Means, Means, | 
1856 | 1°22 2°20 1°65 0°98 0°97 1°90 1°34 
1857 | 1°25 177 1°88 1°18 0°79 0°65 1°55 
1°24 1°98 1°76 1°08 0°88 1°28 1°44 
1858 | 2°36 1°80 1°89 1°45 1°34 1°36 111 ' 
1°61 1°81 1°20 1°03 1°30 2°93 | 
1859 | 2°95 2°67 3°19 2°33 0°84 1°66 1°44 | 
1°94 2°11 2°15 1°48 0°98 1°39 1°36 
1860 | 1°7 2°33 1°95 1°55 1°42 1°28 0°87 a 
1861 | 1°33 2°22 2°64 113 1°18 0°88 1°41 
1°82 2°16 2°20 1°29 1°29 
1862 | 1°68 1°36 136 1°57 1°27 1°67 1°76 
1°80 2°05 2°08 1°46 1°12 1°34 1°35 
1863 | 1°98 1°90 154 1°87 1°05 1°03 
1°82 2°03 2°01 1°12 1°31 1°31 
1864] 1°54 1°31 1°47 1°02 1°13 1°46 115 | 
1°79 1°95 1°95 1°45 1°12 1°32 | 
1865 [| 1°97 1°28 1°62 1°22 1°48 111 0°98 
1°81 1°88 1°92 1°43 1°16 1°30 1°26 
1866 | 2°18 1°89 1°48 1°54 1°05 0°86 0°90 | 
1°84 1°88 1°88 1°44 1°26 1°23 
1867 | 1°43 2°13 1°63 1°84 131 0°98 1°04 | 
1°81 1°86 1°47 1°16 1°24 1°22 
1868 | 1°92 3°21 2°13 1°56 1°49 1°58 0°94 
1°82 2°00 1°88 1°48 1°19 1°26 1°19 
1869 | 1°83 2°05 1°43 1°40 1°44 1°08 1°28 
1°82 2°01 1°85 1°47 1°20 1°25 1°20 
1870 | 1°04 * 1°70 131 1-66 1°47 112 1°05 
1°99 1°81 1° 1°22 1°24 
1871] 1°36 2°12 1°87 1°36 112 1°07 111 
1°74 2°00 1°82 1°48 1°22 1°23 1°18 
1872 | 2°13 1°93 1°30 2°14 1°59 118 115 ‘ 
1873 | 2°06 1°36 1°30 1°47 1°23 132 1°09 
1874 2°24 1°30 2°30 1°66 1°32 151 115 
1°80 1°81 1°52 1°25 1°18 
1875 | 1°75 1°39 1°46 1°02 1°15 1°10 1°09 | 
1° 1°90 180 1°50 1°24 1°24 
1876 | 2°37 1°84 3°01 197 ' 1°46 172 2°07 
1°83 1°89 1°85 1°52 I'25 1°26 1°21 
1877 | 3°01 2°97 2°20 2°73 2°37 2°03 1°85 
1878 | 1°92 17] 2°42 1°59 1°81 1°27 1°27 | 
1°93 I" 1°58 1°32 1°30 1°24 | 
1879 | 1°74 1°68 2°98 177 1°68 1°35 2°00 | 
1°88 1°94 1°58 1°34 1°30 1°28 
1880 | 1°82 . 3°00 96 1°39. 2°06 2°02 1°52 111 
1°87 I 1°60 1°31 1‘27 
1881 | 1°27 194 2°87 1°87 1°90 2°01 2°03 
1°85 1°96 I" 1°61 1°38 1" 1°30 
1882 | 2°92 2°83 3°65 2°47 1°63 171 1°49 
I’ 1°99 2°02 I’ 5 I°3!1 
1883 | 2°91 3°99 2°99 2°16 2°53 7 1°58 1°56 
1°93 2°07 2°0 1°66 1°36 1°31 
1884 | 3°92 3°19 2°32 1°47 2°11 1°59 1°20 
2°00 2°11 2°06 1°66 1°46 1°37 1°31 
1885 | 2°35 2°70 2°89 2°33 2°23 1°64 1°35 
2°01 2°13 2" 1°68 1°48 1°37 1°31 
1886 | 2-99 151 250 | 262 208 | | 2a9 2-23 
2°04 2°11 2°10 1°71 I" 1°40 134 
1887 | 2°76 2°38 1°81 1°96 1°98 1°37 1°73 
2°06 2°11 2°09 1°72 I'52 1°40 1°35 
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Tape X. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Mean Force or THE ips. Avorn. ON SQuaRE Foor. 


August. September October. November, December Mean Month Successive 
of Observed Means of the Year 
Quantities in | Accumulating | repeated. 
Accumg. Accumg. Accumg. Accumg. | Accumg. 

Obsd. Means. Ones. Means. Means. Obed. Means, Means, — 

101 1°69 0°88 0°97 1°87 1°39 1856 

1°04 1°38 1°29 110 2°32 1°35 1857 
1°02 1°54 1°08 2°10 1°37 

0°99 1°68 1°90 1°09 1°80 1°56 1858 

1°58 1°80 1°63 1°31 1°67 1°92 ” 1859 
1°16 1°64 1°42 1°92 1°56 

1°15 1°09 2°34 1°09 137 | 1°52 1860 
1°53 1°61 1°81 Iss 

1°92 1°38 1°28 2°36 1°20 1°58 1861 
1°28 1°50 1°32 1°70 

0°82 0°92 2°07 0°80 2°15 1°45 ” 1862 
1°21 1°42 1°63 1°25 1°77 

114 1°69 1°46 1°37 2°39 1°55 " 1863 
1°20 1°45 1°61 1°26 1°85 1°54 

109 1°50 1°25 1°13 1°31 1-28 1864 
1°46 1°57 1°25 1°79 

0°88 1°25 173 1°06 2°50 “ 1°42 1865 
1°16 1°44 1‘2 1°50 

1°36 1°06 1°78 1°80 1°42 1866 

1°60 1°21 1°64 1°37 1°69 1°70 1868 

1:16 1-90 | 1-62 3 199 1°85 1°58 1869 
1°18 1°45 1°54 1°31 1°82 

0-84 1:13 1°50 1-04 ; 1-28 1-26 1870 
1°16 1°79 1°49 

1°16 1°40 1°30 1°49 

0°93 1°52 1°82 3 1-92 1-90 1°67 1872 

1°24 1°34 131 1°65 1°96 1°44 1873 
1°16 1°41 1° 1°74 1°49 

1°42 1°35 1°72 

1:27 1°24 2°61 1:56 1°81 1°45 1875 
‘ 1°60 I" 1°77 

1°20 1°41 1°62 1°81 1°52 

1°46 1°69 2°69 261 2°23 2°32 1877 

I*22 I 1° 

161 204 | 1°38 bes 2°29 ® | 2-08 1°88 1879 
1°24 1°49 171 1°49 1°82 1°58 

0:83 1°47 1-92 9-82 2°45 i 1°87 1880 
1°22 1° 1°71 1°59 

1°25 1°78 1°6 i" 

I° I I 

2°00 1°89 9-43 2°57 2°42 1883 
1°30 1°81 I*go I 

1°40 191 : 3:03 2°38 2°57 2°26 1884 
1°31 1°86 1°72 1°69 

1:70 2°46 2°47 1:90 2°85 2°24 1885 

1°32 1°88 1° 1°95 1°71 

1:70 1:99 1°77 225 | 2-23 218 1886 

1:25 1:75 7 | 9-04 2-06 | 208 1-95 1887 
1°33 1°58 1°88 1°75 1°96 1°73 
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Winps—NortuHern Quarter, $ N.W., N., anv N.E. 


Taste XI.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


January. March. April. | May. | June, July. | August. October, ber.[Decemb 


Year. 


206 


2 


1887 


1875 


1856 


om om ston ston fom. |] | 
3 | 6 3 | |4 6 7 2 9 8 6 
1857 | | | 4 5| |4 5 4 4 5 2 4 
vss} a} 7 tsi fal alo del 7] 4 
5 2 6 6 5 4 4 4 4 5 6 5 4 
1860 | 7 a 6 8} 13 4 6 4 6 4 4 7 6 | be 
ser} al fal * sl*isi*} el del? 5 ° 
5 4 6 6 5 4 5 4 4 4 5 5 5 | 
1865 | 8 5 8 6 2 5 
| 5 4 6 5 5 4 5 4 4 4 6 5 
4 6 s| | 4] 8 4 6 8 8 6 
; 5 4 6 5 6 5 4 4 4 5 6 5 5 | 
| 8 6 6 6 4 2 8 4 4 2 8 6 5 ) 
4 4 6 5 6 4 5 4 5 4 6 5 5 
1880} 4 2 3} |6| 17| [el] |}6 5 4 12 6 7 6 
4 4 6 5 6 5 5 4 5 5 6 6 5 
1885 | 5 3 8} | fel] 8 4 9 4 6 
4 | 4 6 6 6 5 5 5 5 5 6 6 5 | 
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Taste XALV.—SCOTTISITE COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Winps—Western Quarter, § 8.W., W., 4 N.W. 


January, | February.| March, | April. | May, | June. | July. | August, September} October, Month} Successive 
Ob. Ob. Od. Ob. ‘Ob. Ob. Cc, | Ac, | Ac, | Ac, Ac, i h iiati 
1856 | 8 | 10 6 6 1 13) 14 8 8 ? 11 12 | 9 
$57 7 
1857 | 12 | 11 8 6 5 5 | 17 8 9 10 7 16 | 10 | 
858 J 15 
1859 | 18 4 16 g 4 7 8 13| 14 15 9 13 10 ‘ 10 + 8 9 | 13 12 10 
| 13 7 5 10 10 II 10 9 | 12 10 
g ! | | 
1860 | 8 1] 14 6 10 10 12 13 14 4 4 | 
1861 110. | iI II 10 8 II 10 
16 8 12 6 16 14 10 1] 11 11 
1862 | 10 | = | 12 I2 10 8 11 
6 4 10 10 12) 10 9 15 8 16 
12 16 1] 12 | 16 13 
11 10 II 8 | 8 9 ie 11 12 10 | 9 12 II 
1865 | 10 ‘ 
1866 ] 15 a3 II 12 | 10 9 12 
ise7 | 6 2 tl 12 10 | 10 | 12 
1868 | 10 18 | ” 12 10 | 10 12 10 
9 10 10 | 
10 9 8 10 12 II 11 10 10 a1 10 
1870 
8 II 11 II 10 10 II 
11 12 6 8 4 12 12 5 10 6 13 9 
18721 9 | _|12 II II 10 10 II I 
6 6 8 10 10, 6 12 10 9 6 8 
1973 111 9 9 8 10 Il II II 10 10 10 
1874 | 18 I 11 11 10 10 11 10 
10 14 12 6 12) 12 | 14 12 14 10 8 12 
10 9 8 II II II 10 10 
1875 | 10 6 
“ 8 i 9 14 12, 9 ll 8 6 6 12 9 
1876 | 10 19 9 8 Il II 11 10 10 10 
10 10 8 10 4 
1877 | 10 ‘ 9 _{ II 10 9 I! 10 
12 2 8 7 8 10 13 14 16 
1878 | 14 14 10 II 10 10 II 10 
2 6 8 10 | 
1879} 7 To 10 10 8 8} 10 12 II II 10 9 II 10 
10 10 14 14 9 12 9 
10 8 8 10 12 | I II 10 9 II 10 
180 | 12 11 | 
8 9 10 7; 9 8 | 12 8 12 13 10 
1881 | 5 19 8 II II 10 9 II 10 
0 10 17 | 12 8 7 12 12 10 
1882 | 15 13 17 8 10 II II 10 10 II 10 
‘ 8 | 13) 14 11 7 1] 8 ll 
1883 | 9 20 8 | 11 10 10 II 10 
8 | 9 17 9 13 14 14 ll 
1884 } 17 9 3 19 9 10 12 I! I! 10 10 II 10 
12 9 | 12 15 1] 14 1] 
9 10 II | 31 II 10 10 11 10 
1885 | 8 ll 1] 8 12 13 
1886 11] 9 10 12 | II 10 10 11 10 
8 : 13 13) 15 1] 7 12 12 10 
12 II 10 10 10 
10 10 10 ll 15 11 | 10 13 9 12 
J | | 9 10 12 | a3 II 10 10 11 10 
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Janua 
| ry Febr 
Year, wary.) March. | A 
ov, | April. May 
Mn. Ob, | Ac, y. Je 
1856 | | op, | Ae August, [Sept 
| Mn Ob Ace ember} O 
iss7 175 Ob. ctober. | Novy 
4 89 Mn, Ob. | Ac. v. | Dec, 
1858 | 69 92 | Mn. op, | Jot an Month] S 
1859 138 Mn. “Ac, Means of | 
| 198 | 277 | Mn in each the Accu- 
7° 119. Its 185 207 Year. mulating 
860 | 64 | 81] 217 | | 
6 105 | 167 239 | 268 918 115 
1861 06 132 194 221 229 183 67, 
S7 é 21 
| 6 SO | 126 179 4 = 217 202 212 108 | 74 of 152 
| 1863 | 69 4 80 238 165) | v2 
111 92 | 183 | 175 29 3 154 112 61 
i8 9 1 176 174 35 15; 16 
66 108 | 5 12 63 208 200 130 | 1 | 6]. 
125 I 196 | 1g0 127 attr 147 
1865 17 | 96 74 198. 56 126 | 6 135 
a) 91 2 : 5 1 I 
70 2: 206 Og los I! SO 
10 176 34 9 221 | 183 134 139 4 76 1 
1866 93 128 ato 214 | 29] (217 134. 156 108 65 410 144 
0 O4 2 112 PR 
6 o4 12 161 206 250 | oR | 188 |. 99 82 14 
1868 - | 8 136 3 176 999 22 14] 154 ia 63 3 
| 89 12 | 207 195 | 8 14 
1969 149 67 130 3 171 143 aa 24 | 146 182 111 62 8 141 
67 | 204 217 124 I | 468! 
6 is 128 121 24 102 147 53 14 
1873 | 66 5 108 __ | 169 250 240 149 i9 |™ 3 141 
187 205] 208| 182 3] 140 
874 74 _ 1 go 113 16 168 169 175 | 222 997 185 1 122 Qs "3 4 
5 ‘é 2 ips re 
66 03 138 126 pe 208 203 999 1g 188 153 104 114 59 141 
1875 go 179 207 2 161 151 78 3}. | 46 145 
64 90 201 959 167 3 
92 198 222 18 186 122 + ig 
1877 160| > 203 125 141 
137 5 192 90 6< 51 
6 [25 19 203 168 I 18 - iI 61 
5 104 8 22 87 74 8 
1881 65 155 64 155 4 2 174 .. | 149 id 87 o 6 137 
88 vv 147 202 144 20 18 153 10 113 5d 
| 1882 157 66 123 126 293 21 165 4 149 8 81 62 130 
17 30 18 12) 
| 1883 65 i2 1 126 ret 935; 203 194 3 148 131 or 81 6 144 
61 13 164 186 221 198 4 Jo 74 3 
| P §1 | 7 138 an 6 167 216 166 134 81 
1884 5 140 5 248 4 04 18 ] 6 20 
| 47 __ | 87 164 163 188 20 158 4 te 30 on 3 
64 0 | 95 126 210 206 198 18 103 9 114 
136 86 136 163 pa 213 21 190 : 53 63 it 
| 1886 | 52 641 | 8 118 2 178 __ | 213 (8 | 64. 62 24 
66 6 155 5 ar 157 1 183 119 112 | 80 42 
1887 |50| °° 98 144 146 74 
6 | 12 203 29 3 Q5 80 135 
r 131 3 16 145 ong 28 165 146 66 61 ) 
5 160 2 218 | 133 112 40 
T24 201 : 2 193 18 9 79 60 116 
236 | 7 146 48 
201 | 207 18 132 _ DO 
any 128|°* 110 63 
110 49 
77 133 
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3 TasLtE XVI.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 
Mean Amount or 
January, | February.} March, April, May. June July, August, September October, [November.[/Decem ber. pf af 
a Ae, Ac, Ac. Ac, | Ac, Ac, | Ac, | Ac. | Ac, Ac. Ac, Ac, | in each | mulating 
| 
| | 
1856 | | | 
| 63 6-4 72 67; [63 50| 463 59 | 63 6-4 69 63 63 
| 
1858 5-1 5-6 6:3 | 6-1 58} 156 67 67, 6-0 
3 5 4 3 | | 
1859 64 6°6 6°2 4°0 5°8 | | 6°0 6°6 | 6°5 | 67 
| | | 
| 1860 6°9 6°0 63 6°2 6°9 | 6°5 | 67 6°1 6°6 6°9 6°4 
| 6°4 57). _ | 6°0 | 66) =| | 6°7 6°2 
1861 | 62 6°0 6°0 | 6°6 6-9 6°0 63 | 6°4 
| 66 6"1 6°3 | 5°8 |63] | 62 | 65] 67 6'2 
| 1862 6°9 76 6°6 | 6°9 | | 6°2 | 57 69 67 
| 1363 | 58| 68 5°8 70| [65 66. 6-6 | 
68 6"1 6"1 6"1 6"4 | 6°6 6"4 
: 1964 ]62 |57| Joe) Jeo, “Jeo 6-4 
6°7 6'1 6°5 | | 6°2 | 6"4 | 6*4 | 6°2 | 6°5 6°5 | 6°7 | 
1965 6-4 59, 167 56| [52| {63 6:5 63 | 
| 1866 6°5 | 6°6 65 51 | (2) 6°6 6°83 | 6°0 | i‘l 6°4 | 
1867 6°5 76) 7°6 6°8 7*3 6°6 | | 6°8 
6°6 6°2 6°5 6°2 6°2 | 6°6 | 6°7 6°4 | 
1868 67 6°6 6°4 6°6 69 | 59 6°8 6°8 6°5 
| | 6'2 6° 6" 6'2 6'2 | 6°3 6°5 6'4 | 
: 5 3 | 
(67 6°3 | 6'2 6'2 (64 6°6 6°3 ‘4 
1870 | | 67 63 5°6 | 6°0 6°9 6°35 | 
| 67 64 6°3 6°5 6°3 “4 ‘4 
| 1871 66 i7 6°0 | 6° 57 6'4 6°6 6°3 6°4 
6°7 6°4 6°3 6°2 6'2 6°4 6°3 6*4 "4 
1872 7°0 6°7 7° 7‘1 6°2 6°7 7°2 | 6°9 
_ | 6°5 6°3 6'2 6°3 6°4 | 6°3 64) | 64] 67 
1873 67 6°9 | 67 6D 70) 6'4 67 | 6°6 | 66 
3 7 6*4 6° 6° 6°3 6°3 6°5 6°3 "4 "7 "4 
6°4 6°3 6°3 6°5 6°3 "4 "4 
6°4 6° | 6°2 6° 6° | 6° 6°3 "4 "4 
1876 66 6'1 6°8 : 67 | 5°3 ‘1 6-0 | 5° 69 7°2 6°6 8°0 64 
‘4 6's 6° 6'2 6'2 6°3 6"4 ‘4 "4 
+ 1877 ‘ 5°9 6°3 | 6°7 3 6°5 59 7° | 7° 59 6°6 6°1 | 6°6 6°5 
"4 6°5 6° 6'2 6°2 6°3 ‘4 
1878 | 6-2 gen | 56) 16-2 55 63| [65 6-1 65 | 16-0. 49 
1879 5°9 69 6°7 6-0 5-9 6-0 65 
| 6°7 6*4 | 6°3 6°5 6°3 6*4 6°6 6"4 
"4 | 6°4 6°3 6'2 6"4 6°3 "4 “4 "4 
| 1881 15-7 1 182 5-2 6-5 73 67 73 6-5 
| 7 ‘5 6° 6'2 6's 6'5 6°3 "4 "4 
| ‘5 ‘4 6°3 6°5 ‘5 6°3 | | 6 ‘4 
| 1884 175 6°8 6°8 6°3 6°0 7°0 6°0 | 6°0 6°5 6°3 6°7 6°5 
| 7 ‘5 6°3 62 6's 6°3 6"4 ‘4 ‘4 
6°1 59 6°6 5°8 6-2 6-2 66 6-2 
| 6°3 6'2 6°2 6°5, 6°5 Pan. | 6°6 
6 7 6'5 6°3 | 6'5 6°3 | 6"4 6°5 6'4 
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Taste XVIL—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


LicgHtNING.—Meran NumpBer or Days on wuicn LIGHTNING WAS SEEN ok THUNDER HEARD AT THE 


Reportine Srarions. 
January.[February} March. | April, | May. [ June. July. August.] Sept. | October, [NovemberDecember Month} Successive 
of Observed | Means of oe 
Year. | | | | | Quantities | the Accu- 
Ac, | Ac, Ac. Ac, Ac. Ac, | Ac, Ac, | Ac, Ac, | Ac, Ac.] ineach [| mulating © % 
Mn. stn, b. Mn, Mn, Mn, Mn, Mn, Mn. Mn, Mn. | Mn. Ob. Year, Years, 
| | | | 
1856 | | 
1858 | 
1859 
1860 | 1 1 1; fe 3 2 1 2 2 15 
1861 } 1 0 1 1 | 1 2 3 1 1 2 12 Aa 
1862 | 2 1 1 2) 2 2 2 1 1 4 1 2 1'8 ae 
1°3 ie) I 2 2°3 2°3 1°3 
1863 2 1 1 1 | 2 ] 2 1 1 1 2 13 
1864 | 2 2 1 3 | 2 2 1 1 2 1 1 2 17 a 
1°6 1°6 1°6 2°2 1°8 1°2 I*4 1°6 
1865 | 2 1 1 1 2 1 12 1 1 2 12 15 ts 
ie) ie) I 2°0 1°8 1°7 1°5 1'7 
1866 2 2 1 1 | 1 | 2 2 2 2 1 2 16 
ise7f1} 1) *fel’ fel’ 1 2 17 
1°6 16 2°0 I 1°6 1°8 1°5 
1868 | 2 2 1 2| “Is 2 2 1 18 
1°7 1°3 1°8 1°6 I 1°7 1°3 1°7 1°6 
1869 | 1 ] 1 1 | 1 2 2 2 2 : 1 2 1 14 ase 
1870 | 2 0 1 1 | 2 2 2 2 1 2 2 1 15 Pe 
1°6 1‘2 ie) Ex I 1°6 1‘4 1°6 1°5 
1871 | 2 1 2 1 | 1 . 3 4 1 1 2 1 4 17 a 
I'l I" 2°1 1°6 1°3 1"4 | 1°6 
1872 | 2 1 1 1 | 3 2 3 3 3 2 2 20 
1°7 I'l 18 2°1 2°2 1°7 I's 1'5 
1873 | 2 1 4 2 4 3 3 2 | 2:2 
I'l 1°3 1'7 2°1 2°3 1°8 1's 1'7 1°6 1°6 
1874 | 2 1 2 2 . 2 3 3 3 2 2 1 1 2°0 ase 
1°3 1°3 1°7 2°1 2°3 1°5 1°7 1°5 I's 1°7 
1875 | 2 0 2 1 2 2 2 2 1 1 1 2 15 oe 
I'l 1°8 2°1 2°3 I 1°5 1° 1°6 c's 
1876 1 2 2 1 1] 741 13 
1°7 he 1°8 2°1 2°2 1°8 1°6 1°6 
1877 | 2 2 1 2 ’ 1 3 2 2 1 2 2 1 1°8 
1°7 I" I" 2°2 2°2 1°8 1°6 
1879 1 1 1 1 4 1 3 1 1 1 1 
1°6 1°2 1°3 1°8 2°2 2°2 2°0 I*4 1'7 1°6 
1880 } 1 1 1 1 1 4 4 1 0 1 2 1 15 
1°6 1°3 2" 2°2 2°0 1°6 1°5 1°6 
1881 | 0 0 1 1 . 2 : 2 4 2 1 1 . 1 3 1 13 
1°5 1°3 17 2" 2°2 1°9 * 1°6 1°5 1°6 
1882 1 1 1 1 : 2 3 5 2 1 1 2 2 1°8 
1883 | 2 1 1 1 ’ 1 2 , 4 1 2 : 2 2 ] 17 , 
I'l I 3° 2°4 1°8 1°6 1°6 1 
1884 | 2 1 1 2 2 3 6 3 2 1 1 2 
1°6 1°3 1°3 1'7 2°3 2°7 1°6 1°6 1°6 
1885 1 1 1 1 3 2 1 2 1 1 1 
I's 1°3 1° 1°8 2° 2°5 1°8 1°4 1°4 
1886 | 2 1 0 0 , 1 2 : 2 1 1 2 1 2 12 ‘ 
1°6 1°7 2°3 2°5 1°8 I*4 1°6 1° 
1887 | 1 1 1 1 1 1 2 2 2 1 1 2 13 
1's I'2 1'7 2°2 2°5 1°8 I's 1°5 
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Taste XVIIL—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


LiIGHTNING.—NUMBER OF STATIONS AT WHICH LIGHTNING WAS SEEN OR THUNDER HEARD. 


= Acc, 
Jan, Feb, | March.{ April.j May. | June. July. | Aug. | Sept. | Oct. | Nov. | Dec, of Observed | Means off Days | Mns. 
Year, Ta, | | | | ) | Quantities [the Accu- x Da, 
Ac, ‘Ac, Ac, Ac, Ac, Ac, ‘Ac, Ac, Ac, Ac, Ac, ineach j[mulating x 
OP» ain sin JO” ain JP vin JP lain Year. Years, Sta. 
1856 
1857 
1858 
3 1859 
1860} 13 10 9 4 26 37 20 16 7 12 2 6 14 21°0 
1861] 3 0 32 10 16 28 40 17 8 20; 420 11 17 20°4 
8 20 7 21 32 30 16 8 16 II 8 15 20°7 
1862] 18 1 1 10 34 20 31 21 16 23 12 18 17 30°6 
II 4 14 8 25 28 30 18 10 18 II 12 16 24°0 
: 1863} 20 34 6 16 13 25 15 28 24 31 7 20 20 26°0 
me 14 II 12 10 22 28 26 20 14 22 10 14 17 24°5 
ga 1864] 6 8 4 2 36 33 19 16 9 1 21 8 14 23°8 
. 12 II 10 8 25 29 25 20 13 17 12 13 16 24°4 
1865} 14 3 5 9 33 ll 35 24 3 6 4 14 13 19°5 
; 12 9 10 8 26 26 27 20 11 16 11 13 16 23°6 
1866 | 23 29 1 P 11 9 27 - 41 24 25 5 4 12 18 ‘ 28°8 
14 12 9 24 29 21 I 14 10 13 I 24°3 
1867 | 17 21 5 . 5 28 28 os 37 36 26 . 6 3 7 18 ‘ 30°6 
1868 | 26 19 5 27 42 29 9 36 31 17 . 13 6 22 39°6 
a 16 14 8 10 26 26 27 24 17 13 10 II 17 26°7 
@ 1869} 18 7 7 26 3 8 28 12 19 18 10 5 13 18°2 
& 16 13 8 12 24 25 28 23 17 14 10 II 17 25°8 
; 1870} 4 0 1 6 6 17 33 . 34 12 6 14 2 11 P 16°5 ; 
S. 15 12 7 II 22 24 2 24 16 I 10 10 I 250 
i i 14 12 8 12 21 25 29 24 15 13 9 10} . 16 25'0 
si 1872] 15 22 4 32 24 36 . 36 31 40 21 10 5 23 “ 46°0 sie 
14 13 7 13 21 2 30 24 I I 9 9 
1873} 16 9 ll 25 39 32 28 é 29| 13 17 
3 ~ as 7 13 20 26 30 25 18 1 9 10 7 “4 
1874} 12 2; 912) 740) 733; 8 8 18 
x 14 II 7 14 20 27 30 25 19 14 9 9 17 28°0 
1875} 11 0 2 8} $25) far] fos) [17 3) 14 
11 7] |30f |x I 10 
7 10 7 13 19 27 30 25 I I 10 
1877 | 15 5 5| 27 7| fas| 6 16 28°8 
: 10 7 14 18 27 30 25 18 I 8 10 , 
10 13] |x 8} | to 
1879} 2 2 1} 916} 26) 435 4 13 18:2 
13 9 6 13 19} |28] |29] | 26 17 14 8 9 16 26°4 
1880] 7 2 6) 4) [31 28 0 7| 110 7 12 18°0 
9 13 18 29 25 16 I 9 
1881] 0 2) 23) 4 6| 8 12 15°6 
I 9 13 19 28 29 25 16 I 9 9 
13 20 2 29 25 16 I 10 9 ° 
1883] 4 allel 2 6| Jos} 8 15 as 
I2 19 28 29 24 16 I 10 9 
- 1884 | 20 10 5 29 25 15 34) 39 28 7 . 16 18 20 42°0 
I 20 2 I I 10 9 
= 12 I 26 2 I I 10 9 
12 8 6 13 19 26] |29 25 | 17 | 13 10 y tS 253 
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PROFESSOR C. PIAZZI SMYTH ON 


Taste XIX.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Avrora.—MeEan Number or Days on woich AURORA WAS OBSERVED AT THE ReportTina STATIONS. 


Year. Quantities | the Accu- 
Acc, Acc, Acc, Acc, Acc, Acc,} Acc, Acc, Acc, Acc, Ace, Acc.j in each mulating 
pe. Mn. Ob. Mn, Ob. Mn. pb. Mn. Ob. Mn, pb. Mn, Oe. Mn, we Mn, pe Mn. Mn. Mn, Mn. Year, Years. 
1856 
1857 
1858 
1859 
1860 | 2 3 3 2 0 1 0 3 2 2 2 1 18 
1861 | 2 2 2 2 6 0 1 ] 5 3 2 3 2°4 
2°0 2°5 2°5 o's 2°0 3°5 2°5 2°0 
1862 | 2 2 2 2 1 0 0 3 2 3 4 2 19 
2°0 2°3 2°3 2°0 2°3 2°3 30 2°7 2°7 
1863 | 2 2 2 3 1 0 0 ’ 2 2 2 3 3 18 
2°0 2°2 2°2 2‘2 2°0 2°2 2°8 2°8 2°2 2°0 
1864 | 2 2 3 2 1 1 1 2 3 2 2 2 19 
2°0 2°2 2°4 2°2 2°2 2°8 2°4 2°6 2°2 2°0 
1865 | 4 2 2 2 2 . 0 1 2 4 3 3 3 2°3 
2°3 2°2 2°3 2°2 2°2 30 2°5 2°7 2°3 
1866 | 7 4 2 3 1 0 : | : 1 3 2 3 2 2°4 
3°0 2°4 2°3 2°3 1°7 2°0 3°0 2°4 2°7 2°3 2°1 
1867 | 2 2 3 3 2 0 0 2 3 3 3 2 21 
2°9 2°4 2°4 2°4 0's 2°0 2°5 2°8 2°2 
1868 | 2 3 2 2 2 0 0 2 3 3 2 2 19 
2°8 2°4 2°3 2°3 18 2°0 30 2°6 2°7 2°2 
1869 | 2 3 3 2 1 0 0 2 3 2 3 3 20 
2°7 2°5 2°4 2°3 o'2 3°0 2°5 2°7 2°3 2°0 
1870 | 3 2 4 4 1 0 1 3 3 4 3 3 2°6 
2°7 2°5 2°5 2°5 1°6 0's 2°1 3'0 2°6 2°7 2°4 2° 
1871 | 4 3 2 2 1 0 0 2 2 2 2 3 19 
2°8 2°5 2°4 1°6 2°9 2°6 2°7 2°4 
1872 | 2 1 4 2 1 0 1 2 2 3 4 3 21 
2°8 2°4 2°6 2°4 I's o's 2°I 2°8 2°6 2°8 2°5 
1873 | 3 3 1 2 0 0 0 1 3 3 2 1 16 
2°8 2°4 2°5 2°4 I's 2°0 2°9 2°6 2°7 2°4 
1874 | 2 2 2 2 1 0 0 2 2 2 2 2 16 
2°7 2°4 2°3 o'r 2°8 2°6 2°7 2°3 
1875 | 1 2 2 1 1 0 0 1 2 2 2 1 12 
26 2°4 2°2 2°0 2°8 2°6 2°6 2°2 
1876 | 2 1 1 0 0 0 0 4 3 1 0 1 10 
2°6 2°3 2°4 2°1 1°3 o'r 2°1 2°8 2°5 2°2 
1877 | 1 2 0 0 1 0 0 0 1 1 | 0 0°6 
2°5 2°3 2°0 1°3 o'r 0°3 2°0 2°7 2°4 2°4 1°8 
1878 | 3 1 1 2 0 0 0 | 0 0 0 1 0°8 
2°5 2°2 o'r 0°3 2°5 2°3 2°3 2‘0 1°8 
1879 | 0 1 3 1 0 0 0 0 0 0 1 2 07 
2°4 2°2 2°2 2°0 1°2 18 2°4 2°2 1°7 
1880 | 0 0 1 | 1 0 0 2 0 2 2 2 09 
2°3 2°0 I'l 2°3 2°I 2°2 1'7 
1881 | 1 2 1 1 0 0 1 1 2 1 3 2 13 
2°2 2°0 2°1 1'9 o'r 2°3 2°1 2°2 2°0 1'7 
1882 | 2 1 2 2 0 0 0 0 3 2 3 3 15 
2°0 I'9 o'r 1°7 2°3 2°3 1'7 
1883 | 2 2 2 1 0 0 0 0 | 2 2 1 11 
2°2 18 o'r 0°3 1°6 2°1 2°3 1°6 
1884 | 0 1 1 2 1 1 0 0 1 2 1 2 1°0 
1885 | 0 1 1 1 1 0 1 0 1 0 1 2 0°8 
2'0 1°8 o'r 2°2 2°2 2°0 1°6 
1886 1 1 1 2 1 l 2 12 
2°0 1°8 o'r 0°3 1's 2°1 2°0 2°1 2°0 1°6 
1887 | 2 2 2 1 0 0 0 1 1 1 1 2 11 
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Taste XX.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 
Avrora.—NUMBER OF STATIONS AT WHICH AURORA WAS OBSERVED. 
Mean Month] Successive Acc, 
Jan, | Feb. | March.} April. | May. | June, | July. | Aug. | Sept. Oct. | Nov. | Dec. Mean Month} Successiv | 
Year, | Quantities | the Accu- x Ni, 
Ac, Ac. Ac, Ac, Ac, Ac, Ac, Ac, Ac, Ac, Ac, Ac in each mulating ions.j| xX 
OD. Min. Ob. Mn. Ob. Mn. Ob. Mn. Ob. Mn. Ob. Mn. Ob. Ma. Ob. Mn. Ob. Mn. Ob. Mn. Ob. Mn. Ob. Mn Year. Years. Sta. 
1856 
1857 
1858 
1859 
1860 | 7 28 19 16 0 3 0 6 12 6 10 20 ll 19°8 
1861 118 26 10 ll 1 0 1 2 7 17 12 18 10 24°0 
12 27 14 14 ° 2 fe) 4 10 12 II 19 10 21°9 
1862 | 6 13 7 9 4 0 0 5 13 18 ll 19 17'1 
10 22 12 12 2 I re) 4 II 14 II 19 10 20°3 
1863 | 16 13 10 ll 3 0 0 3 12 ll 22 8 16°2 
12 20 12 12 2 I ° 4 Ir 13 14 16 10 19.3 
1864 | 7 13 12 10 4 1 1 12 12 ll ll 8 8 15°2 
II 18 12 II 2 I re) 6 II 13] | 13 15 9 18°5 
1865 | 25 26 25 8 1 0 1 12 27 9 5 12 27°6 
13 20 14 II 2 I ° 6 II 15 12 13 10 20°0 
1866 | 5 26 5 10 2 0 2 2 ll 12 16 15 9 21°6 
12 21 13 II 2 I I 5 It 15 13 13 10 20°2 
1867 | 4 10 13 4 2 0 0 4 ll 19 10 5 7 | 147 
II 19 13 10 2 ° I 5 II 15 13 12 9 19°5 
1868 13 8 13 15 4 0 0 10 7 24 9 6 9 171 
II 18 13 10 2 ° I 6 II 16 12 12 19°3 
1869 | 8 12 19 19 15 0 0 5 ll 2 13 12 12 24°0 
II 18 13 II 4 re) ° 6 11 17 12 12 10 19°7 
1870 | 14 15 22 7 2 0 1 8 29 14 14 14 36°4 
II 17 14 II 3 ° I 6 12 19 12 12 10 21°2 
1871 } 4 9 7 18 2 0 0 14 13 13 33 8 10 19°0 
II 17 14 12 3 ° re) 7 12 18 14 12 10 21‘! 
1872 | 7 39 8 23 1 0 1 17 18 16 9 10 12 25°2 
Ce) 18 13 12 3 fe) I 7 13} .| 18 14 II 10 21°4 
1873 } 11 9 7 27 0 0 0 4 9 8 12 4 128 
10 18 13 13 2 ° ° 7 13 18 14 II 10 20°8 
1874 }11 18 7 4 2 0 0 2 9 14 2 5 6 96 
10 18 12 13 3 ° ° 7 12 17 Is 10 10 20°0 
1875 | 6 4 4 8 1 0 0 4 8 13 2 1 4 4°8 
10 17 12 12 3 ° ° 7 12 17 12 10 9 19°I 
1876 | 5 7 3 0 0 0 0 1 | 1 0 3 2 2°0 
10 16 II 12 3 ° ° 6) |11 16 12 9 9 18°1 
1877 | 3 1 0 0 3 0 0 0 ‘ 3 1 3 0 1 0°6 
9 15 II II II I II 9 9 17°! 
1878 | 1 1 2 1 0 0 0 1 0 0 0 1 1 
15 10 II 2 ° re) 6 10 14 10 9 | 16°2 
1879 | 0 1 3 1 0 0 0 0 0 0 4 4 1 07 
9 14 10 10 2 re) ° 5 10 14 10 8 8 15'°5 
1880 | 0 , 0 11 1 1 0 0 12 ‘ 0 13 2 2 18 r 
13 Ce) Lo 2 ° ° 9 I 10 7 14° 
1881 22 5 3 0 0 1 1 3 | 5 3 4 52 
9 13 10 2 ° ° 9 I 10 7 --]14°4 
1882 | 4 6 2 2 : 0 0 0 0 2 ll : 19 3 , 4 60 
9 13 9 2 re) ° 5 I 10 7 14°0 
1883 | 6 . 16 12 7 . 0 0 0 0 3 . 4 . 6 3 5 55 
13 9 2 5 9 I 7 7 13°7 
1884 | 0 4 3 6 . 3 1 0 0 5 2 , 1 4 2 2°0 
8 12 9 9 2 ° ° 5 8 12 10 7 7 13°2 
1885 | 0 1 1} 1 4 0 3 6 3 2-4 
12 9 2 re) re) 5 12 10 7 7 12° 
1886 | 16 ‘ 17 3 1 4 7 8 6 72 
12 10 8 2 re) re) 5 8 II 10 7 7 12" 
1887 | 8 6 5 1 0} |0 0 3 3 5 4 6 3 33 
8 II 9 8 2 ° ° 5 8 II 9 7 7 12.2 
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PROFESSOR C. PIAZZI SMYTH ON 


Taste XXI.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Megan MAXIMA OF TEMPERATURE. 
January, February, March, April, May. | June, July. 
Year, 
1856 | 37-9 44-0 46-0 50°9 60°5 648 
1857 | 39°8 44°3 44-0 48°7 57-0 66-0 65-0 a 
43°7 49°9 57°4 64°6 
1860 | 39°5 44-2 489 57-7 59-6 64-5 
413 43°2 45°4 50°8 57°3 64°1 
1865 39-2 38°5 42:7 54°5 57-9 65°7 66:3 
1866 | 43°8 40°6 43°7 50°6 56°9 64-0 63°9 
1870 | 40-0 39°8 45°7 54°7 57°6 63-0 
41°5 43°3 45°6 51°7 56°6 62°7 
1875 | 44°5 45°8 59°3 62:0 65°5 
1879} 962 | | see | | ago | 45% a2 |? | | | coo | | cos 
416 432 45°4 51°4 56°5 62°6 
1880 41°6 46°7 48°5 51-7 57:2 63°5 63-9 
sss} as | | | | | | | | | | | 
“> | ar | | | | woe | | | | | @ 
43°4 45'5 51°3 56°7 62°5 
1885 40-2 44-0 45°3 51-2 52:3 61°9 
1896] 300 | | | | soo | 45 1? bes 
41'5 43°4 45°4 51°3 56°5 62°6 
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Taste XXI. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Megan MAxima or TEMPERATURE. 


| August, September October. November, December. Mean Month | Successive 
a of Observed | Means of the Year 
64°4 57°5 42°5 51°8 1856 
65°9 ise 61°8 44:2 441 53-0 1858 
65:2 59°1 51:8 44°6 38°4 53-2 1859 
65°6 60°2 45°4 43°5 53°0 
60°8 57°1 51-4 43°] 38°1 50°4 1860 
62:9 59-2 55°3 wis 43°9 52°7 1861 
62°3 60°4 53°5 42°6 “62 | *° 1862 
62°7 56-2 52:1 48-0 45°7 52°9 1863 
62°4 59°3 51°4 46°2 43°2 1864 
63'7 59°2 52°9 43°3 52°4 
64:2 59°2 52°4 46°8 43°4 51°5 1867 
64:3 59°7 52-9 45°6 39°9 52°7 1869 
63°7 59°7 52°8 45°3 43°6 52°5 
63°9 59°8 52°8 45°3 43°3 wi 52°5 
66'8 58:8 53°2 43°5 43-0 52°6 1871 
63:2 59°4 53°1 45°9 36-6 53°1 1874 
59'S 52°6 45°3 52°6 
64°0 61°6 52°1 44:3 43°5 1875 
658 64°0 59°5 52°7 ne 52°6 sre 
ane 59°5 52°8 ae 73.5 52°6 
| 64°0 59°5 52°8 45°3 42°8 52°5 
63:0 49°5 44-9 41°8 1880 
os | 58°8 50°7 50°6 51°3 1881 
64° 59°6 52°6 45°5 42°6 
61:2 58-0 48-2 45:4 43°4 51-4 1885 
59°5 54-9 481 SS 58,3 51°3 1886 
59°6 52°5 45°6 42°5 S?'S 
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218 PROFESSOR C. PIAZZI SMYTH ON 


Taste XXII.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


MEAN MINIMA OF TEMPERATURE. 


January. February. March, April. May. June, July. 
Year, 
Obed. | | Ob84. | | Obsa. | | ovsa. | | | | 
1856 | 30-7 35-2 32:8 87-7 39-6 46-1 48-0 
1857 | 34°3 34-4 36-7 42°6 48°8 51-0 
32°9 33°9 34°6 36°4 41°6 48°6 49°8 
1860 | 31°5 28-6 32:6 34:1 42:7 46-4 501 
32°9 33°2 34°3 37°0 42°0 47°9 49°3 
1865 | 30-0 29°3 31-9 43-9 48-5 50°5 
32°7 33°6 33°7 37°6 41°7 47°7 49°7 
1870 | 31:8 33:3 39°1 43-4 48-2 51°8 
32°8 33°6 34°2 37°7 41°5 47:5 
1875 | 34-9 31-5 34:2 37-9 44-1 46-0 
32°7 33°4 33°9 37°5 47°4 
1880 | 36°7 37-7 40°8 46°3 49°5 
32°6 33°6 33°8 37°3 41°3 47°1 50°0 
1885 | 31-6 32-9 32:1 36°6 38:1 45°3 48°7 
32°5 33°S 33°7 47°0 
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Taste XXII. continued—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Mean Minima oF TEMPERATURE. 


) August, September. October. November, December Mean Month | Successive 
SY of Observed | Means of the Year 
49°8 44°3 43°4 34°7 33°3 39°6 1856 
: 53°0 49°7 43°9 39°1 40°7 42°2 1857 
9 | | 4 34°6 35°7 40-2 1858 
50°8 46°7 41°4 35°6 40°6 
; 48-0 43°3 40°6 35°1 30°1 38°6 1860 
49°8 46°0 35°! 34°6 40°3 
49°5 50-0 39°9 36-0 38:7 406 1865 
ac | se so | * | s62 35°8 40°3 1866 
49°7 46°5 35°3 34°7 40°4 
49°1 45°8 39°9 33°7 28°7 39°6 1870 
io | | 45-6 agi: 33°7 ait 40°1 1871 
49:5 45°9 2 | | ses 34°1 41-2 1872 
49°7 46°3 35°3 33°9 40°3 
: 513 47-2 41°9 34:1 34:3 40°5 i 1875 
49°4 45°6 35°9 36°3 40°4 1876 
ay | 47°7 5 | 330 25°3 40°4 1878 
49°8 46°r 35°3 33°5 
51°3 47°4 35:3 32:1 39°5 1880 
| wo | | 28°6 = 40°1 1882 
503 |” 46°7 o7 | | see 32-0 40°2 1884 
: 49°7 46°1 40°7 35°2 33°2 40°! 
43°6 36°6 35:2 38°3 1885 
48°9 44-9 44°1 37°5 27:7 38°5 1886 
49° 46° 40°6 35°3 33°0 39°9 
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PROFESSOR C. PIAZZI SMYTH ON 


Taste XXIII.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


ACCUMULATED RAINFALL, 


January. February, March, April, May. June, 
Year. 
1856 2°38 5°68 594 8°38 11°00 1471 
1857 2°77 4°31 7°25 9°63 11°29 14°08 
1859 4°21 7°59 11°77 14°97 che. 15°26 17°30 
3°08 5°42 7°76 10°22 12°07 14°80 
1860 4°56 7°25 10°77 11°95 1413 18°47 
1861 3°09 6°41 11°51 12°55 14°12 16°47 
1862 5°32 7°20 10°83 13°82 1771 21°70 
1863 6°20 8°60 10°68 13°95 16°29 19°53 
1864 2°84 6°59 10°55 12°12 14°10 16°67 
3°82 6°42 9°48 11°70 13°85 16°89 
1865 3°73 6°64 8°69 9°63 12°99 13°74 
1866 5°31 9°82 12°97 14°65 16°01 17°86 
1867 4°74 7°83 10°09 14°52 17°35 19°46 
1868 5°53 10°28 14°50 17°81 20°32 21°46 
1869 4°13 800 7°10 1023 10°12 12°45 1946 14°72 15-74 17°27 
4°18 7°23 10°13 12°44 14°64 17°16 
1870 3°08 697 821 9°79 12°40 14°31 
1872 6°48 10°76 14°02 16°16 19°48 24°64 
1873 5°37 6°82 9°14 9°84 12°53 14°27 
1874 4°02 5°73 8°55 10°82 12°64 14°06 
4°22 7°30 10°07 12°34 14°57 17°08 
1875 5°63 7°35 9°03 10°44 12°47 15°61 
1876 2°84 7°17 12°27 15°38 16°29 19°41 
1877 6°96 11°08 13°66 16°62 19°37 23°09 
1878 401 ‘= 5°93 8°02 9°73 13°12 15°90 
1879 1°84 4°36 7°56 9°45 11°75 15°92 
4°23 7°27 10°08 12°34 14°57 17°27 
1880 2°02 600 8°32 11°69 12°89 14°98 ‘ 
1881 1°30 5°09 8°58 9°74 12°22 15°45 
1882 3°41 6°61 10°78 13°87 16°03 19°71 
1883 4°48 8°62 10°98 12°86 14°70 17°04 
1884 5°80 9°64 12°88 14°19 17°20 18°07 
4°09 7°26 10°12 12°36 14°58 17°23 
1885 2°93 7°28 9°81 12°37 15°59 17°04 
1886 4°42 6°23 9-37 11°35 14°92 16°50 
1887 3°25 = 571 7 ‘59 9°64 11°03 11°99 
4°03 7°17 12°24 14°5! 
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Tapte XXIII.” continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


AccumULATED RAINFALL. 


July. August, September. October. November. December, — 
repeated. 
17:26 20°72 25°36 26°79 28°91 33-00 1856 
16°25 18°12 21-94 24°30 27°19 30°56 1857 
17°40 20°01 22°81 27°53 29°91 33°91 1858 
20-06 22°33 25°54 30°14 33°51 87°17 1859 
17°74 20°30 23°91 27°19 29°88 33°66 
20°29 24-08 26-00 31°14 33:97 7°88 1860 
% 18°61 22°02 25°63 29°23 32°60 36°26 
25°57 28-92 31°36 37°68 40-09 45°29 1862 
20°25 24°75 29-47 3358 | > | 3740 1863 
19°61 22°94 26°66 30°82 34°18 38°17 
16°83 20°72 21°86 26-97 30°26 33°91 1865 
| | | | 2088 34°12 35°37 hes 1867 
1736 | | 19-68 | | 3654 hs 1869 
19°84 23°20 26°87 30°90 34°16 38°36 
16°19 17°74 21-06 25°69 28°27 31°81 1870 
18°84 20°19 23°45 27°17 31°25 34°64 2048 38°83 sare 
19°96 23°39 27°17 31°42 34°87 38°93 
18°51 21°48 25°82 30°54 35°41 29°08 1875 
aoe | 25°50 33°73 3547 | 36-48 1879 
23°82 27°58 31°83 35°39 39°S! 
18°67 19°53 23°21 25°74 30°77 34°73 1880 
19°61 23°94 va 26°95 30°46 35°67 39°54 1881 
24-38 2709 30°72 34-34 39°76 3 44-92 1882 
20°38 23°87 27°55 31°66 35°42 39°5® 
21°39 26°71 29-99 82°53 35°42 1885 
1989 hes 23°78 27°51 31°59 35°31 37°98 1886 
14-96 32 17°68 23°74 91-51 27°48 sade 31°56 07-66 35°29 30-96 39°37 1887 
23°55 27°29 31°32 35°05 | | 
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222 PROFESSOR C, PIAZZI SMYTH ON 


Taste XXIV.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Userut Puant-Growta TemMPeraTuRE IN EACH MONTH BEING THE Excess OF MEAN TEMPERATURE ABOVE 
F. x Numper or Days 1n EACH MonTH (TO EVEN DEGREES ONLY). 


January. February. March, April. May. June, July. 

Year. 

Succes. Succes, Succes, Succes, Succes, Succes, Succes, 
Means. Means. Means, Means. Means, Means, Ones. 

1856 | —239 - 70 - 81 + 69 +146 +339 + 446 

1857 | -—195 - 76 - 87 + 21 +-242 +462 + 496 
217 - 7 84 + 4 +194 + 400 

1858 | — 84 -174 ae 78 + 54 : + 232 +507 4 + 434 
82 + 48 +207 +43 

1859 | -- 74 % — 42 i: + 31 - 3 +307 +438 +527 
148 - go +232 +436 

1860 | —202 — 232 —112 - 15 +254 6 +330 +474 
— 65 + 2 +2 +415 

1861 | -177 - 70 — 28 +102 +220 + 456 +459 
— 162 + +2 +422 

1862 | - 112 53 - 130 +°78 +282 +312 +366 
-1 — 102 - + 44 +240 + 

1863 | —108 ” — 22 + 28 + 72 +205 6 +360 + 437 
-1 - — 57 + 47 +2 +400 

1864 | —180 — 246 —140 +123 +248 +342 + 456 
—152 — 109 — 66 + 56 +237 + 394 

1865 | —229 — 227 ~146 +135 +276 +453 +508 
— 160 121 + +241 +400 

1866 81 ~148 —124 . + 60 “ +183 +423 +462 
-1I — 124 - 79 + 6 +236 +402 

1867 | -—316 . - 17 — 180 + 99 . +170 +369 +397 
~ 166 —11 -— 87 + 66 +230 + 399 

1868 | —140 - 12 + 25 +120 +291 +408 +570 
-1 — 107 —- 79 + +235 +400 

1869 | — 50 . - 8 — 130 +147 - +96 * +333 +536 
~156 - 99 — 82 + 76 +225 +395 

1870 | —189 ~ 190 - 78 +147 +264 +408 +546 
~158 — 105 - 82 + 81 +228 + 396 

1871 | —254 -- 28 + 19 + 15 +257 +342 + 487 
-I 101 - + +2 + 393 

1872 | — 93 " - 6 + +167 +393 +536 
~ 160 - - 72 + 78 +226 +393 

1873 | -— 87 — 185 - - 71 + 84 +152 +417 +512 
156 101 + 78 +222 +394 

1874} - 46 — 90 + 40 +141 +158 +384 +539 
- 150 — 100 — 66 + 81 +218 +394 

1875 | - 71 — 160 - 62 +135 +301 +360 +468 
~- 146 — 103 — 66 + 84 +222 +392 

1876 | — 87 —148 — 136 + 51 +214 +390 +508 
~— 144 — 106 - 69 + 82 +222 + 392 

1877 | —136 - 70 -112 - 18 +121 +393 +443 
71 + +218 + 

1878 | —124 14 - 53 +105 +257 +405 +542 
— 100 + +219 + 392 

1879 | —341 -" — 224 - 140 - 30 = +130 +336 +397 
—I5S1 — 105 - 93 + 74 +216 +390 

1880 | -—161 - 9 - 25 + 81 +217 +387 + 456 
—I51 101 - + +216 + 390 

1881 | —428 —213 ~—152 + 6 + 260 +327 + 456 
— 162 — 106 — 94 + 72 +217 + 387 

1882 | — 22 + 8 + 31 + 33 +239 +345 +474 
157 — 101 70 + 7I +218 + 386 

1883 | —115 — 48 — 186 + 78 +180 +345 84 +431 
100 74 + 71 +217 +3 

1884 | — 53 - 81 - $l + 39 +205 +366 +474 
—152 - 99 —- 73 + 70 +216 + 384 

1885 | -189 — 98 — 102 + 57 + 99 +348 : +480 
-153 - + +21 + 383 

1886 | —245 210 146 + 33 +155 +327 +446 
— 156 — 102 —- 76 + 68 +211 +381 

1887 | —140 64 - 105 + 9 +214 +468 +536 
- 155 ~ 101 - 97 + 66 +211 + 384 
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Taste XXIV. continued.—SCOTTISH COUNTRY AND TOWN STATION S, METEOROLOGY OF. 


Userut PLant-GrowtH TEMPERATURE IN EACH MONTH BEING THE Excess oF MEAN TEMPERATURE ABOVE 


F.x into Number or Days MoNTH (TO EVEN DEGREES ONLY). 


August. September, October November. December. Mean Month | Mean Month's 
Obed. | | | | OP | | Obed | | Obed, | | each Year, Acownuleting 
+468 +267 +211 _— ~127 +113 1856 
+558 + 423 + 236 + 51 + 90 +185 1857 
+502 +344 +164 — 44 -— 88 +147 
+384 +246 +124 - 87 ~ 245 + 77 1860 
+478 + 328 +158 + 168 — 61 — 120 +197 +136 
+405 | 74? | | 738 | 777 33 | | 57 | +149 1863 
+457 +319 +160 ~ 2 - 94 +133 
+437 +480 +124 - 18 + 28 +152 1865 
+456 +333 +154 - 50 - 87 +136 
+496 +348 +133 - 87 ~264 +128 1870 
+431 “+324 +140 - 27 +138 1874 
+459 +327 +146 - 5! — 108 +136 
+499 +372 +155 - 84 - 96 +151 1875 
+490 +461 + 329 +146 69 107 £143 + 137 1876 
4.434 +462 + 326 +10 +154 52 +137 1879 
+461 +324 +152 — 51 — 120 +133 
+539 +396 + 12 105 167 +135 1880 
+356 | +312 + 87 +9] + 82 1881 
+474 4.294 4-186 — 260 +143 1882 
+462 +327 +146 - 50 — 126 +132 
+360 +264 + 12 el}... + 88 1885 
+440 +906 | > * | 4932 | | + 90 1886 
+457 +323 +142 - 48 — 133 +129 
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Taste XXV.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


PROGRESSIVE ACCUMULATIONS OF EACH KIND OF UseruL PLANT-GrowtTH TEMPERATURE, BOTH ABOVE AND 


BELOW 42°, FROM THE BEGINNING TO THE END OF THE YEAR CONTINUOUSLY. 


January. February, March, April. May. June, ee 
Year,| Below 42°, | Above 42°, | Below 42°. | Above 42°. | Below 42°, | Above 42°.] Below 42°, | Above 42°. | Below 42°. | Above 42°, | Below 42°, | Above 42° 
Su. Su. Su. Su. Su. Su. Su, Su. Su. Su, Su. S 
Od. | | O% | ain, | | | | | OP | | | O% OP | | | stn. | OP ofa. 
1856 | - - — 309 ~ — 390 - -—3 + 69 — 390 +215 — 390 +554 
1857 |- 195 - -271 - — 358 - — 358 + 21 — 358 + 263 — 358 +725 
—217 4 — 290 ¥ — 374 - — 374 +45 — 374 +2 — 374 +640 
1858]— 84 - — 258 - — 336 — 336 + 54 ~ 336 — 336 +793 
= — 391 +4 —gor 25 — 301 +691 
74 - —116 - -116 +31 -119 + 31 +338 -119 +776 
148 — 238 — 300 +8 301 4 — 301 te — 301 +712 
1860 | — 202 — 434 - — 546 - 561 561 561 
-1 - — 278 — 349 +6 — 353 + — 353 +271 — 353 686) 
1861 |-—177 — 247 - —275 - — 275 +102 — 275 322, —275 +778 
— 337 +5 — 34° +4 +280 — 349 +702 
1862 112 - — 165 - 
— 257 
1863 | 108 - — 130 - 
19641180, | - 496 
= 152 - — 262 = 
1865 | — 229 - — 456 - 
— 160 ; — 281 - 
1866}-— 81 - - 
1867 | 31 - — 333 
— 166 - — 281 - 
1868 | - 14 - —152 = 
50 - 53 - 
156 = 250) 
1870 | — 189 — 379 
—158 - — 264 = 
1871 | — 254 — 282 - 
1872} - —116 = 
— 160 - — 256 - 
1873}-— 87 - — 272 - 
—156 - — 257 - 
1874]-— 46 - — 136 - 
—150 - —251 - 
1875]- 71 — 231 
— 146 - — 250 - 
1876]-— 87 - — 235 
1877 | — 136 - - 
1878 124 — 138 
1879 — 341 - — 565 
— 256 - 
1880 161 -170 - 
- — 252 - 
1881 | — 428 - — 641 - 
— 162 = jan 267 = 
1882]-— 22 - - 2 +8 
— 157 —2 
1883 |-—115 ~ — 163 ~ 
- 
— 152 — 250 ° 
1885 | — 189 - — 287 - 
1886 | — 245 — 455) 
— 156 ~ — 258 ° 
1887 |-14 - — 204 - 
SS 257 ° 
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Taste XXV. continued.—SCOTTISH 
COUNTRY AND TOWN STATIONS, METEOR 
ProGREssIvE ACCUMULATIONS OF EACH KIND OF Us ' OLOGY OF. 
E 
TEMPERATURE, BOTH ABOVE AND B ° 
Jul OF THE YEAR CONTINUOUSLY. ELOW 42°, FROM 
August 
September 
October. 
N 
Below 42°. | Above 42°, | Below42°, | Above 42°, | Bel ovember. December. 
‘ ow 42°. | Above 42°, | Below 42°. | Above 42° 
Sue. Ss . | Below 42°, | Above 42°, Below 42°. | 
ov, | Sue op, | Sue | Above 42°, fy 
Mn. Mn, Mn. Ob. Mn * | Ob, Suc. Ob Suc, Suc ped 
Mn. | wn | | Suc. | Sue. reptd. 
- 390 + 1000) 390 Mn, | Mn, Ob. Ob, Ob Suc, 
+1735 ~ 390 . | Mn 
~358 4.1221 _ 358 +1946 ~ 459 +] : 
936 ~ 374 +1110 - 374 +2202 ~ 358 4.2438 ” — 586 +1946 1856 
[+1227 ~ 336 374 +1968] |-37 858 +2189 358 
361 +114 361 + 2095 336 4.2185 — 408 +221 +2579 1857 
-119 +1303 ~119 — 361 +2011 —414 42185 +2262 
- 2220 1 
393} +1162 +1688 _561 357 +2210 -467 dial 859 
5 1237 _975 353 353 +1964 +1812 — 648 +1812 
02 ~130 333 +1957 — 442 +1972 344 wa) 227 
308 +1770 130 333 +1919 2124 +213 +1972 1862 
337 +1IS1 — 337 +1865 — 566 +1983 + — 378 21 +1952 1863 
- 403 4 
1198 +117 363 + 2289 602) 4.2413 +210 
| - — 363 +1962 620 +2413 620 
362 +11 +1813 3 211 42 +2441 1865 
13} +1085 362 +2018 - +21 
-152) "| 41414 95 -513 +1990 -525| [+1990 509 +21 
=358 11 +2262) 375 624 +1990) 4.1867 
~ 183 +1112 358 — 152 + 2349 +21 867 
183} 358 +1 236) +2349 +211 
345 +117 3 +1900 — 358 +2119 279) +2349 1868 
345 183 +2064 — 500 
-$57| 141365 345 - 451| 
— 457 +2115 — 401 42121 +2064 1862 
= ~ = 21 
343 335 +197 -143} +2045 ox +2141 
~136 1181 335 +1893 335 +2124 393 +21 +2045 1872 
_ - 136 \-335 +1 +1966 367 +196 +2136 
325 +118 - — 335 +211 vas - 367 +1980 
5 — 325 +2017 -136 5 392 2120 1873 
~ 993 — 325 +1071 +2157 - 163 +2157 ~ 494 +2127 
+1264 7 — 325 +2117 507 +2157 18 
~ 323 +1189 9 3 +2122 ~ 495 74 
- 371 +1163 _371 — 323 +2135 ~ 293 4.2290 _377 +2129 
— 326 97 - 2290 - 47 
326 197 — 326 472 9 
-19] +1309 +117 326 | +1618 ~ 336 +1764 — 381 +2133 +2180 1876 
{-191 — 326 +1961 — 226 +1779 — 420 2239 
320 +2193 -i91| > 379 +211 1877 
~735 | ~ 320 +2407 ~3ll 4.2407 7 489 +212 
~195 1 337 780 +1706} 41-1006] +213 
~793 +1049 +1169 — 332 | +2076) - 195 +2088 — 518 +211 
338 349 337 +194 109 +2084 531 +21 
9 369 
= - 21 
~ 389 ~ 332 +2110 -219 +2110 373 +2100 
334 4 — 389 -3F + 2090 — 388 + 383 +2110 1884 
+ 96] 50 334 +1608 _ 389| +1620 S19 +2101 
eng! 342 1 334 +19 +1620 558 
309) _| +1144 +1707 334 +2074 — 390 +1620 1885 
-601) ~~ |+1939 + 
309 342 +192 601 +1963 +2085 
~ 341 +1958 309 2023 338] — 396 +207 532 +1963 1886 
—341 2023 
VOL. ve + 264 +207 564 +2023 188 
AAV. PART 3. $39 +2079 
2M 
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Taste XXVI.—SCOTTISH COUNTRY AND TOWN STATION S, METEOROLOGY OF. 


FINAL ACCUMULATIONS, MADE GOOD ON THE WHOLE, OF Usrrut PLant-Growtn TEMPERATURE FOR EACH 
MONTH FROM THE BEGINNING TO THE END OF THE YEAR CONTINUOUSLY. 


January. February, March, April, May, June, 
Year, 
| Syrcessivel Obed. Obsd, Obsd. Obsd, Obsd. 
1856 -239 309 ~ 390 ~321 ~175 +164 
1857 | -195 ~271 ~358 ~ 387 ~ 95 +367 
148 — 238 292 — 257 25 
1860 | -202 ~ 434 ~546 307 + 23 
1961 | -177 ~247 ~275 ~173 + 47 +503 
1se2 | -112 ~165 ~295 ~217 + 65 +377 
~152 262 — 328 272 +359 
1866 | - 81 ~ 229 ~ 353 298 -110 +313 
— 156 — 256 — 338 — 262 - 37 + 358 
1874 - 46 ~ 136 - %6 + 45 +203 +587 es 
150 —251 — 316 — 235 +377 
1876 | 87 235 ~ 320 ~106 +284 
1877 136 — 206 —318 — 336 ~—215 +178 
—I5! — 256 — 329 — 254 - 39 +351 
isso | -161 -170 ~195 +103 +490 
1882 - 22 - 4 +17 + 50 +289 +634 aa 
~ 152 323 253 - +347 
1885 —189 — 287 — 389 — 332 — 233 +115 ie 
— 155 256 334 267 +327 
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Taste XXVI. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


FinaL ACCUMULATIONS, MADE GOOD ON THE WHOLE, OF Userut Piant-GrowrtH TEMPERATURE FOR EACH 
MONTH FROM THE BEGINNING TO THE END OF THE YEAR CONTINUOUSLY. 


July. August, September October November. December 
Year 
Successive Successive Successive Successive Successive Successive) ; 
Obsd. Means. Obsd, Obsd, Means. Obsd, Meena. Obsd, Meane. Obsd, Means. 
+ 610 +1078 +1345 +1556 +1487 +1360 1856 
+ 863 6 +1421 +1844 +2080 +2131 a +2221 1857 
+ 7 +1250 +1594 +1818 +1 +1790 
+ 891 ir +1384 +1759 +1849 +1771 706 +1706 76 1858 
+ 9 +1294 +1649 +1828 +1 +1762 
+1184 +1674 +1983 +2101 +2023 +1775 1859 
+ 887 +1389 +1733 +1896 +1853 +1766 
+ 497 i + 881 +1127 . +1251 +1164 + 919 96 1860 
+ +1288 +1612 +1767 +1715 +15 
+ 962 : +1439 +1790 ba +2022 +1917 +1793 me 1861 
+ 934 +1313 +1641 +1810 +1749 +1629 
+ 743 +1177 +1519 +1677 +1530 +1524 1862 
+ 821 +1293 +1624 +1791 +1718 +1614 
+ 972 tid +1397 +1640 +1789 +1822 +1785 , 1863 
+ +1306 + 1626 +1791 +1731 + 1935 
+ 603 + 987 +1299 +1417 +1384 +1303 1864 
+ 814 +1271 +1590 | +1749 + 1692 +1598 
| + 770 ‘ +1207 +1687 +1811 +1793 +1821 a 1865 
+ SIO +1264 +1599 +17 +1702 +1621 
| + 775 ae +1178 +1460 +1665 ie +1641 +1598 - 1866 
+ +1257 +1587 +1747 +1697 +1619 
+ 522 + 999 +1341 +1477 +1465 +1366 1867 
= + 783 + 1235 +1566 +172 +1677 +15 
+1262 +1774 +2110 +2197 +2113 +2070 1868 
+ 820 +1277 + 1608 +1761 +1711 + 1634 
+ 929 +1366 +1717 +1881 +1833 +1613 1869 
. + 827 +1283 +1616 +1770 +1720 + 1632 
+ 908 | +1752 +1885 +1798 +1534 
% + 833 +1291 +162 +1777 +1725 +1 
; + 838 +1362 +1668 ’ +1829 +1727 +1603 1871 
- + 833 +1296 + 1628 +1780 | +1725 +1624 
3 +1070 +1520 +1805 +1923 +1902 +1787 1872 
A + 847 +1 + 1638 +17 +1735 + 1634 
+ 822 +1268 +1550 +1621 +1597 ‘ +1613 1873 
4 +1 +16 +1780 +172 + 1633 
+1126 +1557 +1881 +2021 +1994 +1650 1874 
* + 860 +1320 + 1646 +1792 +1742 + 1634 
+ 971 | +1842 +1997 +1913 +1817 1875 
+ +1327 +1656 + 1802 +1750 + 1043 
4+- 792 +1282 +1576 +1818 +1779 +1717 1876 
2, 2 +132 +16 +1 +1752 og 
+ 621 +1027 +1282 +1428 +1443 +1359 1877 
5! +1311 +16 +1786 +173 +1633 
+1118 1633 +2002 | + 2096 +1746 1878 
- 3 +1325 +1651 +180 +1753 + 103 
. + 128 + 562 : + 847 ' + 971 : + 926 + 700 1879 
+ 832 +1294 +1618 +1770 +1719 +1599 
Ry + 946 ee +1485 +1881 +1893 +1788 +1621 pe 1880 
ei 37 +1301 + 1628 +1775 +1721 +1 
a 15 +127 +1601 +1746 +1 1 157 
te +1108 +1582 +1876 + 2062 +1975 +1715 1882 
e 25 +1286 +1611 +1757 +17 +1592 
+ 685 +1125 +1449 +1585 +1537 +1456 1883 
4 20 +1280 + 1606 +1751 +1702 1577 
P + 919 +1427 +1793 +1945 : +1891 +1727 1884 
; + 824 +1285 +1612 +1758 +1708 +1582 
by I +1274 +1 +1740 +1 1595 
+ 360 + 800 +1106 +1338 +1362 +1083 1886 
‘i I +1259 +158 +17 +1 +1549 
| + 918 +1364 +1649 7 41642 +1459 1887 
+ 805 +1262 +1585 +1727 +1679 +1546 
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TaBLE XXVIa.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 
A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January. February. March, April. May. June. ( 
1857. 
Max, | Min. | Max. | Min. | Max. | Min, | Max, | Min, | Max. | Min. | Max. | Min % 
Culloden 730) 937 | Wl} | 2557 1145) 2714 1226) 3800] 131°8; 31: 
Castle Newe . 1055 | 140] 1016, 210] 1150; 290] 1240/ 
ry . - ~ - - - 190] 1040; 240] 1200; 31°0 
Perth 780 | 120] 950); 170431050] 200] 220] 1060) 260] 1280; 340 
Pittenweem - - 66°0 78°0 85°0 106-0 - 
Nookton . - 720; 180] 720; 130] 200] 1030; 250] 1180! 320 
Millfield . 860; 100] 900; 207 180] 920) 200] 1080) 250] 1260) 
Row - 91°0 | 26°4 960; 29°07 115°8| 36°8 
Moile House . - 807 | 295] 840); 29°77] 105°0/ 340] 1215) 360 
Smeaton ~ - - 100°0 | 220] 1125) 285] 1300; 290 
Thirlestane Castle . - - - 870 | 210] 980; 280] 1380; 30°0 
237°0 | 37°1] 350°7 | 84:1 | 622°0 | 119°0 | 931°1 | 228-2 §1155°1 | 278°5 11359°1 | 322-9 
+ + +4 + +7 + +10 | +10 | +11 | +10 | +11 | +10 bi 
Mgaxs.. 12°44] 87°7| 889 | 19°83 | 22°83] 27°83] 1236] 32°3 
January. February. March. April. May. June, da" 
1858. 
Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min 
Culloden ‘ 610) 20] 825) 152] 870/ 188] 1212] 222] 1196] 324] 1380; 41-2 
Castle Newe . 820 190] 1100 2011100; 160] 1070); 800; 1280; 360 
Braemar -| 539) 1507 601 65] 758) 131] 902) 162 25°8 96°0| 30°2 
Barry. ; 63°5 125] 760 907} 1045) 11071100; 120] 1150] 230] 1400) 36-0 
Kettins . . ~ - - = - - - - - 
Perth. 810 1907 880; 120] 1020); 110] 112 200] 1090; 23:0] 1300, 35-0 
Nookton ‘ 53°0 | 130] 650; 100] 860); 120]1010) 140] 1090] 190] 1180) 25-0 
Millfield . ; 750 | 1107 950); #1004 820 7°0 | 103-0 100 930} 200] 1010; 30°0 
Otter House . : - - - - - - - - - - 
Moile House . ; 520) 207 6830; 190] 97:5) 20° 21°0 - 31°0 380 
Auchengray . : - ~ - - - - - 1180; 33°0 
Smeaton 790; 180] 910); 1060); 17011130); 170] 1150) 260] 1220, 33-0 
Thirlestane Castle . 770 | #130] 870 80} 117°0 60] 1240 | 140] 1170] 250] 1300! 33-0 
677°4  173°5 | 817°6 | 104°7 | 967°8 | 132°4 | 981-4 | 164°4 1047-7 | 252-2 11329-0) 370-4 
+10 | +10 | +1 +10 | +10 | +10 + +1 + +10 | +11 | +11 
Means. 17°4] 81°8 | 96°8 13°2] 109°0 | 16°4] 104°8) 25°2] 1208) 33°7 
1859. January. February. March, April. May. June, 
Max Min Max Min Max Min Max, Min. Max Min Max Min as 
Culloden . 527 | 2177 62:7) 2217 700] 201 803; 230] 1010; 279] 36°8 
CastleNewe. . . 740} 170] 750] 130] 740] 180] 85-0). 180] 1030] 250] 1060] 32-0 
Braemar . 630) 152] 62:71 110] 662); 188 742) 19°0 98°2} 23°57 
- 780 | 170] 780) 185] 910) 105] 935] 180] 935] 24-0 
Barry - - - + «ff 960] 180] 730] 130] 87:0] 17:0] 1020| 16:0] 1250] 31-0] 1310] 33-5 
Perth « 850] 170] 940] 11:0] 1010] 17:0] 1150] 18-0] 1300] 23-0] 135-0] 330 
Nookton . : 640; 150] 150] 850)! 180 15°0 - 20° 1150) 
Millfield . 67°00 | 140] 93°0 70] 970) 140 130] 1120] 200] 1170) 25°0 
Otter House or Moile House . 64°0 19°0 - ~ 90°2| 26°5 - - 42°0 
Paisley . - - 23-0] 743] 195] 89:0) 17:0] 1082] 23:0] 1150] 285 
Smeaton. 730) 130] 830] 140] 920; 130] 1100] 160] 1150] 17:0] 1120] 220 
Thirlestane Castle . 89°0 | 160] 89:0] 15011070] 150] 1020) 130] 1280!) 200 30°0 
791°7 | 165°9 | 859°8 | 161°1 | 931°5| 188°9 | 1214-7 | 222-0 [1113-9| 248-4 1 1277°3| 391°9 
+11 | +10 | +11 +11 | +11 +13 | +13 | +10 | +11 +11 | +13 
MEays.. 72°0| 166) 782) 146] 84°7| 17°2] 93°74} | 22°6 116'1| 
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TaBLe XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 
FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


A PREPARATORY TABLE FOR THE 


1857 July, August, September, October, | November, | December. 
Max, Min, Max Min, Max, Min, Max, Min Max, Min. Max, Min, 
Culloden 1247 | 379] 115°8| 37°0 89°3 | 35°5 82°8| 28°0 72°8| 25°8 58°8 | 29°7 
Castle Newe . 106°0; 320] 1220; 320] 103°0| 360] 113°0| 94:0; 180 27°0 
Braemar 19°5 - 21°2 90:0; 203 90°0; 10°0 90-0 40 79°0 9°0 
Barry 116°0; 35°0] 1160) 350] 1050); 35°0 - - 80°0| 18°5 65°0; 17:0 
Kettins 108°0| 33:0] 1290) 3404 1080; 34°0 - - - ~ 
Perth 1040; 31°07 1130!) 380] 1120); 99°0 | 23°0 83°0; 20°0 860; 21°0 
Pittenweem 98°0 - 94°0 ~ - - 58°0 - 59°0 - 
Nookton . 1210; 33°0] 1130; 320] 1000; 300 83°0| 22°0 14°0 59°0; 200 
Millfield . 1170} 340] 1210; 300] 1090; 220 880; 19°0 700; 23°0 
Row 105°8| 402 - - 1080; 40°0 95°8| 33:7 - 
Moile House . 101°; 41° 1140; 420 85°0| 39°0 77°0| 300 59°0 | 28°0 - 33°5 
Smeaton. 1280; 39°0] 125°0;| 39°01 123°0| 350] 1000; 28-0 20°0 840; 250 
Thirlestane Castle . 123°0; 350] 1880; 350] 1300); - 1030; 15°0 89°0; 190 
1352°5 | 407-0 | 1294°8 | 379-2 | 1360°3 | 395°8 | 849°6 | 223-7 | 812°8| 182°3 730°8| 2242 
+12 | +12 | +11 |] #11 +13 | +12 +9 +9 +10 | +10 | +10 | +10 
Means 33°9] 117°7| 34°5 | 104°6| 33°0 94°4| 24°9 81°3| 18'2 22% 
July. August. September October. November. December. 
1858. 
Max Min, Max. Min, Max Min, Max Min, Max Min, Max, Min. 
Culloden 103°8| 40°4] 1006); 40°1 88°0 | 766 | 27°2 65°8; 127 54:3; 24°8 
Castle Newe . 1020; 380] 1120; 1020; 30°07 1020; 25°0 68°0 7°0 66°0| 20°0 
Braemar 93°0| 90°8 | 29°8 26°5 75°4| 20°5 62°9 §2°1; 220 
Barry . 1370; 37°01] 1400) 330] 1320; 320] 1090; 23°0 990; 160] 1000; 12°0 
Kettins . 1350} 1240; 350] 1260; - - - - - 
Perth 1190; 350] 125°0| 340] 1230; 290] 1070; 21°0 97°0; 11° 85°0| 17°0 
Nookton 119°; 300] 1170| 270] 1060), 26°0 - 17°0 740; 11°0 11°0 
Millfield . 97°; 23°01 1160) 260] 260 97°0; 19°0 84:0; 140 15°0 
Otter House . ~ 1190; 390 1100; 35°0 96°0; 25°0 81:0; 210 600; 28°0 
Moile House . ~ 35°0 - 31°0 - 25°0 - - - - - ~ 
Paisley . - - 1062; 350] 1045); 27° 240 - 13°0 53°0| 25°0 
Smeaton . 1190; 310] 1180; 3107 1110; 280 920; 180 74°5 9°0 ~ 14°0 
Thurston ; - 107°0 - 110°0 - 81°0 - 75°0 - 63°0 - 
Thirlestane Castle . 1300; 320] 1350! 320] 1270; 270] 1170; 220] 1020; 100 97°0; 160 
1254°8 | 368°6 11510°6 | 425°9 }1440°6 | 374°5 1039°0 | 241°7 | 883-2) 1322] 826-4) 204°8 
+11 +11 +13 | +138 §. +13 | +13 | +11 +11 +11 + +12 | +11 
MEaxs 33°5] 116°2| 32°38] 1108| 28°83] 94°5 | 22°0] 80°3| 68'9| 18°6 
July. August September October. November December 
1859, 
Max Min Max. Min Max Min, Max. Min Max Min, Max. Min 
Culloden 99:0 | 414] 91°9| 384] 984] 319] 856! 217] 241] 540] 112 
Castle Newe . 105°0 | 36°01 1000) 350] 870) 29°5 860; 180] 720); 230] 0-2 
Braemar 962 | 29-0 805; 109] 580; 190] 480) 
Banchory | 250] 1100) 2607 940); 200] 1000; 13°5 790 | 180] 62°0 3°0 
. | 350] 1240; 340] 1180); 99°0 90} 940; 150] 10°0 
Perth | 134-0] 360] 1300] 31:0] 1120, 130] 920| 160] 490 
Nookton 1150] 357] 110-0] 33:0] 976| 267] 956) 147] 646] 187] 486) -60 
Millfield 1100 | 300] 1030) 320] - 900| 100} 720) 170] 590 
aisley . 1102 | 31:0] 1020} 320] 890, 260] 870) 115] 660] 165] 30 
1240 | 2904 1110; 31:0] 1030; 210] 1110 60]; 81°0 67°0 10 
Thirlestane Castle . 30°0 | 127°; 32011150); 270] 111°0 70} 880; 130] 71°0 
985-4 | 322-1 11112°9| 329-4 | 932°0 | 240°1 1057°7 | 135°3 | 827:1 | 1893 7 30°4 
+ +10 | +10 | +10 +9 +9 +11 +11 +11 +11 +11 +11 
Means 109°5 | 32°2] 111°3| 103% | 96°2) 12°33] 76% | 1772] 63°5 2°8 
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TaBLE XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND 


PROFESSOR C. PIAZZI SMYTH ON 


MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January. February. March, April. May. June 
1860, 
Max, Min, Max, Min, Max, Min, Max, Min Max, Min, Max 
East Yell . . = 772 29°0 102°0 
Harris . - - - - - 27°7 33°2 - 
Stornoway - - - - - ~ 25°0 33°0 - 
Culloden 58°0 | 20°7 64°6 9°5 708 | 226 83°9| 22°9 91°4 28°9 871 
Forres . - - ~ - ~ 93°2} 25°44 101°0 30°7 | 101°4 
Castle Newe . 63°0 10°0 | -70 750 20°0 93°0| 22°0 | 103-0 26°0 89°0 
raemar ~ §2°8 | -—8°5 - - - - - - 86°0 
Banchory 71°5 130 86°0 20 81°0 16°0 13°0 50 23°0 $2°0 
87°0 82 109°0 18°77 | 125°0; 2097 118°0 31°7 | 114°0 
Perth . 85°0 12:0] 1030 | 196°0 2007 1145); 20°0 - 125°5 
Nookton 58°6 9°7 81°0 7°0 79°6 20°7 92°) 147] 1076 26°7 | 117°0 
Millfield 63°0 11°0 79°0 3°5 760 17°0 - 
Callton Mor . - 21°5 = 16°0 - 23°0 - 25°0 - 29°0 - 
|}Oban. - - - - - - - - - 
Paisley . 54°6 150} -1°5 717 18°4 9177; 1080 19°4 89°7 
Smeaton . 70°0 11°0 83°0 10 87°0 9°0 98°0 80} 17° 1080 
Thurston - 89-0 17°0 86°0 21:0} 1050} 250] - 119°0 
Thirlestane Castle . 84°0 20 00 | 109°0 10°07 1200; 150 24°0 ~ 
679°7 | 125°9 | 967-4 43°2 | 951°1 | 216°4 1182°1| 312°0 956°0 | 322°6 
+10 | +10 | +12 +13 +11 +12 +12 +15 +9 +12 | +12 
68°0 | 12%] 80°6 3°34 | 18'0 98°5| | 106'2 | 26'9 102°6 
January. February. March, April. May. June 
1861. 
Max Min Max Min Max. Min Max Min Max Min. Max 
East Yell 61°6 - - - ~ - 
Kirkwall 51°5 180 60°6 | 22°0 67°0|; 20°0 87°6 | 27°5 28°0 
Harris . 64°6 23°7 77°4| 260 67°2| 29°7 82°2; 77°4| 3127 1149 
Stornoway - 90°0| 25°5 87°0| 22°0 89°0 | 97-0 
Culloden 63°7 13°1 64:7; 21°1 26°8 86°0 | 2267 1075) 23°67 11371 
Portree 67°6| 140 24317 1020) 1130] 180] 1182 
Forres . 60°7 12°0 181 81°6| 25°5 97°38; 209] 1070) 2071] 118°5 
Castle Newe 68°0| -100] 720! 12°0 72°0| 28°0 95°0| 25°0 90°0; 250] 106°0 
Braemar 58°7 | 22 57°3| 11° 65°2|} 23°0 13°0 84°9| 13°5 95°5 
Banchory 80°0 8-0 78°0 86°0| 18°0 89°0 19°0 98°0; 19°0 99-0 
rry 68°0 12°5 75°0| 12° 89°0; 25:0] 1100} 280] 107°0|} 21-2] 1180 
Kettins 6°0 - 12°0 230 20°0 23°0 
Perth 77°0 4°0 97°0| 100] 1100] 250] 1240) 200] 1280] 190] 135°0 
Nookton 60°0 3°4 65°0 | 13°4 21°47 112°0| 17-4] 1070) 15°47 1140 
Callton Mor . 72°0 15°5 720; 20°0 83°5| 24-0 84°0| 21°0 93°5 
Oban. 51°0 9°0 59°0| 14°0 71°0| 88°0| 22°0 94:0; 19°07 108°0 
Paisley . 54°7 2°4 647; 119 73°7 | 27°4 92°77 | 20°4 93°7| 17°5 99°7 
Douglas Castle - 25:0] 1080) 172] 1070!) 13-0] 110°5 
Smeaton 69°0 9070; 19°0 92°0; 220] 1080) 200] 190] 115°0 
Thurston ; 86°5 11°5 92°00; 96°0| 25°57 1050; 240] 110°] 25°57 121°0 
Thirlestane Castle 68° | 101°0 0°0 85°0; 200] 112°; 15°0] 1120} 140] 
Mungo’s Walls 65°5| 13°5 73°8| 228 94°4; 209! 1160} 18-7] 121°6 
1115°0| 119°9] 1329-4 | 277°0 | 1606°2| 508-1 1953°4| 447°1 | 2025°6| 428-7 | 2132-5 
+17 +16 | +18 +19 +20 | +21 +20 +21 +20 +21 +19 
65°6 7°54 73°9| 146] 80°3| 24°21] 97°7| 21°3] 101°3| 204] 112°2 


Min, 
41°4 
42:7 
30°8 
34°8 
34°0 
24°8 
280 
32:0 
27°4 
ay 
35°0 
33-9 
22°0 
35°0 
25°0 
82:8 
+15 
32°2 
| 
Min, 
42°7 
32°0 
36°7 
34°0 
28°8 
37°0 
34°0 
35°0 
37°7 
36°0 
42°0 
36°0 
40°0 
41°9 
29°0 
37°0 
39°0 
31°0 
36°1 
714°3 
+20 
357 | 
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TaBLeE XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


1960 July. August, September. October. November, December, 
Max Min Max Min Max Min Max Min Max. | Min. | Max Min, | 
East Yell é 93°2; 408] 96°6 - 85°1 87°0 - 63°0; - 
Kirkwall - - 1020; 31°0 810; 2:0] 760) 220] 516) 220] 46:0) 180) 
Harris . 42°2 43°0 - 38°8 - 336] 94:4) 282] 780) 19°0 
Culloden 98°6| - 977 | 33°38] 68°7| 252 98; 166] 499 6°2 
Forres. . | 1104) 381] 1042) 36°09 1075) 35°71 69°7 | 29° 63°2| 187 52°0 7°5 | 
Castle Newe . ‘ 1100; 370] 990; 320 1020; 310] 910; 270 770; 190] 60°0) 
Braemar 1058; 3107 910; 300 94:0; 73°38; 244 52°8 93 01 | 
Banchory 940; 35°07 940) 2607 1050) 220] 880; 200 760) - 580| 
1120; 380] 1250; 33°07 1150; 270] 1000; 21°5 790; 210] 72°0 4°5 | 
Kettins 37°0 34°0 26°0 20°0 - 13°0 - 30° 
Perth 138 | 40°07] 1350) 37°09 1270) 180] 1200; 210] 930) 150] 740) 50. 
Nookton . 1140; 364] 1190) 32°47 1050) 214] 92°0)| 69°0| 144] 590) - 86. 
Millfield - - - - - - - - ~ - = | 
Cailton Mor - 35°0 | 97°0| 33°0 - 29°0 250] 800) 215] 900 80 
Paisley 109°77| 35°41 1150; 3447 1100; 2427 880) 200] 717) 13°4] 660) -110 
Smeaton 1140) 270] 1130; 2607 1080; 170] 980) 130 82°0 90] 65°0 ~ 
Thurston 1220) 390] 1280; 39°07 1200; 325] 1100; 20] 970) 20] 890 
Thirlestane Castle . - 31°0 26°0 - 160] 1050, 210] 950) 140] 75°0)| -16°0. 
1322°2 | 582°7 1418°8 | 492°8 }1357°3 | 419°8 | 1267-2 | 365°6 | 1204-5 | 258-1 | 1021°3| + 8-2. 
+12 | +16] + +15 | +1 +16 | +14 | +16 | +16 | +15 | +16 | + 16 
MEANS. | 32°38 104'4| 26°2 g0°5| 22°8 75°3| 17°2 63°8 0's, | 
July. August. September. October. November. December. 
1861. 
Max Min Max Min Max Min Max Min. Max, | Min. Max, | Min, 
Yell - - 86°5| 378] 800] 331] - - 
irkwall 1026} 410 87° - - - - 
Kallin 1119; 41°2 - 39°0 - 35°2 83-4) 33:3] 654 | 290, 302 
Stornoway 96°0 | 33°5 20) 330] 990), 30° 77°0| 29°5 700; 180] 670) 25°0 
Culloden 96°0| 39°7 388], 1039, 34°9 767| 249] 628); 13° 58°9 | 226 
Portree . 1165| 300] 93°9| 34:0] 91°83; 265] 813] 220] 687) 135] 20-1 
Forres. 1052} 360] 90°6 |; 32°3 771) 27] 653) 217 67°3| 168 
Castle Newe . 1010} 380] 1020, 360] 940) 250] 1080) 230] 770) 10°0 790 | 15°0 
Braemar 3407 851) 80°0 | 30°8 79°0| 24°0 72°0| 13° 64:0; 140 
Banchory 99°0| 320] 1000; 300] 93:0; 23:0] 920) 200] 69°0 50) 720; 150 
Barry. 1210! 425] 1170; 41:0] 1160) 390] 1010; 270 790; 170) 19°0 
Kettins . - 36-0} - 380] - 310] - 20] - 120] - 140 
Perth 123-0} 370] 1120} 350] 126-0| 30:0] 1150) 220] 970) 140] 730) 12°0 
Nookton 1110} 31:4] 1030; 33°47 1120) 870} 234] 650) 13°4 
Callton Mor . 87°5; 320] 82°0| 365 800! 270] 690) 160} 65°83); 220 
Oban, ‘ 1070] 960) 380] 870) 33°0 720} 260] 510) 190] 51:0) 
Paisley . 1062; 39°54 887) 39°4 93°2| 28-4 244] 677) 164 597 | 
Douglas Castle 1045] 360) 960) 35:8] 1022) 26 76°0 3°5 10°5 
Smeaton 1100} 380] 112°0| 360] 1110) 270] 940) 240] 730) 140] 660) 120 
Thurston 1190] 41:0] 1060} 430] 1140; 300] 1190) 305] 970) 16-0 780; 185 
Thirlestane Castle . 1170] 320) 1070; - 1110; 230] 1090; 160 20 30, 860 8-0 
2019°4 | 727°8 11767°5 | 692°5 }1711°2 574°6 | 1606°5| 4783 1316-9 | 267°6 1201°1) 323°5 
+19 | +20 | +18 | +19 | +17 | +19 | +18 | +19 | +18 | +19 | +18 | +19 
Means. | 106°3] 36°4 g8°2| | 100°7 | 30°2 89°2|} 25°2 73°2| 66°7} 
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232 PROFESSOR C. PIAZZI SMYTH ON 


Taste XXVIA. continwed.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FRUST AND FIRE RETURNS OF TABLES XXVIIL, XXVIII. 


January. February. March, April, May. June, 
1862. | 
Max. Min, | Max, | Min, | Max. | Min. | Max, | Min, | Max. | Min. | Max. | Min, 
East Yell 51°4 26°6 77°0| 24°4 89°0 | 162 82°0| 89°0| 336 - 
Kirkwall - - 57°5| 18°4 711; 11°4 85'1; 18°9 31°0 973) 319 | 
Harris . 59°4| 287 77°4| 267 745 | 222 88°4| 29°07 100°7| 33°8 91:4) 32°6 
Stornoway 63°0 26°0 73°0| 220 780; 140 79°0| 2390 850 |} 260 90°; 31°0 
Culloden 64°8 76°0 | 15°5 89°0 974) 1112) 2267 11271) | 107°8| 33°5 
Portree . 705, 23°0 | 132 97°7| 12:1 987) 2259 114°7|) 220] 1152) 26°5 
Forres. ‘ ‘ ‘ ‘ 720; 28°0 17°0 785! 115] 1062) 255] 1024) 283] 1050) 32°0 | 
Castle Newe . 740; 27°0 89°0 9°0 890; 11°0 760) 83°0 | 25°0 83°0 | 
Braemar ‘ 82°0, 25°0 1197 101°, 113 770) 220 88°0 | 25°2 $0°5| 312 
Banchory ‘ 790, 720; 140 85°0 6°0 81°0; 20°0 83°0| 220 89°0 | 28°0 
Perth ‘ - 22°0 910; 140 - 1140; 220] 1180) 260] 1290; | 
Nookton 21°4 710; 11°4 87°0 8°4 98°0; 17°43 1070| 23°47 1090) 2974. 
Balloch Castle - - - 75°0 9°0 99°0; 200] 1080} 280] 1100] 360. 
Callton Mor . ‘ ; ‘ 645 25°0 73°5| 740) 11°5 782} 75°0| 24°0 85°0 | 32°9 
Oban 620; 16°0 71°00; 900}; 220 94°0! 27°0 99°0| 30°0 
Paisley . ‘ 60°00, 707; 119 70°77 | 15°4 80°77; 119 8777 | 25°41 101°7| 
Douglas Castle ‘ ; 66°0| 82°0 9°8 91°0; 21°07 1100) 240. 
Smeaton 66°0 0 740; 17°0 30] 1050; 220] 1070; 250] 1050); 30°0 
Thurston ‘ 800, 202 810; 222 92°0; 112] 1080} 230] 105°0| 320] 1100! 36:0. 
Thirlestane Castle . 820; 13°0 91°0 97°0 40] 1060} 170] 1132) 183] 1250) 250. 
11686 441°0 }1473°4| 326°4 |1617°5 | 219°9 }1763°5| 445°8 1951-7 | 555-1 | 2043°4| 617°4 
+17 +19 | +1 +21 +19 + +1 +21 + +21 + +20 
MEANS, 68°7 23°2 77°5\ 15°5 85°1 92°8 | 21'2 97°6, 26°4] 102°2/ 30°9 
Janvary, February. March. April, May, June 
1863. 
Max. Min, Max. Min. Max. Min Max Min Max Min Max. Min 
Sandwick ‘ | 29°7 617| 213 68°2| 236 7772| 26° 91:0; 2424 113°2| 313 
Kirkwall 53°6 | 23°9 58°11} 22°4 70°8| 26°0 272 92°4; 269 98°77 | 349 
Harris . ‘ 28°9 69°4| 72°4| 2771 83°5| 88°5| 34917 1045) 42°9 
Stornoway ‘ 61°0| 23°0 73°0| 240 25°0 28°0 85°0 |} 28°0 
Culloden 57°1| 176 82°4| 23°74] 1000| 19°77 | 1060) 27°77] 1086) 316] 106°2| 37-6 
Portree 216 90°4| 187 99°8; 23°0 96°38 | 23°1 1036) 27°8 
Forres . ‘ 59°0| 79°5 | 25°1 187 - - - - 
Castle Newe . ‘ ‘ 69°0| 22°0 26°0 160 780| 85°0 | 280 90°0 | 27°0 
Braemar ‘ 60°0 80 780| 21°4 66°2; 21°0 26°0 99°0| 99°0| 322 
Banchory 64°0| 17°0 780; 150 840; 15°0 810); 15°0 88°0| 21°0 91°00; 22°0 
Kettins ‘ - 23°0 - 18°0 25°0 25°0 ~ 32°0 
Perth. ‘ - ~ 1140; 17°0 23°0 ~ 1180} 30°0 
‘ 53°0| 18°4 17°4 85°0| 16°4 93°0; 184] 101°0| 24:4 
Balloch Castle 520} 250 18-0 750; 180 200] 1100; 220] 1030| 29°0 
Otter House . ; - - - - ~ - - - 
Drishaig ‘ - - - - - - - - 
Callton Mor . ; 65°5| 26°0 60°0| 26°0 205 755 | 240 77°0; 26°0 84°5| 32°0 
Oban. 49°0| 23°0 510| 220 68°0| 200 82°0| 26°0 99°0| 29°0 1040] 35°0 
Paisley . 74:5 | 27°4 18°4 777} 19°4 81°5| 25°4 95°0| 25°4 93°5| 
Douglas Castile 65°0| 20°0 83°0| 13°5 950; 19°0 93°0; 23:0] 1060) 28°0 
Smeaton 64°0| 18°0 82°00; 15°0 90°0| 21:0] 1070) 240] 1100! 27°0 
Thurston 86°0| 25°04 1020) 260 98:0; 220] 1010) 1020) 305 - 36°5 
Thirlestane Castle . 16°0 93°0 90 99:0; 11°0} 1020) 180] 1120); 1140] 25°0 
South Cairn . - ~ 55°0; 320 62:0; 29°0 720; 320 760; 32°0 82°00; 41°0 
1190°3 | 426°1 1374°6| 429°4 | 1701°9 | 431°6 1648°2 | 50771 117983 | 525°0 [1911°2| 659°0 | 
+19 | +20 7 + +20 | + +22 1 + +21] + +20 | +19 | +21 
Meaxs. 62°7| 21°3 72°3| 21°5 81’°0| 19°6 86°7| 24°! 94°6| 26°2] 100°6| 31°4! 
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TaBLE XXVIa. continued—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


July, August. September, October November December 
1862. 
Max Min Max Min, Max Min Mux Min Max Min. Max Min, 
East Yell 99°4) 38°4 - - - - 
Kirkwall 36°0 97°6| 31°9 94:1; 971) 27°4 189 53°4| 28°8 
Harris, Kallin, and Benbecula 39°91 1102) 459 10172) 43:1 82°; 329 70°4; 28-1 
Stornoway . 83°0| 36°0 85°0| 38:0 89°0; 31°09 270 73°0| 59°0| 27°0 
Culloden 1122; 396] 113°0| 368] 1053) 347 98°8 27°7 748); 169 22°6 
Portree . 1100} 356] 1087; 3820] 109°7| 260 94°5| 18°4 787); 161 
Forres . 100°8| 37°] 1050) 349 99°1; 34-0 91°0| 263 710; 12° 58°0| 23°5 
Castle Newe . 88°0| 30°0 89°0 | 30°0 92°0; 290 97°0|; 240 57°0| 27°0 
Braemar 86°5| 34°0 310 98-2; 29°0 93°2| 11°2 56°0| 26°0 
Banchory 94:0; 300] 1000; 31:0] 102°0| 270] 1030) 200 100 66°0| 190 
Kettins . - 350 - 35°0 - - - 28°0 - 10°0 - 25°0 
Perth 1180; 360] 1320; 300] 1380; 280] 124-0) ~ - 
Nookton ‘ 1060} 32°47] 1080) 324] 1040; 25°4 92-0; 18°4 69°0| 11°4 54°0| 19°4 
Balloch Castle 103°0| 1060; 1090; 320 80°0| 25°0 53°0; 140 
Otter House . 90°7 - 95°5 - 92°0 - - - 
Callton Mor . 88°0| 37°53 1100; 29” 80°0| 232 70°5| 21°5 55°5| 29°0 
Oban 330 99°0 | 37°0 95°0| 29°0 75°0| 25°0 56°0; 170 - 
Paisley . 88°7| 37°41 10385) 35°44 108°7| 279 89°0 | 26°4 745| 643) 21°6 
Douglas Castle 103°5| 225] 1075; 240] 1135) 195] 107°0| 20°5 75°0 9°0 66°0; 15°0 
Smeaton 1110; 350] 1130!) 320] 1090; 260 94°0| 26°0 820; 68°0 | 23°0 
Thurston 1140; 390] 1200 395] 1270; 33:0] 1120; 29-0 980; 180 60°0| 28°0 
Thirlestane Castle . 1050; 250] 1200; 260] 1220; 180] 1210 13°0 | 105°0 790 | 22°0 
1979°7 | 685°4 | 2092°9 | 718°7 | 21223) 549°2 |1872°2| 485°4 | 1320°5| 2852] 993-1) 411-0 
+20 | +20 +20 +21 +20 +19 +20 +20 +18 +19 | +16 +17 
MEaNs 99°0} 34°3] 104°6| 34°2] 106'r| 28'9 93°6| 24°3 73°4| 15°0 |} 24°2 
1863 July, August, September October November December. 
Max Min Max. Min Max, Min, Max Min Max Min, Max Min 
East Yell - - . - - 
Sandwick 1112; 340 94:2; 32°7 88°0| 31°8 650 | 23°7 55°8| 232 50°2 
Kirkwall 106°4| 31°3 95°6 | 30°4 89°6| 68°8| 25°4 22°9 
Harris 104°3| 41°97 103°5/ 42:1 97°0| 41°6 - - - - 
Stornoway 89°0; 29°0 90°0| 32°0 880} 300 720; 750; 58°0; 20°0 
Culloden 1140; 33°43] 107°) 356] 1020) 34°6 82°2| 25°1 68°35; 219 57°0; 
— 117°4; 248] 1148) 30°8] 1051} 28-0 92°0| 16°0 57°00; 
Castle New 10070} 28°0 96°0; 31:0 95°0; 27°0 800; 21°0 200 65°0| 13°0 
Braemar 104°2; 310] 1070; 31°8 97°8| 32°3 910); 21°0 83°8| 15°0 710; 14:0 
Banchory 101°0} 22°0 99°0; 270 92°0; 20°0 88°0; 68°0 9°0 
Kettins 28°0 - 32°0 - 50°0 - 17°0 20°0 
Perth 149°0;} 25°04 1270; 290] 1150} 25°07 1060; 180 880; 140 73°0 8-0 
Nookton 1180] 164] 1100; 254] 95:0] 224] 780) 134] 630) 124] 530] 12-4 
Dollar . - ~ - - 73°77 | 217 64°77 | 217 
Balloch Castle 1110; 300] 1080; 33°0 95°0| 32°0 69°0; 26°0 56°0; 
Otter House . 130°0 - 126°0 - 110°0 - 83-0 - ~ - 7 - 
Callton 290] 93:0] 312] 795] 3820] 740; 260] - 65:0| 21°5 
Oban 1020; 29°0 32°0 87°0; 65°0| 54°0|} 21°0 19°0 
Paisley 99:3} 269] 995] 224] 853] 312] 880] 211] 77:7) 210] 657] 16-4 
Douglas Castle - 107°5| 25°0 98:0} 25°0 700; 13:0 - 
Smeaton 1100; 240] 1080; 27°0 98°00} 26°0 87°0; 21°0 13°0 67°0; 11°0 
Thurston 1100; 30°0] 1060) 1010; 35°0 96°0 29°0 76°0| 23°0 60°0| 200 
Thirlestane Castle . 118°0; 200] 1160; 2407 113°0; 260] 1060; 18°0 910; 120 68°0; 11°0 
2080°3 | 533°7 1 2106°1 | 623°4 11931°3 | 592°3 1596°6 | 423°4 11149°9 331°1 | 992°6)| 269°0 
+19 +19 +20 +20 +20 +20 | +19 +19 +16 +18 +16 +17 
MEaNs 109'5| 28'1 105°3| 96°6| 296] 22°93] 184] 15°8 


VOL. XXXV, 


PART 3. 


a 
| 
wee 
high wre 
ag 
i 
e4 ia 
4 
Pes j 
| 
| 
| 
+) 
2 0 


234 


PROFESSOR C. PIAZZI SMYTH ON 


TaBLE XXVIA. continued.—_BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January. February, March, April, May, June, 
1864. 
Max Min, Max Min Max Min Max, Min Max Min, Max Min, 
Sandwick 481; 173 62°0 7*4 74°3| 143 93°2; 23°2] 101°7| 24°77 101°0| 33-4 
Kirkwall 20°4 10°6 717)| 166 86°8 | 22°6 94°4; 2397 1042) 33°9 
Stornoway 57°0| 26-0 73°0 | 23°0 220 26°0 29°0 90°0' 34°0 
Culloden 66°1| 13°4 73°5| 146 87°5| 1060) 264] 1068) 288] 1083); 
Portree 63°2; 172 80°3; 11°5 15° 1062; 25°83 106°8; 24°8 
Castle Newe . 710 73°0| -1°0 750| —2°0 94:0} 22°0 93°0! 26°0 
Braemar 75°0 82°0 3°3 92°0 3°0 105°; 25°77] 1089); 26°8 26°8 
Banchory 68-0 60] 730) -30 - - 150] 200] 93:0) 22-0 
Kettins 8-0 5°0 2°0 22°0 27°0 27°0 
Perth 73°0 80°0 87°0 607 1100; 20°07 1150; 230] 1160); 280 
Nookton . ‘ 67°0 6°4 68°0 7*4 780; 12-4 95°0| 1100] 20°44 1060) 224 
Dollar . 777 | 167 16°0 88°7 20°79 1017) 27°77] 1017) 277 99°7 | 29°7 
Bloomhill or Cardross - - ~ 28 °0 29°5 31°5 
Balloch Castle 50°0 53°0 9-0 780; 1020} 25°07 111°0} 250] 1100; 260 
Callton Mor . 64:0) 17° 64°55) 175 19°9 265] 115°0| 2604 1000); 27°0 
Oban. 50°00} 143 20°0 940; 28°07 1010; 280 109°0; 27°0 
Paisley . 72°2 63°8 97'1| 25°4 239 
Glasgow 730} 12:2 720; 86°8; 18°0 - 27°3 27°5 28°2 
Douglas Castle 63°0| 14:0 81:0 7°0 91°0 807 1080) 2507 1170; 180] 1060; 260 
Smeaton 69°0 5°0 70°0 10 92°0! 10°0 980; 18°07 1170) 15°07 1100; 
Thurston 710; 15°0 86°0; 12°0 80°0; 23°0 300] 1200; 1090) 32°0 
Thirlestane Castle . 68-0 3°0 96°0 207 111°0 007 1170] 180] 1340; 190] 1170) 
South Cairn - - - 510| 77°0| 340 93°0| 90°0 | 40°0 
1196°3 | 236°3 1384-1] 184°1 ]1624°4 | 266-2 | 1839°9 | 539°5 | 2123°8| 578°5 | 2053-1! 637-2 
+18 | +20 +19 +21 +20 +21 +19 +22 +20 +23 +20 +2 
MEANS 66°5 | 11°8 72'8 8°8 81°2| 12°7 96°38; 24°5 | 106°2| 25°31 | 102°7/ 27°7 
January. February. March April. May. June, 
1865. 
Max, Min, Max, Min Max Min, Max, Min, Max Min Max Min 
Sandwick 47°7 8:2 58°] 21°0 74°4| 81°4; 1020] 252 94°7| 27°4 
Kirkwall - 6°4 482; 20-4 67°2| 21°0 90°0; 21°0 32°0 | 29°5 
Stornoway 55°0| 13°07 620) 15°0 84:0; 260 SSO] 25°0 97°0| 29-0 
Culloden 11°6 11°2 91°83; 2359 1143) 26°47 1161] 126°4| 35°6 
Portree . 67°8 7°0 6°8 92°33; 1487 1093) 233 1210] 25S} 1210; 283 
Castle Newe . 65°0| -7°0 71°0 3°0 80°0;} 15°0 92°0; 21°04 1010} 260] 1060; 27° 
Braemar. 68°0 53 85°0 84:0; 19°09 112°8; 110°8; 293] 121°0; 33°0 
Aberdeen - - 119°0| 118] 1140] 91°2| 23°0 94:0; 30°2 
Banchory 63°0 10 -6°0 15°04 1000; 12°0 98:0; 19°0} 101°0; 23°0 
Kettins . ~ 6°0 - - 18°0 20°0 - 22°0 ~ 32°0 
Perth 71°0 7°0 82°0 4°0 87°0| 160% 119°0| 142°0/ 180] 30° 
Nookton. 60°0 3°4 71°0 1°4 79°0| 14°49 1040] 18497 1130] 23°47 112°0} 
Dollar 717) 127 - 78°77 | 24°7 95°7| 26°7 | 104°7| 28°77] 107°'7| 
Cardross - 18°0 9°0 16°5 ~ 26°0 29°5 38°0 
Balloch Castle - 11°0 50°0 710; 14°0 98:0; 20°07 1090] 220] 32°0 
Callton Mor . 510} 14°5 55°5 68:0; 15°0 955) 2007 1120; 220] 1068; 32° 
Oban 47°0; 16°0 58°0 9°0 72:0} 20°0 - - - 
Paisley 69°5 4°4 88:5 | —3-0 79°5| 85°5 |} 20°6 93°5| 32°27 10071; 386 
Glasgow 9°0 88°4| -—0°3 98°7| 19°1 130°; 25°17 1240] 288] 36:7 
Douglas Castle 650; 10°0 76°0 6°0 83°0; 12°07 111°0; 23°0) 1140] 260] 1180); 33°0 
Smeaton -—3°0 83°0 5°0 860; 10097 1150; 1007 1180; 190] 123°0; 190 
Thurston 64:0; 14°0 710} 15° 82°0| 260 1020; 2807 1080) 115°0; 
Thirlestane Castle . 82°0 0°0 93°0; 13°07 131°0| 17°0] 1240; 180] 1320; 
South Cairn . ‘ 52°00} 57°0| 220 26°0 83°0; 340] 1020; 37°0 97°0; 40°0 
1191°0 | 195°5 15355 | 162°3 |1742°6| 418°6 2144°9| 502-9 2292-9} 603-0 [2355-7 | 713°2 
+19 | +23 +21 +22 +21 + +21 + +21 +23 | +21 + 
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TaBLE XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


1864 July, August, September. October, November, December. 

Max, | Min, Max Min Max, Min Vax. Min, Max, Min. Max. Min, 
Sandwick 1052| 364] 31-4] 91-4] 333] 808| 272] 232] 520/ 21° 
Kirkwall 366] 966] 406] &889| 33:3] - - 2:45 - 22°9 
Stornoway 420] 880] 380] 83-0} 380] 860] 29:0] 280] 520] 82-0 
Culloden 119°4| 38:7] 1040] 34:1] 1050) 326] 99-83] 27-4] 705] 217] 56°8| 196 
Portree. 117°5| 370] 1140] 252] - 228] 200] 535] 19-0 
Castle Newe . 340] 1040] 28:0] 95:0) 270] 890] 210] 720] 190] 64:0) 140 
Braemar 1180} 360] 33-0] 1040! 31:0] 250] 81:0) 192] 145 
Banchory 980} 210] 970) 210] 95:0) 200] 870] 130] 780} 100] 150 
Kettins . 34:0] - 27-0 290) - - 180} - 18-0 
Perth 1300} 32:0] 1180] 260] 1120) 290] 1200) 150] 850) 150] 690) 160 
Nookton 1070; 28:4] 1040] 27-4] 27-49 880} 154] 770) 550) 11-4 
Dollar . | 104:7| 33:7] 103-7) 34:79 94:7] 24:7] 87:7) 21:7] 227 
Bloomhill or Cardross - 39°4 - 35°C - 35°5 - - - 25°0 ~ 23°0 
Balloch Castle 1170! 350] 1180| - 80-0) 220] - 200} - 20-0 
Callton Mor . 123°5| 8754 1085| 280] 860] 290] 770] 180] 640| 170] 530] 13-0 
Oban 111°0| 390] 1000] 300] 90°0| 340] 760) 250] 590] 240] 530] 210 

Paisley 105°0| 35°47 1003] 289] 865] 334] 785| 222] - ~ 
Glasgow 130°7| 3883] 272] 1140; - 103°0| 66:2; 190] 65°11] 21°3 
Douglas Castle 1150} 340] 1190) - 1040) - 91:0] 220] - - 60° | 17% 
Smeaton 1210} 270] 1170) 200] 220] 950] 140] 740) 120] 640) 150 
Thurston 116°0| 39:0] 1120| 35:0] 1050] 370] 940| 280] 800] 260] 24-0 
Thirlestane Castle . 126°0| 340] 130°0| 21-0] 1200] 220] 1080) 170] 980) 150] 
South Cairn 930; 400] 900] 380] 850) 400] 820) 360] 270] 580) 26-0 
2355°8 | 811:4 [2254-3 | 628-5 1966-5 | 620-2 1824-6 | 472-1 1260-4] 417°6 ]1098°6 | 419-1 
+21 | +23 | +21 |} +21 | +20 | +20 f + +21 ] +17 | +21 7 +18 | +22 
MEANS 35°3 107°3| 29°9 98°3| 22°5 61°0| 19°0 

1865 July. August. September. October. November December 

Max. | Min Max Min Max, | Min, | Max. | Min, | Max, | Min, [ Max, | Min 
Sandwick 109°2|} 332] 972] 368] 97:0} 370] 816) 272] 632] 232] 55:2) 220 
Kirkwall 101°8| 297] 265] 876] 812] 736] 26] - 213]. - 24°5 
Stornoway 85°0| 25-0 92°0| 24°0 95°0 - 64:0} 26°0 
Culloden 119°0| 35:1] 117-4] 405] 1082] 326] 102-1) 226] 700) 221] - 
Portree. - | 1182] 30-0] 1073] 32:8] 1072] 223] 773] 120] 620) 221 
Castle Newe . 1050} 300] 97:0) 30-0] 1080} 270] 1070| 220] 760] 210] 700; 220 
Braemar . 1148} 31:0] 111-0} 31:3] 113-8] 28:0] 1168} 190] 113] 722) 25-2 
Aberdeen 97°0| 33:0] 29:0] 101°0| 290] 1015] 170] 800) 195] 757| 233 
Banchory 1040} 270] 93:0! 21:0] 1020] - 1020; 140] 760) 140] 73°0| 17°0 
Kettins - 33-0] - 820] - 330] - 170] - 160} - 22-0 
Perth 125°0| $20] 1140} 320] 1140] 28:0] 1090) 130] 920) 120] 750) 18°0 
Nookton 119°0| 33-4] 1080] 29-4] 1070} 30-4] 930} 184] 730] 154] 580) 17-4 
Dollar 1017| 37:7] 1007] 35-7 | 107-7] 35-7] 101-0} 230] - - | 23-7 
Cardross 400] - 385] - 370] - BO} - 240) - 23-0 
Balloch Castle 1160] 340] 1050} 33:0] 1020] 280] 840; 200] 570) 150] 520; 19° 
Oaliton Mor . 1128| 363] 109°5| 307] - - 81:0| 200] 604] 225] 53:7] 248 
Paisley . 99°38! 282] 983] 32:4] 3842] 859! 168] 785] 162] 19°8 
Glasgow 135°4| 36:7] 1286] 346] 1202] 35:2] 94:0) 220] 923) 226] 19° 
Douglas Castle 1190} 33:0] 1130} 37-0] 1120] 3820] 1110} 195] 810) 170] 730) 19°0 
Smeaton, 12 24:0] 1120} 220] 1150! - 1050} 200] 780] 200] 740; 19-0 
Thurston 1120} 39:0] 1100! 39:5] 1110] 400] 1080} 275] 960) 250] 810/ 25-0 
Thirlestane Castle . 1290} 220] 1200] 23-0] 122:0| 230] 1230] 140] 1000} 90] 840) 110 
South Cairn 1050} 430] 90°0| 400] 86:0| 420] 720] 290] 56:0] 290] 320 
2231°5 | 716-3 [2215-8 | 728-9 | 2020°3| 616-1 | 2053-7} 461°9 1454°7| 388-1 475-1 

+ +22] + +23 | +19 | +19 | +21 | +23 7 +1 +21 | +19 | +22 
MEANS 111°6| 31°7] 32.4] 97°8| 20%] 766) 18°5] 680) 21°6 


> 
wr 
> 
re | 
| be 
| 
J | 
| 
ol 
| 
| 


236 


PROFESSOR C. PIAZZI SMYTH ON 


TaBLeE XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January, February. March, April, May. June. 
1866. 
Max. Min, Max. Min, Max Min Max Min Max Min Max Min 
Sandwick 52°0| 240 8°8 712; 180 94°77; 192 102 1130; 283 
Kirkwall ; - - - - - 9°0 766) 19°5 95°5| 13°54 25°0 
Stornoway 50°0| 12°0 700; 11°0 81°0 9°0 92°0 ~ 94°0 
Culloden 620) 17°6 84°2| 12°8 - - 117°0| 226] 131°0| 316 
Portree . 62°0 12°5 92°38; 150] 1158; 15°83] 1150| 219 1241); 280 
Castle Newe . 710} 12°0 71°0 5°0 770| -—40 97°0| 22°0 919} 2407 1090; 280 
raemar 72°3| 11°8 88°3 9°8 90°2; -20] 1060} 212] 1065; 258] 1170; 300 
Aberdeen 640; 13°0 759| 13°0 79°0 90 753| 2190 86°77 | 19°3 97°4| 
Banchory 65°0 4°0 740 40 780 3°0 93°0| 15°0 900; 140 98°0; 23°0 
Kettins 11°0 14°0 - 9°0 18°0 ~ 22°0 - 26°0 
Perth . 9°0 85:0; 130 89°0; 12°0 97°0; 1040] 200] 105°0; 30°0 
Nookton. 560} 13°4 69°0; 80°0 9°4 13°4] 106°0| 21°44] 117°0| 
Dollar 617 | 19°7 737| 19°77 ~ - 97°7| 24°74 104°0| 307 
Cardross ‘ 15°0 170 - 23°0 - 24°0 35°0 
Balloch Castle 52°0 50 49:0; 10°0 65°0; 10° 88:0; 19°0 99°0| 220% 1160; 27°0 
Cairndow 170] 1069| 173] 122°5) 2334 1278) 276] 1416) 293 
Mor . 53°5) 15°5 60°3; 21°5 742) 17°4 97°5| 2109 309 
abus - - - ~ ~ - - - 
Paisley 11°4 15°0 74°0 - 80°5| 20°4 93°5| 20°4 24-0 
Glasgow . 123 89°2} 106 105°7| 20°71 120°77| 23:1] 131°7| 26°5 
Douglas Castle 62°6 7°0 760; 12°0 80°0; 100 850; 240] 1020); 200] 1110/ 
Smeaton. 770; 12°0 170 860; 1007 1010; 140] 1160; 170] 23°0 
Thurston ‘ 64°0| 20°0 84°0; 25°0 770; 190 92°00; 250] 1060; 220] 116°0| 26°5 
Thirlestane Castle . 82-0 907 1000) 150 7 1020 007 1180) 130] 1180} 120] 13850; 13°0 
South Cairn . 54°0| 240 540; 29°0 - 700; 30°0 750; 290 84:0; 39°0 
1354°0 | 302-9 1603°9 | 327°1 1509°0 | 204°3 1909°6 | 420°9 2264-5) 481-0 2494°7| 630°2 
+21 | +23 | +21 | + +18 | +20 | +20 | +22 | +22 | +23 | +22 | +: 
Mgans 64°5| 13°2 76'4| 14°2 83°8| r10'2 95°5| | 102.9] 20°9] 113°4| 
| 
January. February. March, April May. June, 
1867. 
Max Min. Max, Min, Max Min Max Min, Max Min Max Min | 
Sandwick 51°0 6°5 65°4| 178 70°2 6°0 76°5| 23°0 96°0; 21°5 94°4) 
Kirkwall 3°6 176 - - 19°5 89°5 | 33°0 
Stornoway 49°0 10 23°0 73°0 760 - 84°0 | 
Culloden 57°2 4°6 22°6 - 1000} 25°77 1130) 29°57 1340) 
Portree . 61°3 6°0 86°7| 20°0 93°5 1010} 25°07] 115°7; 258] 1193) 260. 
40} - | 20] - | 105] - 
Castle Newe . 63°0| -—9°0 96°0 2°0 780} 25°0 83°0; 250] 1086) 31°0 | 
Braemar 79°2 3°5 77°8| 88-0 0°0 25°2 86:0; 270] 1060); 35:3 | 
Aberdeen 74°3 8°4 19°5 93°0| 13°6 8472} 23°5 92°0; 23°0 94°5| | 
Banchory 69°0 3°0 83°0 9°0 80°0 85°0| 15°0 86°0 98°0| 220} 
Kettins 4°0 - 20°0 - 12°0 28°0 - 28°0 35°0 
Perth . GO} 180] - 91:0} 260] 980] 220] 1160) 25-0 | 
Nookton 55°0 6°4 72°0| 16°4 83°0; 10°4 99°0; 23°47 1080} 19°4] 344. 
Dollar 69°7 | 20°7 167 82°7| 26°7 84°7 | 31°7 93°7| 387 | 
Cardross ‘ 13°0 22°0 16°5 29°0 - 30°0 30°0 
Balloch Castle ~ - 58°0|} 15°0 71°0 9°0 89°0; 25°01 103°0 - 117°0| 340 
Cairndow 140] 1011] 20°17 105°8| 171] 106°3| 27°47 123°4| 248] 1241] 283 
Calton Mor - 8°5 - 20°0 15°0 270] 1040) 260] 30°0 
Eallabus . 67°5 - 79°0 90°4 - 95°2 ~ 106°1 
Paisley 59°5 5°4 68°5; 11°4 72°0 75°51 23°8 79° | 94:7; 33°9 
Glasgow 6°0 94°2; 156] 1100) 15:3] 1202) 2664 125°7| 2501 1346] 33°7 
Douglas Castle 59°0 2°0 81:0; 110 - - 70| 26°0 87°0| 22°01 31° 
Smeaton. 73°0 9°0 89°0;} 170 88°0 12°0 98°0; 260] 1080; 210] 1160) 30° 
Thurston 120 770| 235 21°0 84°0;} 31°5 95°0| 28°0 1040) 38°0 
Thirlestane Castle . - 820 - 95°0} 12:0] 100°0 10] 1020; 260] 1240; 22°0] 135°0| 
South Cairn . 18°0 - 54°0| 220 - 105°0; 300] 1100) 380 
1191°2| 135°9 | 1588°0 | 425°4 }1523°6 | 231°3:11903°6 | 554-3 | 2207-1 | 507-1 [2531-9 727-4 
+18 = +4 +24 +18 +21 +21 +22 +22 +20 +23 +23 
Means 66°2 79'4| 17°7 84°6; g0°6| 25'2] 100°3; 254] 31°6 
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TaBLE XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVIL, XXVIIL 


1966 July, August, September October November December 
Max Min Max Min Max Min, Max Min Max Min Max Min 
Sandwick ‘ ‘ 940; 322 942; 31°0 962; 78°4| 23°7 58°8 | 23°8 51°0| 
Kirkwall 92°4; 31°6 87°6 | 30°4 716) 21°5 21°9 23°6 
Stornoway . 960; - - 870; - 890} 2607 69°0) 1807 520; 20°0 
Culloden 1199] 3867 115°8; 38-8] 1012} 31°1 95°0 | 25°4 | 22°8 57°5 | 
Castle Newe . ‘ . | 31°0 87°0| 280] 1000; 23°0 70°5| 64:0; 19°0 
Braemar . ‘ P . 1210] 35°07 1202| 32°47 105°8; 280] 1250) 16-2 920; 17°0 73°3| 20°4 
Aberdeen | . 1 1050] 279 93°5} 28°0 23°5 98°8 | 26°2 83°0 70°0| 18°4 
Banchory 1110; 310 950; 28-0 91:0; 220 99°0; 19” 13°0 63°0; 100 
Kettins . - 33°0 32°0 28°0 25°0 20°0 - 
Perth 121°0; 330 1100; 26°0 - 780! 69°0| 180 
Nookton 1140} 1080} 33:4] 1060] 25-4 3°0| 23°4 66°00; 14°4 55°0|} 13°4 
Dollar . ; 107°7| 33°7 97°7| 33°7 96°7| 34:7 90°7 | 23°7 21°7 66°7| 23°7 
Cardross ‘ ‘ 42°0 - 40°0 36°5 270 - 22-0 - 23°0 
Balloch Castle . 1 1210] 3407 1010} 32°0 950; 27°0 22°0 ~ 18°0 - 200 
Cairndow | 13845) 33°0] 18323) 32617 1139) 3421 1129] 28-4 876 | 17°6 21°8 
Callton Mor . 1150} 38:0 95°1 35°0 20°0} 32:0 76°1 25°6 63°0| 25°0 
Eallabus . 119°5 - 102°8 105°0 99°1 79°5 - 74°4 
Paisley . ‘ . | 34°0 89°5| 29°4 82°5| 31°4 745 | 23°2 65°5| 18-4 61°5| 18°4 
Glasgow . ‘ 18382) 37°14 12971 1183} 322 23°4 83°0| 16°4 67°38 | 18:7 
Douglas Castle . 1 1120| 97°0| 32°00] 1000; 28°0 89°0; 19°0 78°0| 15°0 66°0; 21°0 
Smeaton . 1280; 31°07 1130] 320] 1050; 27°0 95°0| 23°0 88:0; 670; 200 
Thurston 1150} 35°04 35°0 34°0 94:0; 32°5 77°0| 250 26°0 
Thirlestane Castle . . | 1350; 2807 1190) 200] 1180; 200% 1130; 170 94:0; 850; 100 
South Cairn . 88°0| 42°0 75°0| 43°0 750} 40°0 - 
2491°2| 751°5 | 2268°8 | 746°3 | 2264°3 675°4 119726) 543°9 11479°6| 412°3 11238-4| 461-9 
+2 +22 +22 +23 = + +21 +23 +19 +22 +19 ~— 
Means 113°2| 34°2] 32°4 98°4| 29°4 93°9| 23°6 97°9| 18°7 65°2/| 
1987 July August. September October November, December 
Max, Min, Max. Min. Max. Min Max Min Max Min Max Min 
Sandwick 98°0; 260] 101°0; 280 92°3; 29°5 7172; 59°5 | 26°7 54°2| 22°0 
Kirkwall ‘ ‘ ; 87°6| 88°8| 30°4 | 22°4 ~ 14°8 - 20°4 
Stornoway . ; 95°0 ~ 94°0 21°0 740; 22°0 21°0 - - 
Culloden 388] 1170] 366] 102°0| 33°7 88°0 | 28:2 69°8 |} 26°7 55°0| 22°1 
Castle Newe . 1 1000} 1070; 94°0|} 26°0 96°0; 21°0 85°0;} 19°0 69°0; 190 
Braemar . 105°0| 37°6 31°8 24°3 - 25'3 19°0 
Aberdeen ; : 94°0;} 28°57 100°7| 27°5 99°0; 24°8 96°5|} 14°5 13°0 69:0; 12°0 
Banchory ; . 1 1000; 990; 28°07 100°0) 25°0 - 77°0| 120 64:0; 13°0 
Kettins . ‘ 36°0 41°0 32°0 24°0 - 24°0 180 
Nookton . 1170] 31°47 1210) 34°47 29°4 89°0;} 18°4 77°0| 20°4 80; 164 
Dollar . ‘ 99°7 | 31:7 - - 94°7| 34°7 | 267 84:7 | 247 65°7 | 20°7 
Cardross - 38°0 - 42°0 35°0 - 27°0 - 25°0 ~ 22°5 
Balloch Castle 1140} 32°00] 1070; 35°0 94:0; 250 72°00} 200 - 
Cairndow . | 30-4] 122°4;) 3807 116°8; 31°27 103°] 24°7 96°4} 226 7677 | 21°9 
Callton Mor . 1140] 1170] 37°8 36°5 83°5 | 24°0 - - 
Eallabus . 1210 - 119°0 97°0 - 86°5 74°0 50°0 - 
Paisley . 98:5; 33°8 89°5| 30°4 87°5| 32°0 765 | 73°5| 19°8 62°33; 148 
Glasgow  « 1847] $859 1840] 38:5] 1140] 29:7 972] 2281 75:5) 161] 575) 155 
Douglas Castle . | 109°0; 33°57 101°0; 40°0 91°0} 28°0 86°0} 22°0 17°0 61°0; 10°0 
Smeaton ‘ 119°0} 300] 1200| 370] 1100; 280 89°0 | 22°0 80°0; 20°0 15°0 
Thurston . 1060; 39°57 1100} 44°0 98-0} 41°5 §9°0 | 26°0 80°0} 27°70 65°0 | 22°5 
Thirlestane Castle . ‘ . 1 1260; 34°07 119°) 2607 21°07 111°0} 13°07] 10270; 18°0 1290 
South Cairn . . 1120| 4207 1120; 440] 1000; 38°0 85°0 70°0| 25°0 56°0| 25°0 
2230°6 | 657°1 | 2422°2| 768-7 | 2083°1| 693°6 11643°3 | 511°4 }1394°4| 461°3 379°6 
+20 +20 +22 +22 +21 + +19 +22 +18 +22 +16 +21 
Meaxs 329] 34°9f 99°2] 30°2] 23°2f 77°5| 63°2/ 
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Taste XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES, 


PROFESSOR C. PIAZZI SMYTH ON 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVIL, XXVIII. 


January. February. March. April. May, June, 
1868, 
Max. | Min. | Max. | Min, | Max. | Min. | Max. | Min, | Max, | Min, | Max, | Min, 
Sandwick 56°2| 17°7 58°4| 19°8 69°2| 25°4 85°2| 27°0 93°4| 29°1 912 38:0 
Kirkwall -- 18°5 15°0 - 777 | 88°7| 26°47 100°1| 33°6 
Stornoway 55 130} 750) 180 - 750; - - - 1030; 
Culloden 65°4| 16°6 772) 2667 1008) 226] 1050, 257] 1081) 266] 1803) 35°4 
Portree. - - | 210) - | - 
Castle Newe . 65°0 60] 67:0 23°0 760; 84:0, 24-0 88:0; 96:0, 
Braemar - 12°5 ~ 23°0 - 172 - 22°3 ~ 25°0 - 32°0 
Aberdeen 820; 92°7| 186 902) 186 902; 186 986 2772 
Banchory 59°0 9°0 780; 140 92°0; 15°0 870; 17°0 950), 16°0 96°0 27°0 
Kettins - 13°0 - 24°0 - 20°0 - 25°0 - 27°0 - 33°0 
Perth. 62°00; 120 750; 220] 1100; 180 900; 190] 1030; 240] 1230! 31°0 
Nookton 64°0| 12°4 750; 17°4 86°0| 16°0] 1020) 19°4] 105°0; 19°4] 1230) 31°4 
Dollar 640; 18°0 | - - ~ 99°7 | 35°7 
Cardross - 20°0 - 25°0 24°5 - 23°0 28°0 - 38°0 
Balloch Castle - - 60°0| 74:0} 20°0 96°0| 180] 1060; 200] 1230 320 
Cairndow 84°7 - 95°4| 248] 1095) 260] 129°4; 125°7| 27°5] 182°4) 
Callton Mor . 57°0 | 24°0 782} 25°0 1020} 2772] 1170 350 
Paisley . 66°1| 16°4 68°5 | 21°4 715} 2772 73°5 82°38; 230] 1022 342 
Auchendrane . - - - - - - - - 
Glasgow ‘ 757| 163 195] 1157) 187] 1195) 123°1| 26-7] 37° 
Douglas Castle 15°90 65°0| 23-0 94°0; 90°0; 19° 98°0| 23°0] 107° 31°0 
Smeaton 62°0; 130 85°0 | 21°0 90°0; 15°07] 1000 170] 1010! 170] 1160 300 
Thurston 59°0; 21°0 67°0) 24°5 82°0| 22°0 82°0 92°0| 260] 1110 380 
Thirlestane Castle . 77°0 9-0 910; 140] 1090; WO] 1110) 180] 1190) 150) 1150 280 
South Cairn . 54°0| 22°0 60°0 | 28°0 68:0; 29°0 82°0 28°0 32-0 40°0 
1040-1 | 281-4 1326-2 | 469-8 1605°3| 450°3 }1679°5 | 458-0 |1809°0| 524°5 12211-9 725-9 
+16 | +19 | +18 | +22 | +18 | +22 +18 | +21 | +18 | +22 | +20 | +22 
MEANS 65°0| 14°8 737| 21°4 89°2| 20°5 93°3 | 21°8 |. 100°5| 23°9] 110° 
January, February. March. April May. June, 
1869, 
Max. Min, Max Min. Max, Min Max Min, Max Min Max Min. 
Sandwick 54°2| 68:0; 75°9| 20°8 11°0 19°0 93°4| 26°5 
Kirkwall 20°4 64°6| 76°8| 20°0 95°38; 15°0 82°6| 13°9 85°5| 25-4 
Stornoway 58°0 65°0| 19°0 82°0 - 84:0} 140 83°0 95°0 
Culloden 69°0} 201 24°6 96°0| 176] 1120) 180] 111°7| 246] 1129) 278 
Castle Newe . 65°0| 10°0 69°0| 25°0 81°0; 17°0 97°0; 200 90°0| 12°0 99°0| 26°0 
Braemar - 15°3 - 21°8 - 17°0 ~ 21°0 - 20°6 - 26°2 
Aberdeen 73°3| 212 85°0| 25°6 22°8 89°3 | 23°8 85°3| 23°2 94:0) 340 
Kettins . 8°0 ~ 25°0 12°0 15°0 - 22°0 26°0 
Perth 65°0| 13°0 790} 21°0 94°0| 13° 1100; 200] 1200; 27°0 
Nookton 58°0; 19°4 23°4 96°0; 15°47] 1040) 16°47 1030) 26-4 
Dollar 54°77 | 25°7 707 | 267 | 23°71 103°7| 22°7 92°77 | 267 97°0| 347 
Cardross 24°0 30°0 - 25°0 - 26°0 29°0 32°0 
Balloch Castle 20°0 25°0 90°0| 17°0 110°0| 220] 1210) 
Cairndow 19°0 262] 1129) 169] 131°8| 21:3] 1370) 213] 24:8 
Callton Mor . 52°0| 24-0 62°0| 25°0 83°0 109°0 | 23:0] 1070; 25°07 1180) 28°5 
Ealiabus ~ 1005; 180] 1020; 23:0] 111°5| 
Paisley . 62°8| 17°4 79°5 | 25°4 80°7 90° | 91°5 20°4 94:1) 26°4 
Auchendrane 61°0; 21°0 69°0| 28°0 109°0| 23:0] 113°0| 190] 1220; 260 
tlasgow 21°5 88°3| 22°47 103°8 1145} 23°57] 242] 14071) 20-4 
Douglas Castle 59°0; 14°0 250 80°0 1020; 190] 101°0| 170] 1020] 25°0 
Smeaton 15°0 820} 21°0 90°0 105°0; 140] 1040] 180] 1160} 220 
Thurston 63°0| 22°5 73°0| 26°5 75°0 97°0 93°0| 102°0| 
Thirlestane Castle . 73°0| 15°0 91°00; 21°0 98°0 1120; 190] 1090; 180] 1170} 27°0 
South Cairn . 56°0| 27:0 58°0; 28°0 60°0 90°0| 85°0 | 98:0; 36°0 
1147°2| 415°8 | 1427°3| 552°0 11712°2| 410°4 633:1 
+18 | +22 |] +19 | +23 | +20 | +22 | +19 | +22 | +21 | +23 [| +21 | +23 
| Means 63°77 | 75°1| 24'0 85°6 19°5 | 100°7| 21°6] 108°7| 27°5 
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MEAN SCOTTISH METEOROLOGY, 239 


Taste XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


July. August, September. October, November, December, 
1868. 
Max. Min, Max. Min, Max. Min Max, Min, Max. Min. Max. Min, 
Sandwick . 103°2| 90°7 35°8 85°6 | 34°2 722); 230 54°2 14°0 18°0 
Kirkwall | 1007 36°1 23°4 $1°5;| 30°4 67°5| 13°4 15°4 
Stornoway. ‘ 98-0 - 100°0 12°0 88:0} 23°0 82°0 ~ 62° 15°0 
Culloden . | 1238 38°6 | 125°0| 37:4] 1072) 30°6 83°8| 65°0 17°4 55°8 18°6 
Castle Newe . . 1040; 300] 1100; 31°0 91°0' 29°0 §5°0 21°0 69°0; 180 63°0 180 
Braemar . : ; ‘ 2 - 35°0 - 28°0 - 22°8 - 19°0 18°3 
Aberdeen ; . | 104°3 26°9 | 127°3 2764 103°5) 35°] 92°3 740) 25°9 73°8 22-9 
Banchory - - - 1000; 220] 920; 120 a 
Perth . ‘ . 1 1250| 36°07 34°0 | 1200)! 31° 19°0 73°0 15°0 63°0 15°0 
Nookton . | 120°0 36°4 | 126°0 35°47 118°0| 26°4 86°0 | 74°0 15°4 54°0 17°4 
Dollar . | 1077 417 | 11477 39°7 | 1047 34°7 91°77; 270 ye | 570} 22° 
Cardross , 41°0 45°0 32°0 - 25°0 20°0 - 26°0 
Balloch Castle ; . | 1260) 35°07 1190 37°0 | 102°0| 15°0 57°0 10°0 - 
Cairndow ‘ . | 143°4 37°1 135°] 36°0 | 130°8| 27°7 125°8) 23°7 91°3 13°6 75°4 16°3 
Callton Mor . 123% 36°8 | 109°0 370 95°5 30°1 75°00) 250 54°2 19°5 
Paisley . - ~ 106°0 40°6 916) 26°4 20°9 72°5 14°3 64°5| 
Auchendrane - - - 790} 240 19°0 53°0| 20°0 
Glasgow 39°5 129°7 4137 1169) 90°3 240 75°1 16°3 66°7| 21:2 
Douglas Castle . 1120) 33°07 115°0 36°0 92°0| 25°0 89°0; 19°0 72°0 12°0 63°0; 15°0 
Smeaton ‘ | 117°5 34°0 116°0; 37°70] 1020; 31°0 91°0 18°0 75°0 16°0 700 15°0 
Thurston 112°0 410] 440} 1070) 36°0 91°00; 270 25°0 64°0| 23°5 
Thirlestane Castle . ‘ . 1 1210; 2507 1260) 3104 112°0| 87 °0 19°0 81°0 180 75°0 10°0 
South Cairn . ‘ | 1250 45°0 | 120°0 44°0 90°0| 35°90 720; 33°0 58°0 | 26°0 640; 28°0 
2108-4 | 715-1 778-2 | 2039°3 701°5 | 1804-1 | 509°1 11316-0| 402-2 11068-1| 391-7 
+18 | +20 | +19 | +22 | +20 | +24 | +21 | +23 | +19 | +23 | +17 | +21 
MEANS 117°! 35°81 35°4] 102.0; 29°2 85°90! 22°1 69°3 17°5 62°8 18°7 
| 
July. August. September. October, November. December. 
1869. 
Max Min Max Min Max Min, Max. Min, Max, | Min, Max. Min, 
Sandwick ‘ ; 38°5 90°7 30°0 87:0; 26°2 760; 58°6 15°0 49°7 11°3 
Kirkwall ‘ 94°0 39°9 87 °6 31°4 25°4 22°4 23°4 13°9 
Stornoway. - 84°0 86°0 84°0 62°0 17°0 47:0} 150 
Culloden 37°14 1180; 33°14 107°0| 107°0| 22°6 79°8 9°6 58°0 
Castle Newe . . | 1040) 38207 102°0 260 29°01 1000] 74°0 9°0 61:0; -—5°0 
raemar - 30°8 21°2 - 23°0 18°0 - 7°0 - 
Aberdeen 1000; 38:0] 109°3 2861 1190) 32°07 1157 27°0 85°7 67 °2 16°5 
Kettins - 34°0 - 24°0 - 30°0 - 21°0 - 12°0 - 3°0 
Perth 138°0| 35:0] 128°0 26°01 32°00] 1030; 200 12°0 
Nookton 116°0 34°47 1120! 23°47 23°4 900; 15°0 77°0 13°4 51:0 4°4 
Dollar 38°7 | 115°0 30°8 | 104°0|} 36°8 - ~ 68°0 15°0 
Cardross . - - 31°9 35°5 26°5 - 21°0 17°4 
Balloch Castle ‘ . | 1240! 38407 25°0 | 110°0| 30°0 83°00} 19°0 580; 13°0 50 
Cairndow | 133°5 35°5 | 134°5 34°5 117°) 25°17 109°1 18°0 86°2; 77°6 6°6 
Callton Mor . 1150) 39°07 105°0 29°1 | 109°9| 36°5 782) 24°0 69°9 18°1 8-2 
Eallabus . 109°0! 25°57 104°0 16°9 90°5| 23°0 - 59°0 48°0 - 
Paisley . F 98°7 34°6 | 103°5 96°0} 21°4 15°4 7°0 
Auchendrane 1240} 380] 112°0; 240] 107°0/ 29°0 910; 20°0 66°0 14°0 53°0; 10°0 
Glasgow 1846] 40°67 186-2] 2851 1279] 3836] 91:9] 210] 649) 125] 666] 77 
Douglas Castle . | 113°0 35°0 | 115°0! 21°0 §9°0; 310] 1100; 180 780; 10°0 71°0 6°0 
Smeaton ‘ 1100; 340] 117°0 22°70 | 100°0| 27°07 100°0| 20°0 760 10°0 60°0 80 
Thurston - 109°0 33°0 97°0| 36°0 970; 29°0 67°0| 20°0 54:0; 
Thirlestane Castle. 2 . 1170) 3107 1200; 210 98:0; 29°0 95°0;} 23°0 80°0 140 81°0 13°0 
South Cairn . | 110°0 40°0 115°0; 25°0 80:0; 35°0 82:0; 32° 60°0| 25°0 56°0; 200 
2171°9 | 791°6 | 2334-8 609-3 |2115°1| 696°0 1853°5| 464°0 | 1260°1| 318-7 211°8 
+19 +22 +21 +23 +21 +24 + 20 +21 +18 + +18 > 
MEANS | 114°3| 36°0 | 26°5 100°7| 29'0 92°7| 22°1 14°5 59°5 9°6 
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TaBLE XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January, February. March, April. May. June, 
1870 
Max, Min, Max, Min, Max, Min. Max Min Max, Min Max Min 
Sandwick . 543) 20°5 662; 136 75°1 19°3 8172; 31°7 9372; 2858 1022] 
Kirkwall ‘ - 219 - 17°0 177 81-1 83°5| 24°4 92°8; 20°4 
Stornoway. 500; 160 57°0 70 79°0 50 - 870| 89°00; 330 
Culloden 726| 166 §2°0; 139 960; 1667 113°8; 241] 119°8 27724 1198; 32:1 
Dunvegan.. 22°5 - 12°0 - 170 - 25°5 32°0 
Castle Newe . 69°0; 65°0 70 80°0; 16°0 - - 
Braemar 610; 750 901 1010) 130] 1123; 232] 1200; 275] 1283) 336 
Aberdeen 726| 172 910; 168] 1003); 202 - 140°'8| 286% 1482; 28° 
Kettins - 12°0 15°0 - 15°0 - 24°0 28°0 34°0 
Perth . : 57°00; 150 §2°0 12°0 140 - 1260; 
Nookton ‘ 65°0 9-0 75°0 1°4 93°0 8°41 1010); 22°47 1100; 23°47 1090; 29°4 
Dollar . é 67°77} 167 77°0| 13°7 ~ 95°7 77 31°74 377 
Cardross - 24°4 16°0 ~ 21°4 29°0 ~ 26°5 - 42°0 
Balloch Castle 50°0;} 65°0 4°0 770; 10°0 89°0; 120] 1150] 27°0 
Cairndow 793) 17° 99°5 957 102°1 163 25°2 | 127°4 1329) 
Callton Mor . 49°9 13°5 120 750; 189 890; 220] 1040) 195] 380 
Eallabus . 56°0| 23°0 20°0 750; 200 77°0| 25°4 94°0 - 100°2 - 
Greenock - - - 900; 320] 1000; 40°0 
Paisley . ‘ 69°5 |} 22°5 80°0 - - 94°5 95°0 - ~ 
Auchendrane . 53°0| 16°0 14°0 910; 170] 1040; 2507 1140; 230] 1220; 400 
Glasgow. . 179] 888) 78] 912] 160] 112-4) 256] 1173) 25-7] 1281] 379 
Douglas Castle ‘ 700; 15°0 740; 100 90°00; 140] 1020) 220] 1050; 2307 115°0| 36°0 
Smeaton 70°0 50 73°0 80 83°00; 130] 100°0 1907 1100; 2207 1140; 32°0 
Thurston 590 | 17°5 720; 180 810; 220 2701 1030; 325] 1020; 40°0 
Thirlestane Castle . ‘ . 85°0 70 - 10] 1020; 130] 1190] 180] 240] 1280] 34” 
South Cairn . P 500; 180 5620; 16°0 68:0; 19°0 780| 260 86°0| 26°0 950} 36°0 
1327°0 | 406°4 }1461°5 274-7 | 1656-7 | 362°8 1849°7 | 487°7 | 2225°7| 569°5 | 2478-2) 789°1 
+21 +25 a +24 +19 +23 + + +21 +22 +° +23 
MEaxs 63°2| 16°3 87°2| 15°8 97°4| 106'0/ 25°90 1126] 34°3 
1871 January February. March. April, May June, 
il. 
Max, Min, Max. Min, Max. Min. Max, Min. Max, Min, Max, Min. 
Sandwick ‘ 50°3 16°5 60°'1| 26°8 78°2; 21°5 972; 183] 1007; 245] 110°2; 25% 
Kirkwall 18°9 ~ 21°9 66°0| 20°6 11°4 12°4 ~ 22°4 
Stornoway. 50°0} 15°0 64°00; 86°0 9°0 86:0; 120] 160] 1040; 220 
Dunvegan - 24°0 18°0 180 23°0 - 26°0 - 27°5 
Braemar 60°0 4°6 189 | 198) 1100] 180] 1233] 23-0] 1203] 273 
Aberdeen 66°0| 99°0; 24217 1140; 130] 1803; 170] 13880; 200] 13883) 27°4 
Nookton . ‘ ‘ 57°0 7°4 750| 93°0 8°4 97°0| 17°43 1195) 15°27 11175] 272 
Dollar . ; ; ‘ - - 93°7| 217 - 1057 19°77 | 106°7| 
Cardross - 22°0 - 25°0 21°0 - 28°0 240 36°0 
Balloch Castle : 15°0 55°00; 180 750; 18°0 90°0; 2107 1120} 25°07 1020; 280 
Cairndow 76'1 93°5| 2254 112°7| 188] 1143) 25-8] 141°0 
Callton Mor . 48°5 122 68°5 27°2 840; 21°0 95°0| 2434 1000] 21:5 109°2| 33°3 
Eallabus 51°0| 20°5 67°0| 30°8 16°5 90°0| 2653 115°0) 22°87 113°0) 263 
Paisley . 64°0 75°5 83°5 106°5 98°5 - 
Auchendrane . ; 510} 110 740) 140 93°0} 13°07 1020; 220] 1190; 210] 1250; 30°0 
Glasgow 82°00; 97° 1104 117°5| 23°44 1328; 21:1] 13810] 322 
Douglas Castle 710} 70} 720} 120] 1130) 93:0) 150] 1060] 160] 1150] 25°0 
Smeaton ‘ 64°0 7°0 76°0| 19°0 93°0| 15:0] 1120) 170] 1030] 29°0 
Thurston 760} i790 79°0| 95°0|} 23°0 96°0; 25°04 103°0| 260] 1000; 340 
Thirlestane Castle . 90°0 3°0 $3°0! 200% 1200; 120] 1200) 160] 1290) 190] 1290; 26°0 
South Cairn . 480} 15°0 56°0| 240 72°00; 24°0 74°00; 26°0 860} 23°07 110°0} 30°0 
12175 | 310°6 1501°4| 485-4 1846°3| 369°3 11884-8| 453°5 | 460-9 | 2185-8 9 
> + +23 +22 = +22 +18 +22 +19 +2) 
MEANS 13°5 751| 92°3| 16°8 99°2| 20°] 113°t| 
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XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES, 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


1870 July. August, September, October, November, December, 
iV. 
Max, | Min, | Max. | Min, | Max. | Min, J Max, | Min, | Max. | Min, | Max. | Min. | 
Sandwick . . . . 429] 106:7| 325] 920! 335] 247] 589! 215] 529! 60 
Kirkwall . . . . 984! 330] 104-4] 270] 80-7| 23417 669] 214] 563] 200] - 7 
Stonoway . . 97°0| 400] 1050! 290] 890! 21:0] 870) 220] 640] 160] 480!) 60 
Culloden . . . 1250] 85:6] 125°3| 340] 111-2} 266] 216] 83-4] 156] 7°0 
336] - 3701 - - 32) - 180] - 10°0 
Castle Newe . - - - - - - - - 
Braemar . . . . 1283] 810] 1320] 368] 1160| 250] 1125] 230] 202] 637! 040 
Aberdeen . . . . 1453] 845] 301] 1256] 27-4] 1083] 230] 191] 40 
34-0] - 340] - 300] - 260] - 2000} - 0-0 
Perth . . . 1850} 820] 1820] 320] 1120] 240] 92:0] 200] 82:0] 180] 560] 20 
Nookton . . . . 1260] 33-4] 1130] 32-4] 1030} 28:4] 194] 144] 520] 7:4 
Dollar . 1247] 39°77 117-7] 35:7] 1077] 383-7] 109°7| 28:7] 91:3) 22:7] 707) 37 
Cardross 404] 35:4) - - 9-4) - - 10°0 
- - - 260] 650) 180] 70 
Cairndow . . . . 1403] 380] 1872] oe] - - | 1191} 252] 985] 166] 899| 9840 
CalltonMor . . . . 1090! 350] 1120] 320] 97:0] 280] 840| 252] 210] 500!) 840 
Eallabus . . . 1045] 360] 1175| 394] 99:0) - 89-2} - 69°0| 212] 650! 110 
Greenock . . . 990| 395] 31:0] 300] 75:0] 270] 210] 560! 
Paisley . 1105} 1100] - - 735| - 660| - 
Auchendrane .  «f 1190} 390] 1180] 810] 101:0) 330] 97:0! 240] 660! 170] 7-0 
Glasg «| 1280} 43°07 1300] 3221 1178! 308] 925) 255], 801) 190] -50 
Doegias Castle 1230} 37-0] 1200] 29:0] 1090! 25:0] 1150) 240] 91:0) 140] 700) 30 
Smeaton 1210] 381-0] 1140! 270] 1070! 220] 1000! 190] 830) 150] -1-0 
Thurston.  «f 1110} 41:0] 1100) 400] 1053), 340] 310] 850) 240] 580] 11°0 
Thirlestane Castle . «ff 1360) 340] 1840! 33:0] 115-0) 25:0] 1140) 220] 1070) 180] 900] 
South Cairn  «f 1100; 400] 115°0| 350] 780) 380] 85:0) 300] 220] 560] 12°0 
2490°4 | 838-6 | 2496-3 | 754°3 | 2049°8| 600-3 2013-4| 561-3 | 1683-4| 457-3 | 1282°3| 138-8 
+21 | +23 | +21 | +23 | +20 | +21 — +21 | +23 | + +24 | +21 | +24 
.-- » 36°57 32°87 102°5; 28°6 95°9| 76'5| 19°! 
1871 July, August, September. October, November, December, 
Max. | Min, | Max. | Min. | Max. | Min. | Max. | Min. | Max, | Min. | Max. | Min, 
Sandwick . . . 1182] 347] 1052) 309] - - | 210] 685] 183] 145 
$321 - 304] - 214] - - 19°4 - | 
Stornoway . . . 1060] 260] 1070} 270] 1030) 110] 100] 650) 50] 530] 11-0 
Culloden 1218] 375] 1195] 239] 230] 830] 187] 61:9] 15 
Dunvegan $45] - 3654 - 165] - 197} - 180] - 20°0 
Braemar 1240) 302] 12863] 31:3] 111-7] 237] 902] 202] 700! 160] 70-2] 11:8 
Aberdeen 1480} 34:5 134-7] 30-0] 1282] 24:7] 1139) 221] 693] 183] 55:3] 
Kettins 360] - 34:0] - 20} - 240} - 80} - 10°0 
Perth . oe - | 960] i80] 780! 150] 630] 90 
Nookton | 1205! 342] 1205| 352] 282] 89:5) 192] 67°5| 112] 505] 14-2 
Dollar 105°7| 42-7] 109°7| 40:7] 113°7| 327] 967) 267] 77:7) 197] 73:7) 147 
Cardross 43-0] - 410] - 320] - 305] - | 220] - 20°0 
Balloch Castle . | 1040} 340] 1100} 320] 90°0| 200] 700) 180] 520) 120] 550) 10-0 
airndow . | 132°8 - 134°1 - - ~ 102°8 - 90°9 
Callton Mor . 1010; 100°7| 37°2 22-0 25°0 - 20°0 15°0 
Eallabus 1130} 320] 1290] 31:0] 1020! 221] 23:3] 640] 182] 610] 145 
Auchendrane. . . . 1190! 39°0] 1240; 38:0] 1060) 270] 86°3| 240] 640] 160] 590; 13°0 
Glasgow . «ff 1245] 392] 1190) 367] 1188| 253] 230] 845) 143] 71:5) 1755 
Douglas Castle 1010} 340] 1280} 34:0] 1100} 220] 860] 180] 750! 120] 680) 11° 
Smeaton 1090] 340] 1100, 34:0] 1030] 280] 840) 200] 740 160] 15-0 
Thurston 101-0! 42:0] 112-0! 40:0] 106-0] 35-0] 920) 260] 890 210] 61:0! 23-0 
Thirlestane ane Castle. 1270} 320] 1340} 32:0] 1250] 25:0] 1150! 180] 99°0| 110] 880; 14-0 
South C  «f 900] 39:0] 92:0] 380] 880] 280] 740] 250] 240] 580) 20-0 
2061°5 | 744°7 | 725°8 | 1626-7 | 494°5 1626-1 | 479°S | 1829-9 | 364-1 1142-7 | 327-7 
+1 +21 | + +21 | +15 | + +18 | +2 +18 | +227 + +22 
35°51] 117'4| 34°6] 108'4| 24°7 21°8 73°9| 16°6 63°5| 14°9 
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Taste XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January. February, March, April, May. June. 
1872. 
Max, Min, Max. Min, Max. Min. Max Min, Max, Min, Max. Min 
Sandwick 20°5 712; 19% 186 87°0| 22°9 1170; 26°5 
Kirkwall - 23°4 63°7| 209 80°2; 12°4 96°0; 19°4 98°4; 23°47 1080; 30°0 
Stornoway 57°0 80 66°0; 17°0 84°0| 17°0 82°0 83°0; 180] 1060; 25°0 
Culloden 84:0; 90°83; 206 982; 16°19 1070) 25679 1150; 271] 1230) 33-4 
Dunvegan - 21°0 - 20°0 - 15°0 25°0 - 
Braemar 66°2; 143 702; 2027 1040) 1534) 1056) 25°77 1173) 1248; 323 
Aberdeen 177} 1040; 19°47 23°19 1200; 23°11] 1386°0) 246] 143°4| 28-4 
Kettins ‘ ~ 20°0 - 22°0 22°0 36°0 
Nookton. 57° | 1772 725 | 192 91°5| 17°2 92°5| 96°5| 222] 109°5| 
Dollar 717| 21°7 | 90°7| 187 91°7| 267 90°0| 26°0] 104:7| 26°7 
25°0 - 27°0 - 23°0 - 26°5 - 29°0 40°0 
Balloch Castle 54°00} 22°0 60°0| 20°0 750; 1790 0; 180 0} 20°0 98°0| 
Cairndow ‘ 79°1 96°6 - 105°9 112°1 119°9 ~ 120°8 - 
Callton Mor . - 67°00; 31°5 82°0; 19°5 25°0 93°0; 21°0 99°0| 34°0 
Eallabus 57°0| 20°0 67°0| 2772 17°38 96°5| 2457 230] 109°5| 
Paisley . 64°5/ 21°5 25°7 725; 19°0 755 | 22°0 900) 25°7 
Auchendrane . 60°0| 20°0 71°0| 25°0 80°0; 19°0 99°00; 1907 1150; 260] 1220; 34-0 
Glasgow . 80°9; 88°6| 2257 1012; 160] 113°4; 220] 119°) 246] 12270) 
Douglas Castle . 620; 14:0 83:0; 25°0 140 89°0 | 220 86°0; 23:0] 102°0| 32-0 
Smeaton . 60°0; 720; 17°0 84:0; 140 92:0; 21°0 94:0; 150] 101°0; 
Thurston 69°0; 230 86:0; 27°0 96°0| 25°0 95:0; 3800] 1010; 31°0] 1080/ 
Thirlestane Castle . 100] 980; 170 2007 1130; 25°07 1200; 200] 25-0 
South Cairn . ‘ 49:0; 220 500} 55:0; 200 680; 240 80°0| 26°0 90°0| 28°0 
1180°1 | 394°4 115163 | 492°4 1761-4 | 399°7 | 1900°3 | 490°6 [2048-0 | 465°1 | 2217°7| 638°5 
+18 | +21 + +22 | + +22 | +20 | +21 | +20 | +20 7 + +21 
Meaxs . 65°6| 75°38; 224] 881) 95°0| 102.4! 23°3] 
January, February, March, April, May. June, 
1873. 
Max Min, Max, Min, Max, Min Max, Min, Max Min, Max Min 
Sandwick §3°2| 20°5 63°0| 10°1 812) 20°7 94:3) 19°0 122°4| 26°5 
Kirkwall 219 60°9 2°9 78°9 | 22°4 105°4) 12°47 121°8| 25-4 
Stornoway . 55°0| 15°0 63-0 90 84°0; 19°0 850; 18°0 880; 140 23°0 
Culloden - - 932 8°6 - - - - - 
Braemar ‘ 69°0| 140 63°7 73 952; 1937 1150; 220] 1248) 220] 1270) 260 
Aberdeen 700; 200] 91°7 24% 1015) 184] 1170} 205] 1403] 190] 1848)| 
Kettins . ‘ 16°0 - 40 - 24-0 - 24°0 24°0 34°0 
Nookton 55°5 8-2 73°5 8°2 84°5| 172] 1015] 162] 1045) 172] 1175] 282 
Dollar . 64°7| 167 79°77 | 107 86°7 | 19°7 97°7| 19°7 101°7| 384°7 
= 25°0 - 20°0 26°0 - 29°0 - 30°0 39°0 
Ballock Castle 50°0; 180] 65°0; 100 67°0; 180] 1070) 200] 1100; 382-0 
Cairndow 766) - 98°9; - - - - - - 
Callton Mor 53°0| 13°0 670} 150 23°0 21°0 97°0; 1020); 
Eallabus. 54°6| 17°5 77°00} 11% 780} 210 92°0} 190] 1120] 220] 1220; 280 
Paisley . 65°0| 17°0 780; 12°0 75°5| 22°0 99°5| 20°5 94°5| 23°5 96°0; 33°5 
Auchendrane . 56°0; 130 87°00; 200] 1020; 19°07] 1180} 220] 1180/ 33° 
Glasgow . 19°0 92°00; 10°0 121°; 212] 1229) 23:2] 1840; 300 
Douglas Castle 86:0; 13° 91:0; 1050; 180] 1260; 200] 1080) 240] 111°0/ 
Smeaton . ‘ 66°0| 12°0 69°00; 110 780; 120 87°0; 16°0 93°0} 15°07 105°0; 23°0 
Thurston 66:0; 220 790; 19°0 9070; 99°0| 27°0 27°0 97°0| 
Thirlestane Castle . 87°0; 140] 102°0 - 1040} 15°0] 1200) 190] 1280] 200] 1200) 31°0 
South Cairn . 520; 64:0; 16°0 58°0; 180 750) 19°0 86°0| 22°0 95:0; 
1211°8 | 333°8 | 1537°6 | 210°7 | 1528°7 | 393°8 1815°9| 407°8 | 1728°4/| 382-3 | 2033-2)| 610°5 
+19 | + +20 | +20 | +18 | +20] + + +16 | +18 | +18 +20 
Means 63°38; 16°73) 84°9| I9°7] 100°9| 204] r08'o| ar'2} 113°0| 30°5 


| 
| 
| 
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Taste XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


1879 July. August, September, October. November. December. 
ia 
Max. | Min, | Max. | Min, | Max, | Min, | Max. | Min, | Max. | Min, | Max. | Min. 
Sand wick 4 1152) 33°19 1113] 29° 75°8| 22°5 64:7; 49°1| 
Kirkwall - 1168); 315] 11777| 30°4 97°9| 82°8| 23°9 - - 470; 189 
Stornoway . | 1060); 250] 1000; 23° 95°0; 15°0 720; 120 63°0 51°0 
Culloden | 123°] 325] 113°8; 339] 107°0| 1020; 89°9 | 20°7 61°2; 169 
Braemar | 13823) 320] 123°0| 31°37] 1072; 29 953; 206 67°3| 183 5°0 
Aberdeen | 147°2| 33°47] 29°07 128-0 8 1022; 23°6 890; 190] 160 
Kettins . ‘ 34°0 36°0 - 30°0 22°0 24°0 12°0 
Nookton ‘ 1245) 3127 1115) 33°27] 103°) 242 81°5| 172 70°5| 202 56°5| 102 
Dollar . ‘ 1167) 377 - 102°7 93°7 | 21°7 79°7 67°77; 157 
Cardross ‘ ‘ 41°0 42°0 35°0 - 30°0 - 23°0 
Balloch Castle 1100; 280] 1010; 780; 18°0 64:0; 15°0 2107 500) 160 
Cairndow ‘ | 144-4 - 138°6 - - - 744) 
Callton Mor . | 1050; 330] 1140; 33:0] 90° “0 780; 69°0| 23°0 570| 160 
Eallabus. ‘ . | 122-4] 31°54 1140/ 310 96°0; 79:0; 20°0 73°0| 120 520! 16°0 
Paisley . ‘ 1090); 330] 101°5| 32°0 96°5| 815; 19°0 79°5| 2407 680! 145 
Auchendrane ‘ - 1180| 370] 110°0| 370] 1080; 30° 820; 20°0 610; 200 52°00! 1990 
Glasgow 13810) 1322; 39°83] 1166) 30°57 1028! 250 86°2| 17° 690; 140 
Castle ‘ 1240; 31°07 1240; 330] 115°0| 230] 1090; 15°0 92°0; 140 750; 
Smeaton ‘ 111°0/ 23°07 1030; 2207 900; 180 85:0; 12°0 760; 66°0 80 
Thurston 1140) 380] 1040) 380] 95:0; 340 99°0| 27°0 61:0; 220 
Thirlestane Castle . | 13800; 2407 1280; 250] 1110! 200] 1060; 190 98:0; 21°0 80°0; 120 
South Cairn ‘ 98°0| 86°0| 36°0 72°0| 22°0 54°00; 50°0| 17°0 
2399°0 | 676°7 | 2171°6 | 640°1 | 1836-5 | 520°0 | 1663°6 | 398°3 1351°8 | 398-1 1213-1 | 306-7 
+20 | +21 4 + +20 | +18 | +20 | +19 | + +18 | +19 | + +20 
MEANS, 32°2] 114°3/ 32°0] 102.0} 87°6| 19°9 751| 60°7; 15°3 
1873 July. August September. October, November December. 
Max, Min Max Min Max Min Max Min Max Min Max, Min, 
Sandwick 117°2;} 383] 11271; 103°3| 30°5 811; 30°4 62°2; 572; 245 
Kirkwall 1143 | 32-4 99°6 | 95°4} 28-0 85°0| 26°7 55°6 | 18°7 
Stornoway 1030} 390] 1010; 320] 970); 250] 920; 65°0; 190 140 
en - - 292] 980; 81°8 20°5 72°33; 20°8 
raemar 1242; 30°4] 1210} 262] 29: 952; 162 68°38; 120 77°8; 200 
Aberdeen 129°2; 359] 30 135°5| - 23°5 - 22°9 - 22°7 
Kettins 40°0 38°0 - - - - 
Nookton. 1285} 372] 103°) 312] 1065; 28-2 915; 1627 162 57°5| 
1027 | 37°77] 101°77| 29°77] 97:7) = - - 
C 430] - 400} - 805} - - 230} - 245 
Castle 1140] 320] 95:0) 260 98°0; 200) 2007 530; 180 540; 200 
Callton Mor 300} 98°0| 35°0 95:0; 280] 780) 22-0 64:0; 200 53°0| 21°0 
Eallabus . 1110] 305] 1065; 33:0] 1030; 280] 19°0 57°0| 20°0 
Paisley . ‘ 97°5| 30° 315] 26°0 200] 69°5) 22-0 62°00; 21°0 
Auchendrane . 1210) 360] 1100; 370] 980); 84:0} 22°0 59°0; 21°0 53°0} 22°0 
ow ‘ | 1812) 340] 299] 1136); 88-2; 16°8 80°77; 19°0 67°0| 21° 
Douglas Castle | 1200; 35°07 1190) 340] 1270; 2807 1090} 180] 890; 140 65°0; 19°0 
meaton 1150; 30°0 250] 1070) 300] 920; 21°0 85:0} 700} 200 
urston 115°0| 41°0 97:0; 390 96°0| 32°0 86°0; 27°04 87:0); 2790 62°0| 26:0 
Thirlestane Castle | 1250; 32:0] 1160) 260] 1250; 220] 1110; 180 - - 19°0 
South Cairn . 290; 30°0 850; 310] 720) 28°0 750; 180] 580; 180 54:0} 
1964°1 | 657°2 | 1913°1 | 640°2 | 1999°6 | 565°2 | 1608-2; 420°4 [1113°1| 354°6 | 917°8| 388°6 
+17 | +19 | +18 | +20 | +19 | +20 | + + + +18 | + +19 
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Taste XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January. February. March, April, May, June. 
1874. 
Max. Min, Max Min Max Min, Max Min Max Min Max Min, 
Sandwick 59°2 | 220 | 203 752; 2459 105°2| 25: 
Kirkwall 20°4 14°4 - 21°4 97°6| 2467 1082; 192] 1085) 316 
Stornoway 51°00 | 14:0 770; 16°0 89°0 90} 107°0; 19°0 90°0; 15°07 1040] 23° 
Culloden 87°1 20°6 86°0| 15°6 1105 | 256] 1181] 289 
Braemar 73°8 122 786; 140] 113°; 15°47 119°0| 192] 1200] 180] 13810] 
Aberdeen 19°7 21°6 - 220 25°8 - 27°2 - 30°9 
Nookton 625 | 172 73°5 9°2 90°5| 13°2] 1005); 182 22°27 1195) 242 
Cardross - 26°0 - 17°0 29°0 - 27°0 ~ 30°5 
Balloch Castle 50°0 | 20°0 65°0| 15°0 750; 12°0 96°0| 24°0 98°0; 260] 1150; 
Callton Mor . 60°0 | 21°0 68:0; 19°0 73°0| 220] 92:0; 29°0 270] 102°0| 340 
Eallabus 57°00 | 230 - 200 1040) 23°59 1230) 21:0] 1290| 27°5 
Paisley . ‘ 62°5 | 25°0 67°5| 15°0 10°5 97°5| 25°0 23°0 99°5| 25°0 
Auchendrane . ‘ 58°0 | 250 670| 15°0 130] 108°0| 200] 1100] 220] 1270; 280 
Glasgow 74:0 | 23°0 913} 18°0 92°4; 153] 260] 1107; 2414 .195°0| 25°0 
Douglas Castle 69°0 | 20°0 91°0; 170] 105°0| 140] 121°0; 240] 1230; 200] 25°0 
Smeaton 790 | 22°5 85°0 9°5 93°0| 165] 101°0| 23°55 96°0| 220] 107°0| 23°0 
Thurston 79°0 | 25°0 89°0| 21°0 92°0; 22217 1060; 290 940; 280] 1020; 
Thirlestane Castle . - 210 10°0 13°0 20°0 - 16°0 22°0 
South Cairn . 52°0 | 22°0 56°0| 15°0 760; 20°0 90°0; 20°0 95:0; 27°0 
| 399°6 | 1064°6 | 268°6 | 1187-4 | 296-0 | 1537°5 | 430°3 1672°0| 429-1 11688°6| 496-6 
+15 | +19 | +1 +17 | + +18 | +15 | +18 | + +19 | +15 | +18 
MEANS. | 64°99 | 76'0| 15°8 84°8| 164] 102°5| 23°9 104°5| 22°6] 112°6| 27°6 
January February March. April. May June, 
1875. 
Max, Min Max | Min Max, Min, Max Min Max, Min Max Min, 
Sandwick 57°2| 16°5 64:2; 21°5 79°2| 94:0} 25°6 - - - - 
Stornoway 53°0;} 15°0 740; 11°0 87°00; 140 970; 180 07 1040; 
Braemar 710; 15°4 763 507 1013; 172] 1170; 19°83] 119°) 29°0] 123°0; 28°8 
Aberdeen ‘ - 12°5 169 - 26°6 30°4 30°5 - 33°2 
Nookton 55°5 62 65°5| 102 88°5 101°5| 152] 1045] 262] 1005) 272 
Balloch Castle 50°0 55°0| 12°0 700; 15°0 90°0; 15°0 85°0 30°0 98°0| 30°0 
Callton Mor . 55°0| 64°0; 180 810; 200 91:0; 23°0 89°0; 32-0 95°0| 35°0 
Eallabus 63°0| 73°0| 15°0 83°0; 160] 1040; 205] 1100} 2657 1140; 285 
Paisley . ; 66°5 55 725); 140 705); 16°0 915; 16°0 905} 29°07 1005); 29°0 
Annanhill ‘ 62°0; 18°0 74°00} 2057 1080} 190] 131°7| 23°5 135°2| 37°0 
Glasgow 59°5 92 60°8| 148 73°2| 15°7 83°9| 89°9;} | 32:2 
Ridge Park . ; - ~ - - 1040} 36°0 
Douglas Castle 81:0; 140 83°0| 870} 150] 1000] 170 90°0; 280] 1040; 
Smeaton 75°0 1°0 120 85°0| 145] 1020} 22597 113°) 275] 1050) 
Thurston 730) 140 21°0 800; 230] 1050; 97°0| 35°07 106°0| 35°0 
Thirlestane Castle . 85:0} 12°0 81°0 70 92°0; 150] 1060; 103°0| 180] 109°0; 200 
906°7 | 195°3 | 992°3| 214-9 }1185°7| 271°6 }1414°6| 308-6 365°6 }1485-1| 448-4 
+14 |} +15 | +14] +15 | + +15 | + +15 | + +13 | + +15 
MEaNs 64°83; 13°0] 7o'9| 14°3] 84°7] 206] 106'r| 29'9 
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TaBLe XXVIa. continued.—_BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 
A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVIL, XXVIII. 
| July. August, September, October. November. December. 
Max, Min Max Min Max Min Max Min Max Min Max, Min 
Sandwick ‘ : 35 96°7 | 34°0 93°0| 33°4 ~ - - 55°2 13°3 
Kirkwall - - - - - - - - - 
Stornoway. . 1 1060} 300] 1060) 310 880; 25°0 750| 220 - - 49-0 11°0 
Culloden . | 1280) 373 318] 1163; ~ - 57°9 6°6 
Braemar . . | 129°) 300] 1263) 29-0] 111°8; 280] 1100; 182 90°0 12°3 50 
Nookton ‘ ; 1145] 3827 1105) 312] 102°5| 272 89°5| 21°2 67°5 15°2 48°5 2 
Balloch Castle . | 1200} 39°07 1020); 320 32°0 63°0; 25°0 55°0 20°0 45°0 50 
Callton Mor . . 1.1100; 400] 1030) 380 90°0; 340 76°0 0 66°0 250 55°0 14°0 
Eallabus . | 1220) 29°51 1175) 29°0 97°00; 31°0 91°0; 240 67 °0 24°0 75°0 12°0 
Paisley . . . 380 97°0| 34°0 94°5| 30°5 84°5| 24°5 69°5 19°0 61°5 5°0 
Auchendrane . . | 1250) 380] 1180) 360 99°0; 350 93°00; 240 20°0 49°0 80 
Glasgow . | 105°2| 93°4| 302] 106°4| 23°8 73°8| 23°2 66°8 48°0 5°5 
Douglas Castle ‘ . | 1210] 33°00] 1250; 3501 109°0| 310] 1040) 240 89°0 18°0 70°0 50 
Smeaton ; 1210) 38557 315] 102°0) 88°0 22°0 78°0 14°6 15 
Thurston ‘ 1100; 420] 1080; 40°0 96°0| 350 96°0; 30°0 86°0 58°0 13°0 
Thirlestane Castle . ‘ - 32°0 28°0 - 27°0 - 24°0 - 15°0 —6°0 
South Cairn . ‘ . 110°0|. 32°0 95°0| 27°0 - - 68°0| 23°0 62°0 20°0 - - 
1747°3 | 642°8 1 1630°4| 550°1 1390°5| 480°8 | 111°8| 355°5 | 855°8 | 269-8 | | 112°9 
+15 +18 +] +17 +14 +16 +13 +15 +12 +14 +14 = 
MEANS 116°5| 35°7 | 108°7| 32.4] 99°3| 30°0] 85°5| 23°7] 71°3| 19°3] 57°7 
sare July August September, October, November, December 
(0. 
Max, Min Max Min Max Min Max, Min Max Min Max. Min 
Sandwick . ; ~ 1142! 350] 1062 28°0 852; 28°3 18°5 - 
Kirkwall ‘ : - - - 64°5 “ 
Stornoway . . 1120] 29°0 98°0 29°0 98°0; 32°0 25°0 570} 20° 15° 
Braemar . . | 1340) 320] 125°8; 31°87 115°4| 27°0 923; 232 68°8 3°0 69°0; 11°8 
Aberdeen ‘ 3 34°5 - 40°5 - 312 - 28°0 - 16°7 - 22°1 
Nookton 1165 102°5 99°5; 31°2 82°5| 23° 63°5| 16°2 50°} 182 
Balloch Castle 1100! 30°07] 1100; 33°0 90°0; 25°0 22°0 10°0 550 5:0 
Callton Mor . 1080) 38607 10380; 970; 30°0 76°0| 27°0 60:0; 16°0 61°0| 16°0 
Eallabus 1180; 300] 3207 1040; 330 80°0 |} 68°0! 160 52°0; 12°0 
Paisley . 10385; 2707 1055| 97°5 | 23°0 22°0 755 | 220 63°5| 11°0 
Annanhill . | 18674) 136°4| 42°07 1260; 36:5] 1130; 286 87°5; 19°0 69°5 | 17°0 
Glasgow « 1067] 820] 89-4) 371] 920] S15] 741] 26] 648) 90] 578] 89 
Ridge Park . . 1015) 375] 1000; 38°57 101°0) 36°0 27°0 70°5| 17° 
Douglas Castle : 1080; 300] 1160; 33:0] 126°0; 27°0 900; 21°0 87°0 9°0 79°0 9-0 
Smeaton 1100] 2557 1090) 3815 1040) 25°5 97°0| 770; 12°5 68°0| 15°5 
Thurston 1100] 360] 113°0| 4409 1080) 35°0 28°0 860; 61°0| 24°0 
Thirlestane Castle . . 1150 2501 1220; 32°07 1170; 99°0; 18°0 98°0; 12°0 71°0 7°0 
1589°6 | 442°5 | 1668°3 | 523°5 1581°6  477°9 1339°1 | 383-4 11080°0| 2389 859°3| 208-5 
+14 +14 +15 +15 +1 +16 +16 +16 | +15 +16 +14 +15 
MEaNs 7 113°5| 31°69 34°9 105°4| 29°9 83°7| 24°0 72°0| 61°4| 13°9 
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XXVIA. continued —BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVIL., XXVIII. 


| January, February. March, April. May. June, 
| 1876. 
Max. Min. Max, Min, Max, Min, Max, Min Max Min Max Min 
Sandwick 543) 20°56 ~ 65°7| 24-0 - 845) 28°57 1043) 
Kirkwall - - - - - 90°6 108°6 
Stornoway 180 ~ 11°0 18°0 15°0 20°0 32°0 
Culloden 88°0; 11°8 135] 1020; 139] 1235) 199] 13800] 196] 1359) 316 
Braemar 65°2 9°0 780; 100 96°38; 112] 1080) 163] 1192] 194] 1800! 272 
Aberdeen 16°1 ~ 20°2 - 18°7 21°4 277 - 
Ochtertyre 1030; 140] 1050] 170] 1110) 140] 1220) 140] 1090! 2201] 1230!) 30-0 
Dollar . 727) 177 84:7; 217 94°7| 21°7] 104°7| 28°71 1167] 367 
Balloch Castle 550; 11°0 460; 11°0 12°0 98:0; 100] 1000] 1250! 25-0 
Callton Mor 65°00; 180 660; 20°0 720; 200 910; 95°0| 2703 1060; 32°0 
Eallabus 65°0| 15°0 760; 15°0 - - - - 
Paisley 69°5| 19°0 62°55; 140 65°5| 14°0 ~ 16°0 - 18°1 - 
Annanhill 6177; 19°0 81°4; 200] 1045! 175] 124-7) 180 - 
Glasgow §4°2; 15°5 59°00; 145 599 | 769; 160] 13832) 212] 302 
Ridge Park 53°0|; 180 56°0| 20°0 64°0| 81°00; 20°0 96°0| 23°07 1080); 34:5 
Douglas Castle 12-0 810; 100 83°0| 14°0 87°0| 970; 200] 109°0; 29°0 
Smeaton 67°00; 10°5 72°0| 12°5 69°0| 16°5 91°0| 12°5 92°00; 16°57] 1040; 
Thurston 700; 150 810; 75°0| 23°0 93°0; 18°0 98°0| 2704 105°0; 38-0 
Thirlestane Castle 72°0 5°0 83°0 900; 130] 1020 104°0 - 120°0 
1093°6 | 265°1 1 1124-6 | 260°4 | 1218°1 | 285°7 | 1292°8| 257-8 | 1453-2 | 333-7 11629°3| 407-2 
+16 +18 + +17 > +17 +] +15 > +15 +14 +13 
Means. 68°4| 147 15°3 81°2| 16°8 99°4| 17°2] 103°8| 22°2] 31°3 
January, February, March April, May June 
1877. 
Max. | Min, | Max. | Min, | Max. | Min. | Max, | Min, | Max. | min. | Max. | Min 
Sandwick 46°6| 16°0 50°1| 19°7 - 79°2| 175% 1063) 38-4 
Stornoway - 10°0 14°0 16°0 ~ 21°0 - 22°0 35°0 
Culloden - ~ 109°0; 166 - 123°2| 202 - 
Braemar . 4°0 ~ 16°0 120] 1150; 150] 1190) 164] 132°3| 203 
Aberdeen - 17°4 - 19°0 14°0 23°1 36°7 
Ochterty re 770; 1090 92°0; 21°0 21°0 89°0; 21:0] 103°0} 210] 129°0| 340 
Dollar . a 177 84°7| 197 86°7 | 23°7 88°7| 22°74 106°7| 
Balloch Castle 47°00; 12°0 §2°0; 15°0 55°0| 15°0 65°0| 18°0 - ~ 
Callton Mor 57°0| 59°0; 65°0; 19°0 80°0; 22°07 1050; 210] 1000) 39°0 
Eallabus 55°0| 15°0 65°0; 19°0 780; 16°0 84°0| 23°00 97°0; 18047 31° 
Paisley . 62:0; 130 68°5| 13°0 98°5| 77°5| 17°0 745) 16°0 94°5| 320 
Annanhill ‘ 65°0 | 20°7 85°0 95] 10271; 200] 109°8; 250] 1229] 23-01 136-4! 
Ridge Park 51:0; 160 590; 13°5 740) 16°5 780; 21°0 82°00; 2208 1110; 36°0 
Douglas Castle 660; 49:0; 140 11°0 87°0; 180 17°0 92°0; 31°0 
Edinburgh = 20°0 - 165] 180 - 24°5 ~ 
Smeaton 67°0| 11°5 80°0 12°5 78°0| 10°5 87°0| 15°5 92°00; 1657 1000); 255 
Thurston 780; 75°0| 23°0 82°00; 19°0 89°0| 86°0; 27°07 1050! 36°0 
Thirlestane Castle 79°0 6°0 930 50 | 1040; 10°0 99°0; 150 99°0; 17°00] 113°0| 
906°1 | 254°4 | 910°3 268°4 11212°3 269°3 11147°0| 304-3 11359°5| 321°8 5026 
MEANs 64°7| 14°! 7o’o| 15'8 86°6; 15°8 88°2| 20°3 97°I| 33'S | 


a! 
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TaBLE XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


1876 July. August, September. October. November, December. 
16. 
Max Min Max Min Max Min Max Min Max Min Max Min 
Sandwick 1045 | 35°6 93°4| 36°5 7772; 33°5 63°2| 32°5 ~ - 26°1 
Kirkwall 98°6 78°6 91°1 - - - 
Stornoway 35°0 36°0 35°0 - 24°0 - 24°0 
Culloden 139°8| 37:7] 141°7| 33°83 1305) 289] 122°4| 246 
Braemar 129°8; 303 1270) 31°72] 27°4 68°38; 220 
Aberdeen - - 34°2 - 30°1 5 24°8 
Ochtertyre 1180} 360] 121°0; 320] 1110| 270] 1030) 290] 1000; 140 760} 21°0 
Dollar . 110°77| 40°77] 117°7| 104°7| 34°7 94°7| 33°7 9177 | 187 64°7 | 23°7 
Balloch Castle 1200; 35°0] 1150; 300] 1020} 25°0 65°0| 22-0 65°0| 14:0 16°0 
Callton Mor 105°0| 350] 1070); 33°0 910; 29°0 83°0 | 26°0 20°0 58°0| 25°0 
Eallabus 1200; 31°0] 117°0| 320] 104°0| 25°0 87°0| 27°0 710; 20°0 57°0| 24°0 
Paisley 36°0 - 280 26°0 27°0 120 21°0 
Annanbill . | 13882] 390] 1362] 300] 1280) 123°0| 250 94-2; 187 6172; 25°0 
Glasgow . | 133°7| 32°07 1268; 312] 1240) 286 113°2| 22°8 99°3) 66°38; 216 
Ridge Park . 1050) 40°07 119°0| 31°5 880; 32°0 74°00} 29°5 59°0| 49°5| 24-0 
Douglas Castle ‘ 1030] 3307 1180; 280] 1020! 280 85°0 |; 24:0 86°0; 11°0 66°0 | 20°0 
Smeaton ‘ 1150) 2657 1150) 265] 1030| 285 94°0| 24°5 720; 165 68°0| 20°5 
Thurston .| 1160; 380] 1010) 380 101°0| 83°0 25°0 710; 
Thirlestane Castle . ‘ . | 123°0 122-0 1030; 290 920; 21°0 81:0; 12°0 79°0 9°0 
1880°3 | 559°8 | 1872-4 | 549°6 | 1675°6 | 540°0 1300°5 | 455°7 | 964°2| 251°5 | 939°7 | 375°7 
+1 +16 | + +17 | + +18 | +1 +17 | +12 | +15 | +15 | +17 
Means. - 117°5| 35°09 117°0|} 32°3] 104'7| 30°0 92°9| 27°0 80°4| 16°8 62°6| 
1877 July. August, September, October. November, December, 
Max. | Min, | Max. | Min. | Max, | Min, | Max. | Min. | Max. | Min. | Max. | Min 
Sandwick 1061; 40°3 90°7| 23°5 63°4| 22°4 512) 15°5 
Stornowa 37°0 37°0 30°0 25°0 24°0 - 
Braemar 136°0; 33°83] 134°0| 252] 1280| 254] 1144; 97°6| 153 84°0 9°0 
Aberdeen - 39°2 - 34°2 - - 22°8 - 21°9 9°6 
Ochtertyre 108°0| 370] 1220; 240] 1190) 290 1120; 95:0} 170 75°0| 120 
Balloch Castle 100°0| 320 93°0| 28°0 60°0| 22°0 52°0; 15°0 
Calilton Mor . 200, 390) 1000; 300 90°0| 27°0 700; 25°0 65°0; 26°0 180 
Eallabus 1090; 30°07 1080; 33°47 1050) 260 79°0|} 23°0 710; 25°0 60°0| 
Paisley 86°5| 33°0 89°5| 29°0 90°0; 210 86°5| 24°0 715} 20°0 61°55; 140 
Annanhill . | 133°0; 39°0 - - 100°3 | 251 27:1 60°0 | 200 
Ridge Park . 77°5| 36°0 86°0| 30°0 85°0; 25°0 63°5| 240 49°5; 20°0 
Douglas Castle 33°0 92°00; 103°0| 250] 103°0| 23°0 86°0 | 22°0 58°0| 15°0 
Edinburgh... 309] 1165) 270) 180] 810) 170] 17-4 
Smeaton 98°0| 305] 960] 265] 900] 235] 870] 165] 760| 135] 640) 155 
Thurston ; : 94:0; 41°0 99°0| 3870] 1000; 35°0 89°0|} 27°0 81:0; 66°0} 18°0 
Thirlestane Castle . 1090; 1120} 290) 1120] 270] 1030; 17°0 97°0|; 16°0 700; 140 
1333°8 | 533°5 112502] 476-9 11323-2| 417-3 1284-8 | 356°9 }1157°8| 358°9 | 938°9 272-7 
+13 | +15 | +12 | +15 J +1 +15 | +14 | +16 Ff + +17 | +15 | +17 
1026 rog'2| 27°8 22°3 77°2| 21° 62°6| 16'0 | 
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Taste XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January, February, March, April, May. June, 
1878. 
Max, Min Max Min Max | Min, Max Min Max. Min Max Min 
Sandwick 53°4| 23°5 64°2| 662) 155 23°5 1122; 27°4 
Stornoway 61°0; 180 - 0 18°0 - 22°0 - 28°0 - 27°0 
raemar 110] 1080; 19°77 1060 17] 1293) 13820! 198] 1410! 27:7 
Perth - 26°0 89°0; 20°0 97°00; 2507 1040; 310] 1200) 340 
Ochtertyre. ; ; ‘ 89°0; 15°0 95°0| 23°07 101°; 170] 1030] 200] 1110} 280] 1150) 290 
Dollar . «+177 66°7 | 24°7 88°7| 16°7 - - ~ 108°7| 32°7 
Balloch Castle 15°0 57°00 | 27°0 - - - 
Callton Mor . 58°0| 20°0 65°0 | 29°0 80°0| 18:0 960; 240 95°0} 33°07 102°0| 32-0 
Eallabus ‘ 210 720| 23°0 730; 170 950; 2007 1130; 270% 1160) 270 
Paisley . 11° 55°5| 19°0 83°5| 11°0 86°5| 15°0 93°5| 23°0 240 
Annanhill 64°77; 17°4 775 | 260] 115°2;) 20°0 1409; 31°0 
Ridge Park . 53°35) 68°0 | 23°0 69°0| 20°65 87°0| 25°0 29517 1070) 280 
Douglas Castle 800; 140 80°; 17°0 87°00; 13°0 94°00; 17°0 92°0; 23°07 1090; 220 
Edinburgh : ‘ 100 860; 97°4; 129] 1088) 165] 1200 0 
Smeaton 700) 12°5 79°0| 89°0| 14°5 91°0; 185] 1000; 185] 1135) 195 
Thurston 77°0| 19°0 27:0 79°0| 23°0 85°0 24°0 94°0; 33°00] 1050) 34-0 
Thirlestane Castle . 770 7°0 120 130] 1020; 180] 106°0 07 1160); 260 
1091°4 | 249°6 [1223-9 381°3 1316°0| 251°8 | 1259-7 | 281°5 11252°0| 344-8 11604°8| 421-3 
+16 +16 +16 +17 +15 +16 | +1 +14 +12 +13 +14 +1 
MEANS. 68'2; 15°6 76'5| 22°4 87°7| 15°7 96°99} 20°r 104°3/ 26°5 114°6| 
‘aro January February, March, April, May June 
Max. | Min, | Max. | min, | Max. | Min, | Max. | min, | Max. | Min. | Max. | Min 
Sandwick ‘ 60°1 9°5 65°2| 16°5 77°2| 147 84:1 | 205 962; 229) 1042) 36°5 
Culloden > 73; 100 - 1100 78] 1245) 215 1310) 2094 1340] 32°5 
Braemar 64°8 3°0 99°0 40] 1212; 160] 1220) 160] 133°8| 172] 1348] 202 
Ochtertyre . 89°0; 94°0; 11°0 92°00; 170] 1010; 210] 1100] 220] 1070] 30°0 
Dollar . ‘ 767| 137 80°7| 16°7 74°77| 167 89°7 | 24°7 87°7 |, 26°7 95°7| 32°7 
Balloch Castle ‘ 45°0 3°0 61°0| 150 60°0| 14°0 80°0| 20°0 90°0| 16°0 700} 28°0 
Callton Mor . 55°0| 13° 65°0 20°0 66°0; 100°0; 31°0 
Eallabus 9°0 62°00; 16°0 70°0| 15°0 82°0| 91°0; 21°0 93°0 29°0 
Paisley . 73°5 715); 13°0 §2°5| 15°0 775} 19° 89°5| 16°0 93°5| 32°0 
Annanhill 565 | 14°5 717) 151] 21°59 1176] 21°7 : 131°7| 
Ridge Park . 13°0 59°0 67°0| 12°0 790} 24-0 84°0| 23°5 99°0| 33°5 
Douglas Castle 65°0 ‘0 84°0 5°0 80°0 9°0 92°0; 15°0 13°0 95°0 | .26°0 
Edinburgh ‘ = 735) 157 - 90°0; 213 104°0) 193] 1160] 27°0 
Smeaton 60°0 10 66°0 6°5 6°5 88°0; 15°5 98°0; 15°5 98°0} 22°5 
Thurston 71°00; 15°0 710; 15°0 80°0| 22°0 86°0| 25°0 92:0; 910; 32°0 
Thirlestane Castle . 77°0 00 82°0 101°0 407 1000; 120] 1160} 150] 1200] 260 
1057°9 | 134°7 1105°6 | 181-5 }1351°3 | 209-2 [1514-4 | 297-2 1530-2} 274-0 11794-9| 479-1 
+16 | +16 +15 +15 + +15 +16 +15 +15 +14 +17 +16 
MEANS 66°1 8*4 93°97; 84°5| 13°9 94°6| 198] 102°0| 1056] 29'9 
| 


| 
| 

| 
| 
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TasLeE XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


July. August, September, October November, 
1878. 
Max, Min Max Min, Max Min Max. | Min Max, | Min, | Max. | Min 
Sandwick 1030; 4177} 1082) 323] 1050; 380 27°5 57°4| 183 50°2; 137 
Stornoway ~ - 360 34°0 25°0 ~ - - 
Braemar . 1475} 3170] 141°0| 29°7] 126°0| 29°47 116°7; 220 90°0; 148 10 
Perth . 1270; 1240; 35°01 1130); 340 98:0; 26°0 85:0; 17°0 63°0 50 
| Ochtertyre 123°0; 340] 1190; 360] 1150! 320] 1070; 230 88:0; 200 790; 11°0 
‘Deller’. 109°7| 29-7] 108:7| 39-7] 105-7| 33-7] 97-7) 2871 867| 2171 727| 97 
Balloch Castle 115°0| 370 - 1900; 300 26°0 58°0; 1770 40°0 80 
Callton Mor . 1110; 360] 96°0| 38° 82°0; 29° 63°0 610; 
Eallabus 115°0} 33°70] 104°0| 340 97°0| 33°0 78°0| 240 59°0|; 57°0 80 
Paisley . 102° | 360] 1045); 3401 1005) 31°0 93°5| 19°0 84°5| 160 69°5 2°0 
Annanhill 13677 | 400] 1359) 42°67 125°2| 3251 260 76°4| 213 - - 
Ridge Park 1170; 400] 1160; 40°0 90°0| 73°0| 27°5 56°0| 17°0 46°0 2°0 
Douglas Castle 106°0;} 32°04 1110; 3107 270 96°0; 19°0 750; 14°0 60°0 2°0 
Edinburgh - 125°0| 33°3 - - 103°0| 25°0 72°5| 195 - - 
Smeaton 1140; 265] 1110) 305] 105°0) 20°5 93°0; 17°5 15°5 62°0 0°6 
Thurston 108°0; 40°07 107°) 41°07 1020] 38°0 950; 3190 79°0| 25°0 73°00; 10°0 
Thirlestane Castle . 123°0; 310] 112°0; 35°0] 123°0/ 250] 1080; 210 910; 15°0 77°0 3°0 
1758°4 | 523°9 | 1735°3 | 564°1 11615°4 | 512°1 | 1499°1| 417°2 11188°5| 270-1 | 894-7 87.0 
+15 +15 +15 +16 +15 +16 +16 +17 +16 +15 +14 +14 
117°2| 34°9] 115°7| 35°3] 107°7| 32°00] 93°77! 24°5] 74°3| 63°9| 6:2 
: 1870 July. August, September October November December 
19. 
| Max Min Max. Min Max Min, Max Min Max. Min. Max Min 
Sandwick 365 1102) 39°57 35°55 782| 26°5 19°22; 23 577 11°5 
Culloden 131°} 1343) 1243); 27-8] 11770) 20°0 94°0; 17°8 61°8 6°8 
Braemar . 13775 | 30°0 130°2| 29°07 1202; 2334 118°8| 163 992; 127 700; — 30 
Perth 12070; 3804 1150; 40°0 - - - 58°0 
Ochtertyre 1180; 37°04 1140) 320] 105°0/ 250] 109°) 210) 1000; 15°0 74°0 8°0 
Dollar . 103°7| 35:7 103°7| 34°7 - ~ - 
Balloch Castle - - - ~ - - - - 65°0; 15°0 50°0 8°0 
Callton Mor . 95°0 | 93°0;} 31°0 91°4; 326 74°4| 265 70°4| 20°5 51°4 10°5 
Eallabus 98°0; 95°0 | 30°0 89°0 28°0 81°0; 22°0 65°0 | 190 50°0 8-0 
Paisley . 93°5| 36°0 875 | 30°0 93°5 25°0 ~ ~ 69°5 5-0 
Annanhill - 131'1}; 359] 119°1| 325] 109°4; 1771 62°0 50 
Ridge Park 96°0|} 41°5 99°00} 36°0 85°00} 29°60 20°0 180 51°0 0-0 
Douglas Castle 960; 3507 101°) 2857 1105) 2257 1145) 145 89°5 | 10°5 81°5| — 6°0 
Edinburgh 123°77| 30°74 33°8 82°77 | 187 15°5| 135 — 2°0 
Smeaton 107°0; 31°54 107°0| 28°5 96°0| 20°5 92°0; 14°5 780; 10°5 67°0| 
Thurston 40°07 105°0| 42017 10070; 320] 28°0 ~ 
Thirlestane Castle . 129°0; 32°07 127°0| 32°00] 1250; 240] 125°0| 200] 112°0; 140 ~ -11°0 
1643°6 | 582°9 11780°5 | 535-9 |1374°1 | 357°7 | 1287°0 | 268°4 1069°1 | 206°9 | 855°9 | +43°3 
+15 +15 +16 +16 + +13 +13 +13 +13 +13 +14 +15 
MEAaNs 109°6| 35°59 33°59 105°7| 27°5 99°0|} 20°6 82°2) 15°9 2°9 
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Taste XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 
A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


January. February. March, April. May. June. 
1880. 
Max Min Max Min Max Min Max Min Max Min Max Min 
Sandwick 562) 25°1 60°33; 253 70°2| 25°5 80°1; 316] 109°7| 
Culloden 90°2; 150] 101°0; 180] 1130; 185] 1250; 220] 130°8| 240] 1320); 28-0 
raemar. 87°2 9°6 98°8; 133] 1153; 110] 1190; 180] 1370; 195] 146°8| 26-0 
Perth . 720; 120 790; 98°0; 2007 101°0; 250] 1140] 260] 1200) 34-0 
Ochtertyre 81°0| 14°0 190 1100; 190] 113°0} 220] 125°0/ 220] 1200); 27°0 
Dollar . 62°7| 157 237 91°7| 227 86°7 | 247] 109°7| 2777] 100°7| 31:7 
Balloch Castle 55°0| 10°0 60°0| 240 700; 19°0 200] 1050) 2404 1100| 280 
Callton Mor . 51°4| 18°56 71°4| 2655 75°4| 25°5 85°4| 24°5 92°4; 265] 100°4) 30°5 
Paisley . 625; 11°0 69°5| 21°0 16°0 88%; 19°0 965; 200] 1035) 240 
Annanhill 687; 180 85°38; 260] 113°4; 22°1] 1222); 25°0 ~ 
Ridge Park . 520; 11°0 66°0| 28°0 21°0 87°0| 25°0 89°0|} 25°0] 103°0| 
Douglas . 81°5 6°5 90°5| 185 112°5 9°5 97°56; 15°5 91°55; 18°5 98°5| 21% 
Edinburgh . 64°0| 12°0 8177 | 17° 770| 176 915} 220] 
Smeaton 79°0 5°5 76°0| 15°5 93°0; 12°57, 1000) 125] 1080) 17°5 
Thirlestane Castle . 69°0 3°0 69°0 |} 95°0; 17°] 1010; - 1507 1180; 190 
1086°4 | 200°9 1143°7 | 345°3 }1456°0 | 297°9 | 1568-9 | 342°3 1497-4 | 342°7 1585-6 | 373°7 % 
+16 | +16 | +15 | +16 [| +16 | +16 | +16 | +16] + +1 +14 | +14 & 
MEaNs 67°9| 12°6 76'2| 21°6 18°6 21°4] 107°0| 22°38] 113°3/ 26°7 
January February. March, April, May June 
1881, 
Max, Min Max Min Max Min, Max Min Max Min Max Min 
Sandwick 53°2 | 23] 57°77) 185 66°2 2°5 75°4| 24597 1043] 25 1150; 
Inverness ~ 920; 175] 1080; 180] 111°; 190] 1180; 285] 1220); 31°0 
Braemar . 860 | 30] 93°8 271 1083 00} 117°0 907 1342; 212] 1380; 17° 
Ochtertyre 84°0 103°0 907 1100) 160] 1140; 1250; 240] 1320) 240 
Dollar . 66°7 27] 797). 127 86°7 87 89°7| 20°77 | 106°7| 27°77] 106°7| 30°7 
Balloch Castle - 950; 15°0] 1220| 240] 1270) 23-0 
Callton Mor . 56°4 55] 664) 190 73°4| 13°5 82°4| 19°5 99°4; 25°57 104°4| 25°5 
Eallabus 54°0 20] 620) 1590 75°0| 17°0 25°0 25°0 
Paisley . 615 | - 70] 15°0 86°5; 10°0 915) 160] 109°) 25:0] 109°5| 
Ridge Park 480 | - 60] 610) 1690 80°0; 110 81°0; 195] 115°0| 112°) 30°5 
Douglas Castle 75°5 OS] 855) 1154 105°5 6°5 88°5 13°57 1105) 21°] 112°5| 245 
Edinburgh 80°8 28] 80°0 14°8 98°7 877 1140) 17°77] 127°4| 265] 300 
Smeaton ‘ 750 | 55 ~ 91°0 4°5 900; 145] 1160) 245] 1050) 24:5 
Thirlestane Castle . 85:0 | -15°0] 940 1050 10] 1080 60] 1260; 150] 1260! 160 
8261 | —25°3] 953°6 | 155°7 | 1194°3 | 112°4 | 1257-7 | 229°9 1514°0| 342°8 1 1534-3) 352-9 
+12 | + +12 | +12 | + +13 | +13 | +14] +13 | +14 | +138 | +14 
Mzays | 21] 79°5| 13°0 8°6 96°7| 116°5| 24'5] 118'0| 25°2 
January, February. March, April. May. June. 
1882. 
Max. | Min, | Max. | Min. | Max. | Min. | Max, | Min, | Max. | Min, | Max. | Min 
Sandwick i 57°2| 27°0 67°2| 22°5 69°1| 26°5 - - 105°7| 27°38] 105°4; 30°5 
Inverness ‘ ‘ ‘ 82°0; 2407 94:0; 23:0] 270] 115°0| 250] 119°0| 280] 1200; 350 
Braemar 840} 120] 103°2; 140] 210] 1267; 110] 1885); 156] 1402) 26-4 
Ochtertyre . 8770; 21°07 1020; 260] 1090} 260] 111°} 210] 1180} 280] 1160; 27-0 
Dollar . ‘ ‘ 62°7| 21°7 80°7 | 24°7 137 89°7 | 15°7 98°0} 26:0] 102°7| 29°7 
Balloch Castle 520; 12°0 710; 14:0 760; 17°0 160] 1070; 210] 1160) 26-0 
Callton Mor . 58°4| 24°5 66°4| 27°5 81°4| 265 90°4 20°5 98°4; 285] 32°5 
Eallabus ‘ 550 | 580; 27°0 28°0 779} 2007 1100) 250] 33-0 
Paisley . 645) 23°0 79°35 | 7975} 23°0 93°55; 20°07 1055) 275% 110°) 31°0 
Ridge Park 54°5| 25°0 67°0 | .26°0 73°5| 26°0 91°00; 215] 1070) 260] 1090) 28°5 
Douglas Castle ‘ - 24°5 90°5| 23°0 96° | 155] 1045; 23:0] 100°) 29°5 
Edinburgh ; 780} 22°5 82°0|; 23°38 253 1000; 200] 127°0; 280 ~ 
Smeaton 75°0| 88°0 22°5 92°0} 25°5 950} 185] 1040) 255] 105°0; 285 
Marchmont . : 57°0| 200 20°0 - - 94:0; 180] 113°; 210] 1200; 29°0 
867°3 | 277°2 }1107°5 | 324°5 111322 5 $1264°8 | 242°7 $1555°6 | 350°9 1 1457°7 | 386°6 
+13 | +13 J + +14 | +13 | +13 J +1 +13 | +14 | +14 4 + +13 
Means. ‘ 66°7/} 21°3 79°I| 23°2 | 23'7 97°3| 87] 29°7 
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TaBLeE XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 
A PREPARATORY TABLE FOR THE FROST AND FIKf RETURNS OF TABLES XXVII., XXVIII. 


1880 July. August, September. October, November, December. 
Max Min. Max. Min, Max, Min. Max. | Min. Max, Min, Max, | Min, 
Sandwick | 107°4| 335] 1063) 42-4 97°3| 32°5 7472) 21°7 195] 120 
Culloden 1353) 360] 1360) 388] 131°8; 295] 1120; 180 92°0 30] 69°1 70 
Braemar . 1388°0| 340] 1360; 310] 1303) 282] 114°8 9-2 88°5 16] 712) -0%5 
Ochtertyre . .| 1260) 1260; 330] 123°; 300] 1100) 150] 1030; 110] 
Dollar . | 102°7| 347] 109°7| 327 - - 94°77, 107 - - 647 37 
Callton Mor . 97°4; 385] 1044; 365] 944) 33:5] 77°4) IBS] 56°4) 125] 544) 15 
Eallabus 1140; 33°07 1180) 320 99°0; 29°0 940) 16°0 660; 580; 130 
Paisley . 1070) 310] 109°5| - 87°5 - 71°5 70 
Annanhill .| 13817] 38°6 - 13177} 31°0] 1132) 15°8 69°9 90] 712; 148 
Ridge Park . 1050] 380] 1120); 985} 33°0 | 16°0 60°5 10] 530; 100 
Douglas Castle 1100} 2857 1145) 325 1125) 245] 5°5 86°5 OOF 525) 12°5 
Edinburgh . 1100!) 3607 1150); 385 ~ - 75°5| 755) 130% 570; 15°0 
Smeaton 1160; 2657 1100) 260] 1110; 155 88-0 - 79°0| 105] 680) 155 
Thirlestane Castle . ‘ 1170) 30°07 133°0| 31°0} 1230; 25°0 97°0 9-0 82°70; -60] 840; -10 
1618°0 | 473°3 1530-4 | 443°4 11352°0| 311-7 1132333 | 167°-4 9165) 86:1] 919°2 | 1325 
+14 | +14 | +33 | +13 | +12 | +11 | 414 | 412 | +12 | +12 | +14] 414 
MEaxs.. 115°| 33° 117°7| 28°3 94°5| 14°0 76'4 7°24) 65°7 9°5 
1881 July. August. September, October. November, December, | 
Max. | Min, | Max. | Min, | stax. | stin, | Max. | Min, | Max, | Min, | Max, | Min. 
Sandwick 109°2; 37°44 108°1| 9471) 33°0 737) 31°5 612; 317 53°4 | 216 
Inverness 1220; 1225); 32°07 1250; 380] 1070) 28% 880; 27°0 80°5 20°0 | 
Braemar . 138°0| 29°0 132°4; 23°39 125°0| 25°27 1142) 17:1 140 
Ochtertyre 1170; 3800] 1190) 280] 121°; 280] 1050) 2007 1000; 17°0 
Dollar . ‘ 94°77 | 347] 103-7) 30°79 1027) 3177 917 | 207 187 60°77 | 15°7 
Balloch Castle 113°0| 25°07 1015) 16:0] 1010; 15°0 76°0 60 65°0 9°0 51°0 2°5 
Callton Mor . ‘ 97°4| 96°4 | 29°5 31°5 - ~ 65°4| 23°0 57°4 | 
Eallabus . 89°0 94°0 ~ 90°0 - 75°0 | 22° 65°0 | 26°0 49°70, 19°0 | 
Paisley . 93°5 | 29°0 965; 25°07 1015); 25°0 795) - 
Ridge Park . 94°5| 365 99°0; 86°0 | 30°5 21°0 700; 230 50°0; 175) 
Douglas Castle ‘ ; 94°55) 3257 1055) 285 1095) 27°5 96° | 16°5 64°55) 15°55 
Edinburgh . : 1060) 35°37 1250) 31°89 113°0) 3177 217 | 21°7 60°0 | =20°5 | 
Smeaton - 1130) 315 1080) 30°0 96°0 | 30°5 90°0; 20°5 79°0; 180 155 | 
Thirlestane Castle. . . 1250] 300] 1230) 23:0] 1160! 200] 1250) 110] - - 
1506°S | 431°9 }1534°6 | 361°6 }1472°2, 367°6 1223°6 | 251°5 | 253°1] 7490, 194°3 
+14 +13 +14 | £13 414 | 413 J +138 | +13 +12 | +12 +12 +12 
Mraxs, 107°) 33°27 109%6| 27°83] 105°'2; 23°37 19°3] 76°7| 62°4/ 16°2 
July, August, September, October, November, December, | 
1882, | 
Max, | Min, | Max, | Min, | Max. | Min, | Max, | Min, [ Max. | Min, J Max. | Min, | 
Sandwick | 10671) 39°49 110°2) 35°57 1053) 324 27°3 67°4| 20°5 53°4; 12% 
Inverness ; | 13800) 4007 1250! 39°07 1150) 320] 1100); 270 67°0; 10°0 
raemar . | 1420] 33:0] 13870; 30°0} 1220; 220 1080; 86°0| 74°0 | -—11°0 
Ochtertyre 1230} 3820] 1360) 31:0] 1240) 25°07 1180; 180 980! 51°0 3°0 
Dollar 1020; 105°7| 33:7] 1000, 26°0 85°0 - 797 - 
Balloch Castle ‘ 370] 115°0; 340] 10370; 26°0 750; 190 62°00; 19°5 47°5| 
Callton Mor . 105°4| 39°59 103-4) 90°4 30°5 79°4| 24°5 54°4/) 215 145 
Eallabus 990; 3707 1040) 37° 87°0| 29°0 21°0 54°00; 20°0 50°0; 11°0 
Paisley . ; 105°5| 370 1125! 300] 1025); 280 80°5 19°0 8155; 18°0 56°5} 110 
Ridge Park . 113°0| 42°07 1120; 34:0 89°0| 700 | 23°5 56°0| 21°0 490 | 02 
Douglas Castle ‘ 1035) 3957 1165) 310] 1050; 270 | 19°5 86°5| 145 50°5 2°5 
Edinburgh . 1100) 88'S] 1240; 30% - - - - - - - 
Smeaton | 1060) 35°59 11990!) 31°57 1050) 245 880} 21°5 720; 20% 64°0 15 
Marchmont . ‘ 1260) 31°09 1210) 35°07 1050, 240 87°0; 20°0 63°0, 15°0 58°00, - 40 
1584°5 | 517°7 $1641°3 | 465-7 |1353-2 357°4 71155°6 | 259°5 | 949°5 | 223°5] 699°3/ 
+14] 414 214 | +14 +18 | +18 +13 +12 +13 | +12 +12 | +12 
37°O0] 117°2] 33°3] 27°5 21°6 18°6 58°3 
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TaBLE XXVIA. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


PROFESSOR C. PIAZZI SMYTH ON 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVIII, XXVIII. 


January. February March, April May. June, 
1883. 
Max, Min Max Min, Max Min Max, Min, Max. Min, Max Min, 
Sandwick 55°22; 22% 63°8| 24°5 18°3 832; 33°37 210 117°4| 287 
Inverness 77°0| 220 880; 23°0 97°0; 190 1070; 210% 1160; 290] 1280; 
Braemar §1°2 8-2 99°0 19°0 | 115°2 10 1197 16°0 | 141°0| 210 25°0 
Ochtertyre 89°0 | 21°0 - 108°0; - 125°0; 31°0 
'Dollar . - - 87°77 | 25°0 86°7| 29°07 1017); 30°07 101°7 35°0 
Balloch Castle 540; 220 21°0 700; 16°0 87°5 17°00 | 102°0| 20°54 27°0 
Callton Mor . 54°4| 245 59°4 26°5 73°4; 170 85°4| 23°0 91°4|) 26°5 99°4| 32°5 
Eallabus 56°0 | 22°0 56°0| 23°0 16°0 87°0; 24-0 95°0| 25°07 1090) 33°0 
Paisley . 66°5| 24-0 79°5| 26°0 815; 140 99°5; 96°5 | 220 97°5; 310 
Ridge Park . 50°5 21°5 58°0| 23°0 - - 81:0; 27°0 96°0 | 23°5 31°0 
Douglas Castle 67°5| 170 §1°5 18°5 95°5 9°O 101°5| 22°5 85°5 | 16°5 92°5! 26-0 
Edinburgh . 63°0; 19°0 790} 220 106°0| 200] 1080; 
Smeaton 69°0 | 155 21°5 17°5 940; 2257 1020) 185 1020] 25°5 
Marchmont 54°0; 110 69°0| 760! 13°0 92°0| 2207 110°0; 2207 1090/| 
837°3 | 250° | 882°2| 262-0 1028°4| 183°8 }1124°5| 278-3 1343-5 | 295-5 11536°5| 412°7 
+13 +13 +12 +12 +12 +12 +12 +12 +13 +13 | +14 +14 
M+ ans 64°4| I9°2 73°5| 21°8 85°7| 15°3 93°77} 23°2§ 103°3| 22°7§ 109°8| 29'5 
January February March, April May June, 
1884. 
Max Min Max Min, Max Min, Max Min, Max Min, Max Min, 
Sandwick 25°4 238 24°8 82°4, 87°4; 28°17 1102; 29°5 
Inverness 720; 220 87°0| 220] 1070; 240] 1080; 270] 1160; 280] 123°0| 37-0 
Kingussie 90°0 4°5 94°0; 170 - - - - - - 139°0; 26°0 
Braemar 140 93°0; 15°74 107°0| 170] 117°) 120; 1230; 160 
Ochtertyre 87°0| 17°0 98:0; 98:0; 27°04 260 1240; 31°0 
Dollar . 66:7; 240 79:7 23°0 | 230 87°77 | 270 10177} 300 103°7| 
Balloch Castle 22°0 65°0| 20°5 23°0 98:0; 1907 1190) 220] 1260; 280 
Callton Mor . 51°4; 25°5 64.4; 20°5 69°4| 26°5 86°0 26°0 98°4| 26°57 101°4| 33°5 
Eallabus 540; 26°0 61°00; 21°0 69°0 | 22-0 84:0; 240] 1030; 23047 1100] 28-0 
Paisley . 17°0 7995} 230 78°5 | 22° 92°55; 23°0 83°5 | 29°2 93°5| 32°0 
Ridge Park . | 22°5 56° | 25°0 720; 220 25°07 1055); 280% 1120! 32-0 
Douglas Castle 53°0; 15°5 80°5 | 20°5 90°5; 2257 100°5 19°5 075 | 1065) 29°5 
Edinburgh - 19°0 17°0 19°0 19°0 26°0 - - 
Smeaton 59°0 | 15°5 730, 14% 880; 18°5 90°0 1554 1060) 1050; 28°5 
Marchmont 15°0 64:0; 11°0 87°0 12°0 98°0; 110] lus? 210) 1200) 260 
| 284°9 | 1057°8 | 290°5 11116°3 | 303°8 | 1243°4| 296°4 11375°0| 355°8 11350°3. 367-0 
+14 +15 = +15 +13 +14 +13 +14 + +14 +1 +12 
MEANS 62°7 75°6 19°4 85°9| 21°7 95°6| 21°29 105'8 25°4] 1I12°5| 30°6 
January. February, March, April May. June, 
1885. 
Max, | Min, Max Min, Max Min Max Min Max, Min, Max Min 
Sandwick 21°0 65°7 73°77 | 23°44 102-2 19°1 93°2| 22°47 100°4 25°9 
Inverness 55°0 15°0 98°0; 23°07 1120; 1170) 29°00] 1180; 330 
Kingussie - 98°5 5d 105°0 12°0 - -- 
Braemar 770 3°0 86°2 102°4 13°8 | 115°8 16°4 | 111°2] 21°47 182°0| 27:4 
Ochtertyre 770 18°0 180] 1080) 2007 1150) 240] 1150) 2607 121°0) 
Dollar 577 22°0 7777} 21°0 87°77 | 200 84:7 | 21°0 91°77} 280] 105°7 33°0 
Callton Mor . 50°4 17°5 61°4 17°5 79°4| 80°4 24°5 87°4| 26°5 29°5 
Eallabus 57°0 14°0 55°0 | 16°0 70°0 17°3 78°0 18°0 2097 1040) 27°5 
Paisley . 49°5 16°9 57 °0 19°9 62°3 68°0 | 24°8 93°3; 30°3 
Douglas Castle 53°5 13°5 75°5 4°5 88°5 13°5 97°5 | 20°5 82°5 19% | 100°5| 26°5 
Smeaton 58°0 8°5 73°0 88-0 - 101°0| 20°5 1957 1150) 26°55) 
Marchmont 51°0 8°0 65°0) 8°0 820! 120 98°0 1080; 200] 129°0) 250. 
642°3 | 174°4 | 903°0| 154-7 | 1045°0 | 211°2 1052°6| 250-2 | 1064-9| 280-0 1216°3| 
+11 +12 +12 +12 +12 +12 +11 +12 +11 +12 +11 +12 | 
MEANS 14°5 75'2| 12°9 | 17°6 95'7| 20° 23°3] 110°6| 28'7 
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TaBLE XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 
A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


1883 July, August, September. October, November. December, 
Max Min, Max, Min Max. Min, Max. Min Max Min Max | Min 
Sandwick . 1113) 339 972; 31% 762; 31°5 65°11; 21° 26°5 
Inverness 1260! 36:0] 4007 1140! 310] 1080) 280 93°0| 23°0 720; 
Braemar 1423 734 140°; 30°07 240] 1080, 200 86°0| 13°0 653; 10°0 
Ochtertyre  . - 1200; 29°07 1250; 240 1020; 190 850; 19°0 
Dollar . ‘ . | 105°7| 400] 104°7| 380] 109°7| 360] 10777; 26-0 94:7; 220 66°7| 25°0 
Balloch Castle 1160; 310] 1090; 370] 1010] 27-0 - - - - 
Callton Mor . 93°4| 36°5 99°4 40°5 95°4; 30°5 87°4| 26°5 64°4; 21°5 50°4| 20°5 
Eallabus . | 1170] 310] 1030); 340 97°0 | 27°0 82:0; 246 620; 19°0 510; 19°0 
Paisley . 104°5| 35°0 99°5; 36°04 1045| 29°0 83-5; 135 66°0; 
Ridge Park . 1010; 35°0 975; 38-0 86°0| 309 27°0 610; 200 50°0; 190 
Douglas Castle 98°55; 3057 109°5| 355% 110°) 27°5 99°5| 21°5 88°5 | 13°0 ~ 
Smeaton . | 1080; 335471100! 3457 1000) 28-0 95°0| 20°56 16°5 55°0; 21°5 
ont 1250; 310] 1220; 33°01 1000; 29°0 900; 23°0 60°0; 17°0 57°70; 200 
1460°7 7 11323°6 | 434°5 11356°5 | 379°5 11144°8 | 293-0 | 9332) 219°0 675°5| 225°5 
+13 | +13 J +1 +12 | +13 +13 § +12 | +12 | +12 +12 7 +11 +11 
‘ 
MEANS ‘ 112.4] 33°5] 36°2] 104°3| 95°4| 24°4 77°8| 61°4| 20°5 
1988. July. August, September, October, November. December. 
Max, Min, Max Min, Max, Min Max Min, Max, Min, Max. Min, 
'Sandwick . . . 1052! 289] 1082| 375] 992] 333] - 47°3| 21-0 
Inverness - - 1200; 360] 1120! 35°0 29°0 660; 19°0 540; 19° 
Kingussie ‘ - 134°; 30°53 12270; 255] 107°0; 200 83°5 10°0 
Braemar . | 126-7] 33°07 1222] 310] 1340; 270] 1170); 20°0 81°0 9°8 627; 11°0 
Ochtertyre . ‘ ‘ 1180) 37°00] 1250) 380] 1150) 3820] 1120) 210 730; 17°0 
Dollar . ‘ ‘ 1077 | 3609 111°7| 320 1177) 290 103°0; 260 767) 15°0 627; 180 
Callton Mor . 97°4| 35°5 95°4| 35°5 34°56 72°4| 30°5 56°4; 19°5 57°4| 17°5 
Eallabus 1050); 30 90-0 - 88:0 | 29°0 740; 29°0 180 - - 
Paisley . ‘ ‘ ‘ | 366 37°2 79°5| 329 715); 26°0 63°0| 19°2 53°33; 18-0 
Ridge Park . 1130) 33°07 1100) 370] 1000; 33°55 86°5 25°5 16°5 15°0 
Douglas Castle 1045) 3059 1115) 325% 1125) 305) 1075) 22°5 760; 110 55°5| 12°5 
Edinburgh . ‘ 32°0 - - 24°0 - 15°0 17°0 
Smeaton . | 2854 1100); 305 980; 26°5 910; 21°5 710; 10°5 550 9°5 
Marchmont . 119°0' 2907 1190; 28°07 102°0| 260 900; 12-0 610; 110 530; 110 
13040 | 390°5 | 1567°3 | 469-7 14723 | 422-7 1217-9 3300] 839°1| 1875] 688-4, 196°5 
+12 | +12 | +14 +14 +14 +14 +13 | +14 | +12 +13 | +12 | +13 
Mrans - | 32°5] 33°6] 30°2 93°7| 69°9| 14°4 57°4| I5‘1 
ans July. August, September. October. November. December. 
1885, 
Max Min Max Min Max, Min, Max Min Max Min Max, Min 
Sandwick 109°'7 | 27°4 97°3| 27°5 901; 29° 69°1| 20°5 60°9 - 
Inverness 1270; 410] 119°0; 310] 1140; 30°0 93°0| 20°0 83-0; 20°0 740; 18°0 
Kingussie - ~ - - 1220; 145] 1030; 10°0 - - - - 
raemar 125-2; 31°87 1210] 255] 1220; 200 1000 9-0 6°4 83°8 
Ochte . | 1340) 35°07 1230; 29°07 1150; 23:0] 1050; 19°0 89°0; 13°0 95°0; 13°0. 
Dollar. . 1127] 39°0] 1087; 340] 103-7) 91:7; 24-0 767) 13°0 750} 147 | 
Callton Mor . ‘ 1064) 3154 1060; 31°0 86°0; 230 780; 23°0 57°0; 50°0; 
Eallabus . . 1166; 320 107°0; 31-0 87°0 |; 22°0 680; 17°0 62°0; 16°0 520; 140 
Paisley . 91:3! 37°5 93:0; 761 | 24:1 193 609; 155 54:3} 127 
Douglas Castle . 1205] 3057 1065] 285] 1085; 19°5 98°5; 165 755; 10°5 - 
Edinburgh - 34°0 - 27°0 - 18°0 - 15°0 62°3 8°5 54°55; 110. 
Smeaton . ‘ . 1140) 36°57 1020) 32°5 22°5 81:0; 19° 12°5 62°0 9°5 
Marchmont . . | 1240] 2607 1090; 2704 1020; 200 76°0| 23°0 67:0; 10°0 59°0; 10°0 
1280°8 | 402°2 1192°5| 357°2 | 1225°4 | 293°1 1027°5 | 235°8 | 851°3 | 149°4 659°6 | 121°9 
+11 +12 + +12 | +1 +13 +12 | +138 +12 +11 +10 | +10 
MEANS 1164] 33°5 1084] 29°83] 22'5 85°6; 181 70°9 13°6 66°0| 12°2 
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PROFESSOR C. PIAZZI SMYTH ON 


XXVTAa. continud.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


¥ 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


‘ January. February. March, April, May. June, 
1886, 
Max, Min, Max, Min, Max. Min, Max, Min, Max, Min, Max, Min, | 
Inverness - 860} 20°00] 102°) 170] 1070) 240] 1165] 2651 350 
raemar 88°2} - 32] 962 20] 1114) 1170) 142] 1129] 173] 24-0 
Ochtertyre 77°0 40} 1007; 110 97°00; 1007 1150; 200] 1120) 240] 1220; 32°0 
Dollar. 69°77; 110] 16°0 94:0) 19% 9177} 26°0 93°0| 3174 1097 | 37°0 
Callton Mor 560} 130] 640; 66°00, 140 86-0} 92°0| 27°0 28°0 
Eallabus . 50°; 11°0 14°0 - - 870} 20°5 88°0| 17°5 97:0; 21°0 
Paisley 50°99; 13°97 509); 69°7 | 16°0 727) 263 80°9| - - 
Smeaton . 59°0 75] 800) 105 83°0 8°5 98:0; 2257 1050; 215 1110) 25°5 
Marchmont 520 00; 700; 11°0 90°0 40} 1020; 180] 1120; 150] 1160) 240 
652°5| 49°7] 1055] 7905) 95°5 76°4| 193°5 | 9123) 209°7 | 888°9| 226°5 
+10 | +10 +9 +9 +9 +9 +9 +9 + +9 +8 +8 
MEANS 65°2 Son 29 87°8 | 10°6 97°4| 101°4| 23°39 | 
January. February. March, April, May June. 
Mex. Mim, | Max, | Min, | Max, | Min, Max. | Min, [ Max. | Min, | | Min 
Inverness 81 0 20°0 910} 27°0 97°0 | 190] 1070) 260] 1120; 1210) 40°0 
Braemar . 85°0 98} 1010} 120] 1200) 113] 1170] 170] 1142; 193] 137°0| 26°0 
Arbroath - - 140] 1005) 160] 1000; 200 2155 1200) 275 
Ochtertyre 80°0' 160 99-0) 160] 1070! I80] 111°0!} 220] 1200) 270] 1400; 
Dollar 627, 21°0 | 18°0 18°0 96°77 | 20°0 | 108°7| 27°0 cu 
Callton Mor 55°0| 11-0 710} 25°0 92 89°0; 21°07 1000) 270] 1140; 37°0 a 
Eallabus . 52°0| 13°0 60°0 710) 15°0 770} 170 1050; 1807 121°0! 310 
Paisley 55°9| 16°0 62°3| 10°9 21°2 822; 1042) 
Smeaton . 67°0; 88-0; 11°5 900} 13°5 94°0) 185) 1100) 2057 26°5 
Marchmont 69°0| 90] 780} 80] 790] 130] 94:0! 110] 1070] 18-0] 1330] 23-0. 
607°6| 133°4] 815-4) 1705] 897°5)| 143°9 957°3 | 198-7 1046°6 | 241-4 1223-9) 304-1 | 
+9 +9 +10 | +10 | +10 | +10 | +10 | +10 7 + +10 | +10 | +10 | ss 
MEANS 67°5| 14'8 81°5| 17°0 89°8 14°4 95°7| 24 122.4% 304 
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TaBLE XXVIa. continued.—BLACK-BULB THERMOMETERS, MAXIMA AND MINIMA EXTREMES. 


A PREPARATORY TABLE FOR THE FROST AND FIRE RETURNS OF TABLES XXVII., XXVIII. 


July, August. September. October. November. December. | 
1886. | 
Max. Min Max Min Max Min Max, Min Max, Min, Max, Min | 
Inverness - | 1170! 380] 1090! 350] 99:0| 2851 860) 260] 620| 180. 
Braemar 129°8 30°8 | 127°2 28°47 125°8 24°07 111°8 20°0 91°6 21°0 766| -—20 
Ochtertyre 129°0 32°0 | 117°0 36°0 | 117°0 310] 116°0 29°0 | 101°0 26°0 85°0 110 
Dollar 108°*7 37°0 | 105-7 37°0 | 112°7 30°0 98°7 34°0 28°0 717 16°0 
Callton Mor 100°0 97°0 32°0 95°0 29°0 880 28°0 70°0 28°0 50°0 9-0 
Eallabus . 103 °0 31°0 - 92°0 27°0 80°0 26°5 63°00} 25°0 50°0 8°0 
Paisley 87°5 36°5 80°1 33°0 87°1 26°4 72°6 27°8 60°6 26°8 55°8 10°4 
Edinburgh - - - - = - - | 
Smeaton . 116°0 25°0 93°0 26°5 73°0 21°5 50°0 9°0 
Marchmont 122°0 30°0 | 112°0 28°0 | 105°0 20°0 90°0| 23°0 65°0 18°0 48°0 3°0 
896°0 | 260°4 | 756°0| 232°4] 950°6)| 247°4 849°1| 243°3 698-2) 220°3] 549°] 82°4 | 
+8 +8 +7 +7 +9 + +9 +9 +9 +9 + +9 
MEANS 112°0| 32°6] 33°2] 105°6| 27°5 94°3| 27°0 77°6| 9°2 
1887 July. August. September, October November. | December. | 
Max, Min, Max Min. Max Min Max Min Max, Min, Jax, | Min, 
Inverness 124°0 37°0 | 120°0 40°0 | 134°0 28:0 | 103°0 25°5 84°0 26°0 73°0 | 21°0 
Braemar 128-2 29°0 | 123-2 2982 1180 117°0 19°2 93°2 15°4 71°3 | 50 
Arbroath 110°0 46-0 | 115°0 30°0 | 117°5 23°0 | 112°0 19°0 88°0 17°0 77°0 10°0 
Ochtertyre 134°0 32°0 | 123°0 33°0 | 118°0 25°0 107°0 220) 
Dollar - 103°7 35°0 102°7 31°0 100°0 85°7 23°0 69°7 18°0 
Callton Mor . 1070 34°0 98°0 31°0 92-0 30°0 25°0 66°0 18 49°0 16°0 
Eallabus - - 90°0 26°0 700 220) 65°0 14 51°0 140 
Paisley . 91°1 88:0 35°8 30°9 81°9 20°3 18% 51°3 | 
Smeaton 119°0 27°5> | 110°0 31°5 | 107°0 21°5 17°5 17°5 52°0 12°5 | 
Marchmont 123°0 260 | 27°0 103°0 22°0 91°0 16°0 65°0 15°0 51°0 12°0 
936°3 | 248°4 | 996-9) 291°5 71044°9| 2646 | 986°9| 217°5 769°0! 1868 545°3 | 125°6 
= +8 +9 + + +10 +10 +1 +10 +10 +9 = 
MEANS 31°O} 324 TO4'5 | 26°5 98°7| 21°8 13°7 
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PROFESSOR C. PIAZZI SMYTH ON 


Tastes XXVII. anp XXVIII; on “FROST AND FIRE” IN EACH MONTH; OR THE 

FROST, AND BY DAY FOR FIRE, i¢., SOLAR 

TaBLE XXVII. rEPRESENTs “ Frost” ONLY, BEING THE Maximum DeEprEssION IN EACH Montu By NIGHT 
REPRESENTS “Fire” OR SOLAR RADIATION ONLY, BEING THE Maximum ELEVATION IN EACH 


TaBLeE XX VII.—“ FROST.” 


January. | February. March, April. May. June, July, 
Year, 
Succes, Succes, Succes, Succes, Succes, Succes, Succes, 
Means, Means, Means, Means, Means, Means, Means, 
1856 
1857 | —19°6 -110 -122 - 92 - 4° +0°3 +19 
1858 | —14°6 —21°5 . -18°8 —15°6 - 68 +17 +1% 
—17°! —16'2 —15° —12"4 -5'5 +1°o +1°7 
1859 | —15°4 -17°4 -14°8 —14°9 94 -19 +02 
— 16°5 — 16°6 —15°3 —13°2 +1'2 
1860 | —19°4 —28°7 -—14°0 -112 - 51 +0°2 +4°4 
—17°2 -19°6 -15°0 -—12°7 -—6°4 +0O°r +2°0 
1861 | —24°5 ‘ -17°4 - 78 -11°6 +37 +44 
18°7 —19'2 — 13° — 12° +0" +2°5 
1962 | - 88 | -mo| _ 56 -11 +23 
-17'0 —18°8 —14'8 +0°5 +2°4 
1863 | —10°7 -10°5 -12°4 - 79 - 58 ‘ -0°6 -39 
-17°6 — 14" 35° -6°9 +0°3 +1°5 
1864 | —202 —23°2 -19°3 - 7% - 69 —43 +3°3 
16°6 — 18°3 —15°0 -6'9 -0o'2 +1°8 
1865 | —23°5 —24°6 -13°8 -10°1 - 58 -10 +0°6 
—19'0 — 14° —10°9 —6° | +1’ 
1866 | —18°8 -17°8 —21°8 -—12°9 
-—15°6 -7'2 -0'8 +1°7 
1867 | —25°8 -14°3 -—210 - 68 - 66 —O°4 +0°9 
18°3 —18°4 — 16°! —-10°7 -7'2 -0°7 +1°6 
1868 | —17°2 -10°6 —11°5 —10°2 - 81 +1°0 +3°8 
~18'2 -—15°7 — 10°6 -7'2 +1°8 
1869 | —13°1 - 80 -13°3 -12% -—10°4 +4°0 
—17°8 -17°0 —15°5 —10°8 -7°5 +2°0 
1870 | --15°7 — 20°6 -162 - 76 - 61 +2°3 +45 
-17°9 -17° -—15°6 —10 -0O°7 +2°2 
1871 | —18°5 -10°9 -152 —11°4 -11°0 +3°5 
-17°7 -16’9 — 10°6 -o8 +2°2 
1872 | —13°2 96 -13°8 - 86 - 87 -1%6 
1873 | —15°3 —21°5 -123 -—11°6 ‘ -10°8 +2°6 
—17°3 -16°7 —15° — 10° +2°1 
1874 | -—11°0 -162 -15°6 - $1 9-4 —4°4 +37 
—17°0 —16°7 -15°3 —10°4 +2°2 
1875 | —19°0 -17°7 -—13°9 -11°4 - 39 —0°4 
—17°! —16°7 —15'2 —10°5 -7'8 +2°1 
1876 | -173 -16-7 -15°2 -—14°8 - 98 +3°0 
-17°! — 16°7 —15‘2 —10°7 -7'9 +2°1 
1877 | -—17°9 -162 —16°2 -117 -11°9 +15 
—17'! — 16°7 -15°2 —10°7 -8'o +2°2 
1878 | —16°4 - 96 -163 -11°9 - 55 -39 +2°9 
—17°! — —15°3 —10°8 -7'°9 +2'2 
1879 | —23°6 -19°9 -12°2 -—12°4 -2°1 +3°5 
—17°4 16°5 —15°4 —10°9 —8'r +2°3 
1880 | -19°4 -10°4 -10°6 +1°8 
—17°5 — 16° —15° —10° —1°4 +2° 
1881 | —34°1 -19°0 —23°4 —15°6 - 7% —6°8 +12 
— 18'1 — —15°7 -16 +2°2 
1882 | -10°7 - 88 83 -13°3 69 +5°0 
—17°8 —16°1 —8'1 —1°6 +2°3 
1883 | —12°8 -102 - 88 93 +1°5 
17°6 -15'9 -15°4 -1°6 +2°3 
1884 | —13°0 -12°6 -103 | -10°8 — 66 +0°5 
| —17°S —15°8 —15'2 —8'2 +2°2 
1885 | —17°5 -19°1 —14°4 -11°2 87 —3°3 +155 
—17°5 -15°9 —15'2 -1'9 +2°2 
1886 | -—27°0 — 20°3 —21°4 -10°5 - 87 -37 +0°6 
-—17°8 16’0 —15°4 +2°2 
1887 | -—17°2 —15°0 -17°6 -12°1 - 79 -1%6 -1°0 
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MEAN SCOTTISH METEOROLOGY. 257 


EXTREMES OF THE EXPOSED BLACK-BULB THERMOMETERS, BY NIGHT FOR 
RADIATION, BELOW AND ABOVE 32° F. 


oF THE MEAN OF ALL THE EXPOsED Biack-BuLB THERMOMETERS BELOW 32° F. ; waite Taste XXVIII. 
Monts, By Day, oF THE MEAN OF ALL THE EXPOSED Biack-BuLB THERMOMETERS ABOVE 32° F. 


TaBLE XXVIIL—*“ FROST.” 


August, September. October. November. December. Mean Month | Successive 
eR of Observed | Means of the] Year 
Quantities in | Accumulating | repeated. 
Succes. Succes. Succes, | Succes, Succes, 
Obed. Means. Means. Means, Means. Means. — 
1856 
+2°5 - 71 -13°8 - 96 - 68 1857 
+0°8 -32 -10°0 20°0 —13°4 -10°0 1858 
+1°6 8°6 -11°5 84 
+0°9 -19°7 -14'8 —29°2 ~11°8 1859 
+1°4 -2°5 -12°3 16°2 —17"4 
+0°8 -58 92 -14'8 —31°5 -11°2 1860 
+1°2 -3°3 .| —15°8 20°9 -10°0 
+44 - 68 -179 —15°0 84 1861 
+1°9 -3°0 — 10° 16°3 -19°7 - 96 
+22 - -17°0 - 78 - 79 1862 
—3°0 10°! —16°4 -17" 
+1° -2°9 10°0 — 10°0 
2°1 -1°0 - -12°1 -13°0 - 96 1864 
| -2°7 10°0 —15°5 “we 
| +0°4 -119 ~13°5 ~10'4 96 1865 
+0'9 —2°4 — 10°2 -15°3 -16'2 9°2 
- 84 —13°3 -11°9 -10°0 1866 
+0° -—2°4 —10'0 -15'8 - 93 
+2°9 -18 - $8 ~11°0 -—13°9 - 89 1867 
—2°3 - —14'7 —15°6 
| +3°4 —2°8 - 99 -145 -13°3 - 75 1868 
—2"4 = — 14'7 —15°4 
| -5°5 -3°0 - 99 -17°5 —22°4 97 1869 
+0'7 - 99 —14°9 - | 
a +0°8 —3°4 - 76 -12°9 — 26°2 - 91 1870 | 
+0°7 —2°5 - 97 —14°8 16°7 - 9'2 
+2'6 -73 > | -102 95 1871 | 
-2°8 - 98 148 16°7 
0°0 -6°0 -12°1 -11°0 -167 - 84 1872 | 
+0o'8 —3°0 - 99 —14°6 —16°7 - 
0°0 -37 -11°0 -12°3 -—11% - 91 1873 
+0°8 —3°1 10°0 —14'4 —16°4 - g'l 
+0°4 —2°0 - 83 -127 —24°9 90 1874 
- 80 -17'1 - 92 1875 
-2°9 - 98 —14°5 
+0°3 -2°0 - 50 -15°2 - 99 86 1876 
+0°8 ~ —14'5 — 16°6 - 
-02 -42 - 97 -109 —16°0 - 92 1877 
| -3'0 9°5 —14°3 16°6 - 9°! 
+33 0°0 - 75 -14°0 —25°8 - 87 1878 
+0°9 | - 9°5 —14°3 -17°0 
+1°5 | 161 —29°1 -12°0 1879 
-37 -18°0 —24°8 —22°5 1880 
+1°0 - 99 —14°8 ~ 
-37 -127 -10°9 -127 1881 
—3°0 —10°O —14'7 —17'7 
| +13 —4°5 —10°4 -13°4 — 26°9 - 83 1882 
—3°0 —14°6 - 94 
+4°2 - 76 -13°8 -11°5 - 79 1883 
+0'9 -3°0 - 99 —14°6 —17°8 
+16 -18 | 8-4 -17°6 -16°9 - $l 1884 
| -22 —9°5 -13°9 —19°8 -—11°4 1885 
—3°2 -10°0 -—14'8 -17°8 - 9°4 
| +1°2 -4°5 50 - 75 —22°8 -10°8 1886 
—3°2 —14°6 -18'o - 94 
| +04 -102 ~13°3 - 99 1887 
+0°8 - 9'9 —14°6 -18'0 - 9°4 
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258 PROFESSOR C. PIAZZI SMYTH ON 
TaBLes XXVIT. anp XXVIIL. ; orn “FROST AND FIRE” IN EACH MONTH ; OR THE 
FROST, AND BY DAY FOR FIRE, i.e, SOLAR 
TaBLE XXVII. represents “ Frost” ONLY, BEING THE Maximum Depression In tach Monta py NIGHT 
REPRESENTS “ Fire,” OR SovaR RaDiaTION ONLY, BEING THE Maximum ELevation EACH 
TaBLte XXVIII.—*“ FIRE.” | 


January, February, March, April, May. June, July, 
Year, 
Succes, Succes, Succes, Succes, Succes, Succes, Succes, 
Obed. Means, Obed. Means, Obed. Means, Obed. Means, Oved, Means, em Means, Obed. Means, 
1856 

1857 | +47°0 +55°7 +56°9 +61°1 +73°0 +91°6 +80°7 

1858 | +35°7 +49°8 +64°8 +77°0 +72°8 +88°8 
+41"4 +52°8 +60'8 +69'0 +72'9 +90'2 +81'4 

1859 | +40°0 +46°2 +52°7 +61°4 +79°4 +84°1 +77% 
+40°9 +50°6 +58"1 +66°5 +80'1 

+36°0 +54°5 +66°5 +78°2 
1860 +39°7 +50°r +57°2 +66'5 +74°8 +83°8 +79°6 

1861 | +33°6 +41°9 +48°3 +65°7 a +69°3 +80°2 +743 
+ 38°5 + 48"4 +55°4 +66°3 +73°7 +83°1 +78°6 

1862 | +36°7 +53°1 4-60°8 +65°6 +70°2 +67°0 
+38'2 +48°0 +55°0 +65°4 +72°4 +76°6 

1863 | +30°7 +40°3 +49°0 +54°7 +62°6 + 68°6 
+37°% +46°9 +54°2 +63'9 +71'0 +79'2 +76°8 

1864 | +34°5 +40 8 +49°2 +64°8 64 +742 +80°2 
+ 36°8 +46°: +53°6 +64°0 +71'4 +77°2 

+30°7 +41°1 +510 +70°1 +772 +80°2 +79°6 
1865 + 36°1 +45°5 +53°3 +64°7 +72°0 +78°3 +77°5 

1866 | +32°5 +44°4 +51°8 +63°5 +70°9 +81°4 +812 
+35'7 +45°4 +53°1 +64" +71°9 +78°6 +77°8 

1867 | +34°2 +52°6 +58°6 és +68°3 +78'1 +79°5 
+35°6 +45° +53°1 +64°0 +71°6 +78°6 +78'o 

+33°0 +41°7 ‘ +61°3 +68°5 +78°6 + 85-1 
+35°4 +45°3 +53°4 +63°8 +71°3 +78°6 +78°6 

1869 | +31°7 +43°1 +53°6 +69°6 +68°7 +76°7 +823 
+35°1 +53°4 +64°2 +701 +78"4 +78'9 

+31°2 +55°2 +65°4 +74°0 +80°6 + 86°6 
1870 + 34°8 +44°8 +53°6 +64°3 +71°3 +78°6 +79'4 

| 1871 +28°9 +43°1 +60°3 +67°2 +81°1 +82°5 
+ 34°4 +44°7 +54'0 +64'5 +72°0 +78'9 +79°6 

1872 | +33°6 +43°8 +56:1 +63°0 +70°4 +88°0 
+34°4 +44" +54°! +64°4 +71'°9 +78°'9 +80'1 

1873 | +31°8 +68°9 +-76°0 +81°0 +83°5 
+34°2 +44°7 +54'r +64°7 +72°1 +79°0 +80°3 

1874 | +32°9 +44°0 +52°8 +70°5 +72°5 +80°6 +84°5 
+ 34°2 +44" +54°o +65'0 +72°2 +79'1 +80°6 

+32°8 +38°9 +52°7 +69°0 +66°2 +74°1 +81°5 
1875 +34°1 +44°3 +53°9 +65°2 +71°8 +78°8 +80°6 

1876 | +36°4 +43°0 +67°4 +71°8 +84°4 +85°5 
+34°2 +44°3 +53° +65°3 +71'8 +80'9 

1877 | +32°7 +38°0 +54°6 +56°0 +65°1 +789 +70°6 
+ 34°! +44'0 +53" +64°9 +71°5 +79'1 +80"4 

1878 | +36°2 +44°5 +55°7 +64°9 +82°6 
+34°2 +44°0 +53°8 +64'9 +79°3 + 80'6 

1879 | +34°1 +41°7 +52°5 +62°6 +70°0 +73°6 +776 
+ 34°2 +43°9 +53°8 +64°8 +71'°5 +79'0 +80° 
+35'9 +442 +500] | +664 +750 +813 +936]. > 
1880 +34°3 +43°9 +54°0 +64°8 +71°6 +79°1 +80°6 

1881 | +36°8 | +34-4] +47°5 +599 +64°7 +84°5 +86°0 
+44'0 +54'2 +64°8 +72°1 +79°4 +8o0'4 

1882 | +34°7 | +344] +47-1 +55°1 +65°3 +80°1 +81°2 
+44°2 +54" +64°8 +72°4 +79°4 +80'4 

1883 | +32°4 +41°5 +53°7 +61°7 +77°8 +80°4 
+ 34°3 +54°2 +64°7 +72°4 +79°4 +3o0"4 

1884 | +30°7 +-43°6 +53°9 +63°6 +73'8 +80°5 +767 
+34°2 +44°0 +54'2 +64°7 +72°4 +79°4 +80°3 

+26°4 +43°2 +63°7 +-64°8 +78°6 +-84°4 
1885 +33°9 +44'0 +54°3 +64°7 +72°2 +79°4 +80"4 

1886 | +33-2 +43°8 +55°8 +69°4 +79°1 + 80-0 
+ 33°9 +44'0 +64°7 +79"4 +80"4 

1887 | +35°5 +49°5 +57°8 +63°7 +90°4 +85°0 
+ 34°0 +44'2 +54°4 +64°7 +72°1 +79'7 +80°6 
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MEAN SCOTTISH METEOROLOGY. 259 


EXTREMES OF THE EXPOSED BLACK-BULB THERMOMETERS, BY NIGHT FOR 
RADIATION, BELOW AND ABOVE 32° FE. 

OF THE MEAN OF ALL THE EXPOSED BLack-BuLB THERMOMETERS BELOW 32° F.; wire Taste XXVIII. 
Mont, By Day, OF THE MEAN oF ALL THE ExposeD Biack-BuLp THERMOMETERS ABOVE 32° F. 


Taste XXVIIL—“ FIRE.” 


| August, September. October, Nevember, December, Mean Month Successive 
of Observed | Means of the Year 
Quantities in Accumulating repeated, 
Succes, Succes, Succes, Succes, Succes, 
Obsd. Means, Obsd. Means. Obsd. Means, Obed. Means, Obsd. Means, oom Tem, Years. 
1856 
+85°7 +72°6 +62°4 + 49°3 +41°] +64°8 1857 
4 R4-2 +78°8 +62°5 +483 +369 +65°1 1858 
+85°0 +75°7 +62°4 +48'8 + 39°0 +65°0 
+79°3 +71°6 +64°2 +44°1 +31°5 --61°0 1859 
+83°1 +74°3 +63'0 +47°2 + 36°5 +63°6 
+72°4 +58°5 +43°3 +31°8 +59°3 1860 
+81°6 +73'8 +61'9 +35°3 +62°6 
+ 66°2 +68°7 +572 +41°2 +34°7 1861 
+78'5 +72°8 +61'o +45°2 +35°2 +61°4 
+726 +741 +61°6 +41°4 +30°1 +56°6 1862 
+77°5 +73°0 +44°6 +34°4 + 60°6 
+73°3 +646 +52°0 +39°9 +30°0 +53°6 1863 
+76'9 +71°8 +59° +43°9 +33°7 +59°6 
+753 +66°3 +59°2 +42°1 +29°0 +57°2 1864 
+76°7 +71'! +59°7 +43°7 + 33°! +59°3 
+73°5 +74°3 +65°8 +44°6 +36°0 +60°3 1865 
+76"4 +71°5 +60°4 +43'8 +33°5 +59°4 
+71°1 +66°4 +61°9 +45°9 +33°2 1866 
+75'8 +71°0 +60'5 +44°0 +33°4 +59°3 
+78°1 +67°2 +45°5 +579 1867 
+76°0 +70°6 +60°0 +44'I + +59°2 
+83°9 +70°0 +53°9 +373 | . +30°8 +58°4 1868 
+76°7 +70°6 +59°5 +43°6 + 33°0 +59°! 
+792 +68°7 +60°7 +38°0 +27°5 +58°3 1869 
+76'9 +70°4 +59°6 +43°1 + 32°6 +59°! 
+86°9 +70°5 +63°9 +44°5 +29°1 +60°8 1870 
+77°6 +70°4 +59°9 +43°2 + 32°4 +59°2 
+85°4 +76°4 +58°3 +419 +31°5 +61°6 1871 
+78'1 +70°8 +59°8 +43°2 + 32°3 +59°4 
+82°3 +55°6 +43°1 45955 1872 
+78'4 +70°8 +59°5 +43°2 +32°1 +59°4 
+7321 +376 +59°2 1873 
+78'1 +70°9 +59°4 +42°8 +31°9 +59°4 
+76°7 +67°3 +53°5 +39°3 +25°7 +58°4 1874 
“ +78'1 +70°7 +59°1 +42°6 +31°6 +59°3 
+73°4 +517 +40°0 +29°4 +57°4 1875 
+78'1 +70'9 + 58°7 +42°5 +31°4 +59°2 
+85°0 +72°7 +60°9 , +48°4 +30°6 +61°3 1876 
+78'5 +71'0 +58°8 +42°8 +31°4 +59°3 
+69°8 +59°8 +45°2 +30°6 +56°1 1877 
+78'2 +70°9 +58°8 +42°9 +31°4 +59'2 
+83°7 +757 +617 +31°9 +614 1878 
+78'4 +59°0 +42°9 +59°3 
+783 +73°7 +67°0 +50°2 +29°1 +59°2 1879 
+78"4 +59°3 +43°2 +31°3 +59°3 
+85°7 +80°7 +62°5 +44°4 +33°7 +62°7 1880 
+78°7 +71°6 +59°4 +43'2 +59°4 | 
+776 +73°2 +62°] +44°7 +30°4 +61°9 1881 | 
+78°7 +71°7 +59°5 +43°3 +31°3 +59°5 | 
+85°2 +56°9 +41°0 +26°3 +603 1882 
+78'9 +71°7 +59"4 +43°2 +31'2 +59°5 
+63°4 +45°8 +59°0 1883 | 
+78'9 +71°7 +59°6 +43°3 +59°5 
+80-0 +617 | | 4879 +25-4 1884 
+78'9 +71°8 +59°7 +43°1 + 30°9 +59°5 | 
+76°4 +70°1 +53°6 +38-9 +34-0 +57-4 885 | 
+78'9 +71°7 +59°5 +43°0 +310 +59°4 
+760 +736 +62°3 +456 +59-4 S86 
+78°8 +71°8 +59°6 +43°E + 30°9 +59°4 
+78°8 +725 +66°7 +449 +28°6 +62°2 887 
+78°8 +71°8 +59'8 +43°1 + 30°9 +59°5 
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PROFESSOR C, PIAZZI SMYTH ON 


Taste XXIX.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Winpv Force per Monru. 


Year. 


1867 


1870 
1871 
1872 
187 


1875 
1876 
1877 
1878 


1881 
1883 
1884 


1885 
1886 
1887 


March, April. 
Succes. Succes, 
Obsd. Means, Obed. Means, 
51°15 29°40 
58-28 35°40 
2°40 
58°59 43°50 
‘ro 
98-89 69-90 
66°73 44°55 
60°45 46°50 
6 . 
81°84 33°90 
68°20 43°10 
42°16 47°10 
64°48 
47°74 56°10 43°°7 
62° ‘2 
45°57 so¢0 | © 
60°52 43°60 
50°22 36°60 
45°88 46°20 
‘20 
‘Or ‘20 
66°03 46°80 
8°26 ‘40 
4433 | > | *4 
57°26 44°23 
40°61 49°80 
6'1 "60 
6797 | > | 4080 | 
6°26 
55°80 | > 6129 | 
40°30 44°10 
71°30 55°35 49-80 45°45 
56°19 45°68 
45°26 30-60 
‘92 
. ‘60 
63-20 |  * I | * 
8° ‘2 
938 | | | 4727 
60°08 47°51 
43°09 | 61°80 
"40 8°08 
gs97 | 5610 | * 
60°=< 8° 
113°15 74°10 
62°48 
6 6 
71°92 44°10 
63°85 49°70 
89°59 69-90 
64°71 
so29 | *” | | 
65°21 51°28 
56°11 58°80 
64°93 51°52 


24°49 
41°54 
26°04 


44°02 
36°58 
39°37 
35°34 
35°03 


45°88 
32°55 
40°61 
46°19 
44°64 


on | 
34°72 
49°29 
38°13 
40°92 


35°65 

45°26 
73°47 
56°11 


52°08 


62°62 
58°90 
50°53 
78°43 
65°41 
69°15 
64°48 
61°38 


| January. February, May. Sune dary. | 
| Succes. | Succes, | 
| Obsd, | Messe. Obsd, | yee Obsd. | Succes, Obsd. | Succes, Obsd | Succes, | 4 
| 1856 37°82 33-8 | j 
i 63°80 30°07 57 00 | 41°54 
1857 | 38°79 9°56 | | % 
49°56 19°50 | 48°05 | | 
1858 | 73°16 50-40 | | 27°28 | 38°25 . | 44°80 | me 
| 49°91 54°59 40°80 34°41 | | 4 
| 1859 | 91°45 74°76 | 32°93 39°10 
60°30 | | 49°80 | 44°64 | | 
| | 30°54 41°78 42°10 
1860 | 55-18 37-57 | 
| | 59°27 ne | 61°22 38°40 20°94 | 
| 1861 } 41-23 | 62:16 | 33°23 | 39°82 
| 56°27 | 61°37 26°40 43°71 ; 
1862 52°08 38°08 | 33°79 |. 38°65 39°89 
| 55°67 | 58°05 90°10 04°56 
| 1863 | 61:38 | 5320 | | | 
1864 47-74 | 3799 | 34°68 | 39°19 | 40°73 
| | 55°42 | 55°28 35 65 
| a Gex | 34°72 | 39°70 40°16 
1865 | 61°07 35°84 | | 3 
55°99 53°34 33°30 30°38 % 
| 1866 | 67°58 52°92 35°84 39°06 39°18 
| 25°80 | 27°90 | 
| 44°33 59°64 | 3554 | 37°85 89-94 | 38°16 
| 55°98 53°8 | 
1868 | 59°52 | 93:09 | > set | 37°66 
| 56°25 56°85 47°40 | 29°14 | 
56-73 57°40 | 36°75 37°94 | 37°01 | 
32°40 | 39°68 | 
| 50°29 | 50°89 | 
| | 37°31 | 37°54 37°20 | 4 
32°24 476 | | 
33-60 3255 | | 
42°16 59°36 37°86 37°28 | 30°89 | q 
54°62 56°43 30°40 35°65 | 
63°86 | 3808 | 38°35 36°86 | 36°67 
55°13 39°60 33°79 | 
55°88 | 54°41 49°30 | 35°03 | 
| | 38°47 37°45 30°43 pe 
54°25 | 38°92 | | | 
| 56°64 53°62 51 | 64 *] | 
93°31 | 83°16 | | | 37°63 | 
§8°31 | 54° | | 
59°52 oie | 38°96 | 38°52 
38°10 | 39°37 
58°36 54°66 | 
53°94 47°04 40°93 | 38°92 38°56 
58°18 | 54°34 40°50 | 62°00 | 
_ 38°99 39°54 | 
55°42 87° | 
58°11 | 55°65 | | 34°41 
99-37 4225 | | 39°25 39°33 3 
57°39 55 60 60°30 62°93 LG 
90°52 79°24 | 42°89 40°06 40°24 | oA 
58°61 | 56°47 | 51°30 46°19 ; 
90°21 | 111°72 43°17 _ 40°48 40°46 
| 47-40 | 48°36 
i21°52 92-5] 44°43 40°72 | 49°74 | 
61°87 59°62 | 47°70 | 34°20 
45°15 40°97 40°62 
72°85 75°60 | 
62°24 ‘obs 60°15 | 49°20 | 41°85 ; 
63°25 | 59°58 | 65°70. | 69°13 
85°56 66°64 | | 40°55 | 42°03 41°58 
63°95 | 59°80 | 41°10 53°63 4 
| | 47°01 42°00 41°96 
| 
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TaBLE X XIX. continued.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Winp Force per Monta. 


; August. September, October November, December, Mean Month Successive 
of Observed Means of the Year 
ovat. | | | | | | | | “cach Year. | 
31°31 50°70 27 28 29°10 57°97 42-26 1856 
32°24 41-40 39-99 33-00 71°92 41-05 1857 
30°69 50°40 58-90 32°70 55-80 47°57 1858 
35°80 49°12 44°18 33°52 59°36 47°30 
35°65 32°70 72°54 32°70 42-47 | 46°26 1860 
59°52 377 4-40 39°68 70°80 379 | >” 4787 1861 
o5-42 | 2°73 | 97-60 wr 64°17 24-00 66°65 44°27 1862 
35°34 50°70 45°26 | | 74-09 46°97 1863 
36°99 43°77 48°57 37°40 55°39 45°96 
2728 37°50 53°63 31°80 77°50 43°42 1865 
49-60 | | 36-30 | 50°84 ato | | 5229 sits 51°53 1868 
35°96 57°00 50°22 57°60 57°35 47-94 1869 
36°56 43°52 47°65 39°39 56°51 45°86 
26 04 33°90 46°50 31-20 39°68 38°27 1870 
39-06 = 31-20 44°02 40°80 42°29 1871 
28°83 45°60 56°42 57 60 50°81 1872 
38°44 40°20 40°61 49°50 60°76 43°95 1873 
| | | 773 | sen | | | 4° | | 48-04 
; 36°17 42°62 47°94 40°52 54°82 45°55 
39°37 37°20 80°91 46°80 56°11 44°32 1875 
56°42 40°80 62°93 51-00 81°84 61°10 ae 1876 
1526 | 7”? 50°70 83°39 73:30 | 6913 70°42 1877 
43°71 72-00 88°35 57°30 43°09 55°68 1878 
|” | e120 | 979 42°78 68°70 62°93 57°21 1879 
| 38°41 | 44°65 52°88 44°66 56°45 48°09 
25°73 44°10 59°52 84°60 75°95 56°74 1880 
| e231 | 45°00 104°47 111°30 75°95 68°33 1881 
59°21 51°60 64°17- 81-90 60°76 68°56 1882 
3-49 | 57°30 93-93 71-40 79°67 68°84 1884 
40°50 45°73 57°51 51°52 59°54 51°38 
52°70 73°80 76°57 57°00 88°35 68-04 1885 
5270 | 59°70 54°87 6750 | | 69:13 66°51 1886 
52°50 69°44 61:80 | > | 644s 59°18 1887 
41°21 47°26 58°40 52°51 60°90 52°02 
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Taste XXX.—SCOTTISH COUNTRY AND TOWN STATIONS, METEOROLOGY OF. 


Winp Force, AccumuLatep Quantities FROM Monta To Month. 


| January February. March, April. May. June, 
Year, 
| oma. | one. onus. ona, oma, ong, 
1856 37°82 101°62 152°77 182°17 212°24 269°24 
1857 38°75 8831 146°59 181°99 206°48 22598 
1858 73°16 123°56 182°15 225 65 267°19 307 99 4 
1859 91°45 16621 265°10 335 °00 36104 410°84 
60°30 119°93 186 °66 231°21 261°75 303°53 
1860 55°18 122°75 183°20 229°70 273°72 312712 
1861 41°23 103 39 185-23 219°13 255°71 282°11 
1862 52°08 90°16 13232 179°42 218°79 268°89 
1863 61°38 114°58 162°32 21842 253 °76 285°26 
1864 47°74 85°73 131°30 161-90 196°93 240°73 
55°42 110°70 171°22 214°82 249°54 28924 
1865 | 61°07 96-91 147'13 183-73 22961 262°91 
1866 67°58 120°50 166°38 212°58 245°13 270°93 
1867 44°33 103°97 154°50 gabe: 209°70 250°31 27971 
| 1868 59°52 152°61 218°64 265°44 311°63 359°03 
1869 56°73 114°13 158°46 200°46 245°10 277 °50 
56°29 113°18 170°44 214°67 251°98 289'52 
1870 32°24 79°84 120°45 170°25 215°82 24°42 
1871 42°16 101°52 159°49 200-29 235°01 267°11 | 
1872 66°03 122-00 177°80 242-00 291°29 = 326 °69 | 
1873 63°86 101°94 142°24 186°34 224°47 264-07 | 
1874 69°44 105°84 177°14 226 °94 267 ‘86 313°16 
55°88 110°29 166°48 212°16 250°63 28808 
1875 54°25 93°17 138°43 169-03 204°68 237 °68 
1876 13°47 126°83 220°14 279°24 324°50 376°10 
1877 93°31 176°47 244°67 326°57 400°04 460°94 
| 1878 59°52 107°40 — 182°42 — 230°12 286-23 324°33 | 
58°18 172°60 220°11 261°51 300°50 
1880 56°42 143°42 186°51 248°31 310°93 356°53 
1881 39°37 93°69 182°66 238 °76 297 66 307 
1882 90°52 169°76 282°91 35701 407°54 458 
1883 90°21 201°93 29462 359°42 437 °85 485 °25 
1884 121°52 214-03 28595 330°05 395°46 443°16 
| 61°87 I21°49 185°34 23504 280°19 321°16 
| ig 93°69 135°97 216°25 29486 35934 425°04 
| 1887 85°56 152°20 208°31 267°11 328°49 369°59 | 
| 63°95 123°75 188°68 240°20 287°21 32921 | 
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MEAN SCOTTISH METEOROLOGY. 


Winp Force, AccumuLatep Quantities FROM Monta to Monta. 
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July. August. September, October November. December 
Year 
310°78 342-09 392-79 420-07 449°17 50714 1856 
274°03 30627 347 °67 387-66 420°66 pa 492°58 1857 
342°40 373-09 423°49 482-39 515-09 570°89 1858 
455-48 504-46 558°46 6os99 | = 700-06 1859 
345°69 381°49 430°61 474°79 508 °31 567°67 
339-09 374°74 407°44 479-98 512-68 pa 555°15 1860 
325°82 385°34 426°74 466-42 537 ‘22 574°42 pe 1861 
323°45 348-87 arin 876°47 440°64 464-64 531 +29 1862 
317°19 352°53 403°23 448°49 489-59 563°68 1863 
76°38 310°17 95517 | 393-92 427-82 468-43 1864 
329°40 366°39 410°16 458°73 496°13 55°52 
29329 320°57 358-07 411°70 443-50 521-00 1865 
298-83 334°79 375°59 408°45 461°85 517 °65 1866 
311°95 342-02 sa5s2 | 428-29 459°19 pate 508°79 1867 
388°17 437°77 474-07 52491 566-01 618°40 1868 
317°18 353°14 410°14 460°36 517-96 575°31 1869 
326°72 363°28 406°80 454°45 493°84 55°°35 
281-97 308-01 341-91 358°41 419°61 459-29 1870 
36234 | > 391°17 43677 | | 550-79 609-69 1872 
| > *7° 336-30 376°50 417-11 466-61 527°37 1873 
sis19 | 391-28 440-78 | | 536°19 576-49 1874 
324°51 360°68 403°30 451°24 491°76 546°58 
271-47 310°84 348-04 428-95 475°75 531°86 1875 
440-27 496-69 | 600-42 651-42 wm 733-26 1876 
51929 | 563°55 614-25 697 °64 775-94 845-07 1877 
363°70 407°41 479°41 567 ‘76 625-06 668-15 1878 
maj 450°95 | ** | | 47° 623-63 686°56 1879 
340°04 378°45 423°10 475°98 520°64 57709 
390-94 416°67 460°77 520-29 604-89 680°S4 1880 
420-89 | 483-20 528°20 632°67 743-97 819-92 188] 
505-03 | 564°24 615-84 680°01 761-91 | 599-67 1882 
53361 | > 595-61 652-31 | 728°88 801-78 | 881-45 1883 
48036 | 53 503-76 | | 4975 674:99 746°39 826-06 1884 
361°78 402°28 | 448°o1 | §05°52 | 55704 616°58 
468-12 520°82 594-62 671-19 728-19 | 816-54 1385 | 
49417 546°87 606°57 | 728-94 798-07 1886 | 
423-29 461-97 514°47 58391 | 645-71 | 710-19 1887 
37017 412°38 | 459°O4 | 5§18°03 §70°53 631°43 
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PROFESSOR C. PIAZZI SMYTH ON 


Taste XXXL—MONTHLY ELEMENTS OF ALL SCOTTISH METEOROLOGY, REDUCED TO 


= 56° 30’ N.; Loneirupe=3° 40’ W.; Freer; Distance rrom Sea-Coast, 
Fastwarp, 40; West, 90; Nort, 120; Sourn, 120 MiLes;—anp For THE Mean Epocn oF THE 


ONE CENTRAL GEOGRAPHICAL POINT, VIZ.: 


Years 1856 to 1887 INCLUSIVE. 


Table, Subject. Terms, Jan, Feb, | March, | April. | May. | June, 
Old 
Tables, 
Barometric Mean — Inches, 29°764 | 29-831 | 29°833 | 29°888 | 29-930 | 29-928 
Monthly Range, Inches, 1°671 | 1°480| 1°446| 1°264/ 1°076| 0-919 
3 | Temperature, Mean in Shade, Fahr., 370 |38°4 |442 | 548 
4 | Daily Range, Mean in Shade, Fahr., 9°1 99 |11°8 /|141 |15°4 156 
5 | Mean of Max. Temperature by Day, Fahr., Expd. Bl. B., |} 48°'7 (561 |817 /|90°1 
6 | Mean of Min. Temperature at Nig t, Fahr., Expd. BI. B., | 283 |29°2 | 29°4 (323 /|35°9 | 419 
7 | Humidity, Relative, computed from the Wet an 
Bulb Sat. = 100, . 88 88 86 83 80 81 
Depression of Wet Bulb below Dry, ° Fahr., 15 15 1°8 2°0 30 3°0 
Depression of Dew Fahr., 3°5 3°6 40 4°4 60 59 
Elastic Force of Va , Inch, 0719 | 020 | O21 | O24 | OVS | 0°35 
Grains of — In eubte foot of Air, ; a Grs., . 2°20 | 2°30 | 2°40 | 280 | 3:10 | 3°90 
Grains further required to saturate that 
ada Grs., 0-40 | 0-40 | 0-40 | 050 | 0-90 | 1-00 
8 | Rain, Number of Days on which it heared Days, 17 15 15 12 13 13 
9 | Monthly Depth of Rainfall, . Inches, 4°03 | 314 | 2°83 | 2°24 | 227 | 233 
Annual Depth of Rainfall, Inches, - 
10 | Wind, Mean Force of, Lbs. Av. on Sq. Foot, | 2°06 | 211 | 209 | 172 | 152 | 1°40 
11 | Wind, Direction of, North, Days, 4 4 6 6 6 5 
12 a ms East, Days, 5 5 6 8 8 6 
13 » 7 South, Days, 9 8 6 7 7 8 
14 “a * West, Days, ll 10 10 8 9 10 
15 | Sunshine, No. of Hours of, per Month, . Hours, 63 85 124 162 201 217 
” ” per Year, Hours, - -- - - 
16 | Cloud, Mean Amount of, Hemisphere= 10, 6°7 6°5 6-4 63 6°2 6°2 
17_ ‘| Lightning, Days, 15 11 12 12 17 22 
18 Stations, . 12 8 6 13 19 26 
Days x Stations, 180 8°8 72 (156 |323 | 572 
19 | Auroras, . Nights, 2-0 19 20 18 10 01 
20 Stations, . 8 1l 9 8 2 0 
Nights x Stations, 160 |209 (180 14:4 2°0 0°0 
New 
Tables 
21 | Mean Maximum Temperature in Shade, ° Fahr., 415 |43°4 |45°4 [513 (565 | 62°6 
22 | Mean Minimum Temperature in Shade, ° Fahr., 32°55 |335 (337 | 411 | 470 
23 | Accumulated Rainfall, Depth, Inches, 403 | 7:17 |10°00 | 12-24 | 14-51 | 17-04 
24 | Plant-Growth Temperature, Above 42°, or + —155 | -101 | — 77 | + 66 +211 | +384 
25 |Accumulations of each kind of Plant- Growth }| Above 42°, or + -155 | -—257 | -339 | -341 | -341 | -341 
Below 42°, or 0| + 6] + 74| +285 | +668 
made good of Plant. Growth Below 42°, or _155 | -256 | | | — 57 | +397 
26a | Preparatory only for 27 and 28, 
27 Frost, Exposed in each month, Below 32°, or - -17°8| —16°0} -11°0/ = - 17 
28 ‘Fire, Exposed in each month, Above 32°, or + +340 | +44°2) +544) +647) +721 +797 
29 | Wind-force per month, .| Ibs: pressure xinto days) 63°95 | 59°80) 64°93 | 51°52) 47-01 42-00 
30 | Wind-force, Accumulated Quantities, 63-95 | 123-75 | 188-68 | 24020 | 287-21 329-21 
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Taste XXXI. continued:—MONTHLY ELEMENTS OF ALL SCOTTISH METEOROLOGY, REDUCED 
TO ONE CENTRAL GEOGRAPHICAL POINT, VIZ.: 


LatiTuDE = 56° 30’ N.; Lonerrupe= 3° 40’ W.; Herient=256 Freer; Distance rrom Genera Sea-Coast, 
EastwarbD, 40; West, 90; 120; Sourn, 120 Mires,—anp ror THe Mean Epocn or THE 


Years 1856 To 1887 


Table, Subject. Terms, July, | Aug. | Sept. | Oct. | Nov. | Dec, | ‘Mean of 
| Old 
Tables. 
| 1 | Barometric Mean Pressure, Inches, 29-879 | 29°86) | 29°833 | 29-814 | 29°817 | 29-779 | 29°846 
| 2 | Monthly Range, Inches, 0°897 | 0°74] 1°188| 1°466| 1°539| 1°563 290 
| 3 | Temperature, Mean in Shade, ° Fahr., 57-4 |568 |528 1466 |40°4 |37-7 | 462 
| Daily Range, Mean in Shade, Fahr., 150 | 145 136 119 103 95 |12°5 
| 5 | Mean of Max. Temperature by Day, Fahr., Exp. Blk. B., | 91°4 88°99 | | 684 | 70°7 
6 | Mean of Min. Temperature by Night, ° Fahr., Exp. Blk. B., | 44°99 |353 /|302 (284 /| 35-1 
- 
computed from Sat. =100, . 82 84 86 88 88 89 85 
et Bull below Dry, 3°0 2°5 2°0 1°8 15 21 
epression of Dew Point, Fahr., 5°8 4°8 40 3°8 3°4 45 
Elastic Force of Vapour, . Inch, 038 | 039 | 034 | 0°27 | 022 | 020 | 0°26 
Grains . oo ap m Soa Foot of ‘Air, . th Grs., . 430 | 440 | 390 | 320 | 260 | 220 | 3:10 
Grains further requi to saturate that 
bina Grs., . 1:00 | 0:80 | 0:60 | 0-40 | 0-40 | 0:30 | 0-50 
_ 8 | Rain, No. of Days on which it fell, Days, Sie iuwinswiwinwis 
| 9 | Monthly Depth of Rainfall, . Inches, 3‘ll | 3°40 | 3°74 | 4038 | 3°73 | 4°07 | 3°26 
Annual Depth of Rainfall, Inches, - - - |389°12 
10 | Wind, Mean Force of, Lbs. Av. on Sq. Foot, | 1°35 | 133 | 158 | 1°88 | 1°75 | 1°96 | 1°73 
; ” ” ays, 5 
13 # South, Days, 8 8 8 8 7 8 7 
West, Days, 12 11 10 10 11 10 
15 | Sunshine, No. of Hours of, per Month, . Hours, 211 182 145 110 77 60 136 
16 | Cloud, Mean Amount of, Hemisphere = 10, 6°5 6°3 6°4 6°4 6°5 64 
| Lightning, Days, 2°5 1°8 1°4 15 15 16 
18 Stations, . 29 25 17 13 10 9 15 
Days x Stations, 725 |238 [150 240 
19 | Auroras, Nights, 03 1°5 21 16 
20 Stations, . 0 5 8 ll Q 7 7 
Nights x Stations, 75 (168 |220 |189 /|140 /|112 
New 
Tables, 
21 | Mean Maximum Temperature in Shade, ° Fahr., 649 [640 [596 |525 [456 {525 
22 | Mean Minimum Temperature in Shade, ° Fahr., 50C (496 (460 |406 (353 (330 399 
23 | Accumulated Rainfall, Depth, Inches, 20°15 | 23°55 | 27°29 | 31°32 | 35°05 | 39°12 - 
24 | Plant-Growth Temperature, . Above 42°, or + + 478| + 457| + 323)+ 48] -— 133] +129 
25 | Accumulations of each kind of Plant-Growth }| Above 42°, or + — 341] -— 341) — 341| — — 396] 533 
Below 42°, or +1146 | +1604 | +1926 | +2068) +2075| +2079; - 
good of Plant-Growth Below and above 42°, | + 805] +1262) +1585] +1727| +1679| +1546] - 
Frost, fa Month, Below 32°. or + 21/+ 08! 33] 99) -146; -18°0| 9-4 
28 | Fire, Exposed in each Month, Above 32°, or + +80°6 | +78°8 | +71°8| +59°8 | +43°1 | +309] +59°5 
29 | Wind-Force per Month, . . | Ibs. pressure x intodays; 41°96} 41°21) 4726) 58°40; 52°51| 60°90] 52°62 
80 The bove from be ‘ | 
6 e above from be- | | 470. 02 | 70: 
Wind-force, Accumulated Quantities, 1 of 871°17 | 412-38 | 459-84 | 518-03 570-53 | 631-43 
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PART III. 


THIRTY-ONE CHRONOLOGICAL TABLES OF Mean Scottish Meteorotocy, Montu sy 
MonTH, FROM 1856 To 1887 INCLUSIVE,—EXPLANATIONS OF. 


These Tables are derived by immense condensation from the bi-diurnal observations 
taken voluntarily and with remarkable assiduity, by the observers of the Scottish 
Meteorological Society, at 55 of their stations scattered over the whole country of 
Scotland (Highlands and Islands included) ; and computed by order at the Royal Observa- 
tory, Edinburgh, for the purposes of the Registrar-General of Births, Deaths, &c. in 
Scotland, for every month in every year from 1856 to 1887 inclusive. 


1. Historic Origin of the Data. 


When the Astronomer in charge of the Royal Observatory, Edinburgh, was first 
called on by Government in 1858 to begin his part in the above Meteorological calculations 
for the purposes above stated, he found a generally excellent system already organised, 
and worked for two years by the late Dr Stark, then the enthusiastic Secretary to the 
Scottish Meteorological Society, as well as a scientific and responsible officer in the depart- 
ment of the Registrar General for Scotland. 

Continuing that system, the ordinary instrumental corrections were carefully applied 
at the Observatory, and monthly means, collected from the bi-diurnal observations of all 
the stations, were exhibited and printed, first for each station by itself, giving all its 
individual characteristics untouched; and next for the mean of all the 55 stations; or 
for something very like the one geographical and physical centre of the whole Caledonian 
country. For, such an extensive condensation of the records of many instruments and 
many observers would, it was hoped, possess a certain solidity of accuracy ; and justify 
confidence in it to a greater extent than any single observer, either in town or country, 
could ever expect to attain to. 

But there was still no opportunity of ascertaining for any month in any year, how far 
that season might be an extraordinary one, as touching any, much more all, the usual 
meteorological items of study. The historical element as to annual recurrences, agreements 
or disagreements, and cyclical rises and falls of many years, was then in fact entirely 
wanting ; and could only be expected to be supplied by continuous observation united 
with undeviating registration of them through many years. In a manner however 
quite suitable for a Government Observatory to engage in, and become responsible for. 
To supply this confessed want therefore, the Astronomer specially applied himself; and 
entered each month’s means for the collected country in ledgers, as the years went by, in 
the form best adapted for successive chronological digests being taken, for every succeed- 
ing accumulation of years from the beginning of the activities of the Scottish Meteoro- 
logical Society, down to the latest passing period. 

At first, from the frequently very great differences of the calendar months of one year, 
from those of another, even when the Mean of all the stations, or of the whole country, 
was concerned, these chronological means used to vary rather violently from each other. 
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But the differences were always decreasing, so that after 16 years had gone by, or in 
1871, I thought it useful for the public to print all those annual returns in the 13th 
volume of the Edinburgh Astronomical Observations, as a contribution to the successive 
time-features of the climate of the whole of Scotland. 

So quickly however has time gone on since then, that now 16 more years have been 
tabulated, and the final results are now for 32 years ;—giving thereby so great, though © 
still not perfect, assurance of the limits of the surprises which Nature may have in store 
for this people in future years,—that if the first list was positively worth printing, the 
second must be far more so; and has now even become necessary for the prompt refer- 
ences and methodical conclusions required for the Registrar General’s work, as that great 
task of his still goes on, perpetually functioning simultaneously with the life and growth 
of the nation, and following in its mighty footsteps without a moment's intermission. 

On this second occasion, however, of preparing for printing, besides the 21 Tables of 
which the old series consisted, taking up all the more ordinary, and orthodox meteoro- 
logical points, I have added 10 new Tables to represent the answers of observation to 
certain new requirements of scientific theory; and shall proceed therefore to describe some 
of their contents and bearing at rather more length than the others, after duly recording 
that the chief labour and merit of preparing the 21 old Tables up to the year 1880, out 
of the mzllions of figures concerned therein, were mainly due to the late Mr ALEXANDER 
Wattacr, M.A., then First Assistant Astronomer in the Royal Observatory, Edinburgh. 
While similar merit is now also most eminently due to Mr THomas Heath, B.A., of T.C.D., 
for continuing the old Tables from 1880 to the present year, and preparing the new Tables 
for the whole period from 1856 to the end of 1887. 

In September of that latter year, the 55 stations, carefully chosen for the Registrar 
General, by Mr ALEXANDER Bucuay, the present able Secretary of the Scottish Meteoro- 
logical Society, were distributed as follows through the 8 Registration Districts of the 
country, including islands as well as mainland. 


1. In the Northern, ; 6 Stations. 
2. In the North-Western, ; ; 6 -% 
3. In the North-Eastern, 6 hi 
4. In the East Midland, 
5. In the West Midland, 5 * 
6. In the South-Western, 
8. In the Southern, 5 
Total for all Scotland, ; ; . 55 Stations. 
and have for their Mean or Central point, Latitude. 


* The above given latitude and longitude are nearly those of “the fair city of Perth”; but the height above sea- 
level is nearly double, depending on the mountains North and West thereof, chiefly. Sea-distance from general Sea- 
coast however remaining untouched, viz., Eastward, 40 ; Westward, 90; Northward, 120; and Southward, 120, miles. 
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This distribution, and these component numbers have not been always kept up exactly 
every year, notwithstanding the best efforts of the Scottish Meteorological Society so to 
do. But it is hoped they have always been preserved sufficiently near in Geographical 
harmony, to prevent the final Meteorological Means being seriously perverted. Wherefore 
the tables now presented, though sometimes of only 50, in place of 55, stations, may yet 
be regarded with approximation as equally distributed about the country’s central position. | 
While of the original 55, no less than 31 have continued identical in place throughout 
the period from at least 1867 to 1887; though with 19 changes of observers amongst 
them. 


2. Of the Old Tables newly continued to the Present Time. 


Table I. contains that necessary feature for all Meteorology, the mean monthly Baro- 
metric Pressure for each month, of each year, reduced according to order and precedent 
both to the temperature of 32° F., and to the sea level. The pressure is given in terms 
of British Inches, and amounts on the means of all the months and all the years to 
29°846. But with an evident annual cycle having a Maz. in May and June = 29°929, 
and a min. in December and January = 29°764 inches. 

Table II. contains the Mean Monthly range of Barometric Pressure for all the stations, 
and amounts to 1°290 inch on the mean of everything. But with an annual cycle having 
a Maz. in the beginning of January = 1°671, and a min. in July = 0°897 inch. 

Table III. is the biologically, botanically, and commercially important return of Mean 
Monthly Temperature of day and night, strictly in the shade, in degrees Fahrenheit, and 
amounts on the mean of all the months and all the years to 46°°2 F. But with an 
annual cycle having a Maz. towards the end of July=57°°4, and a min. in January = 
37°°0 F. 

Table IV. is the almost equally important Mean daily range in each month of that 
shade-temperature; and amounts for a mean month of the whole year to 12°°5 F. Of 
which quantity, if half be first added to, and then subtracted from, the previous 46°:2, | 
we shall have the highest and the lowest shade-temperatures in the cycle of a mean day — 
of an annual average kind. See also the new Tables XXI. and XXII. But of such daily 
range there is an annual cycle; whereof the Maz. occurs in June = 15°'6, and the min. in | 
the beginning of January =9°'1 F. 

Table V. advances from Shaded to Exposed Temperatures, and by means of Black-bulb 
thermometers; of not always identical kinds, unfortunately; but for reasons stated on the 
back of the Observer’s printed Schedules by the Secretary of the Society. This Table V. 
then gives the mean of all the daily readings for each month, or the mean of the highest 
points reached every day in each month, at all the stations, by their Black-bulb thermo- 
meters, fully exposed, nominally to the Sun, really to the sky, but by day alone. It is 
therefore a very peculiar kind of thermometer reading, and claims for Scotland an 
average, on the mean of all the days of all the months, of all the years and all the stations, 
so high as 70°°5 F.; including therefore without doubt some 18° of Solar radiation as well 
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as the proper and acquired temperature in the shade of the atmosphere alone; which 
for the day half of the 24 hours is 46°2+6°2=52°4 F. But as to the annual cycle 
of these exposed Black-bulb day observations, its Max. occurs in July =91°4, and its 
min. in December = 47°°6 F. 

Table VI. gives the monthly means, of the cold extreme, or nightly observations of 
the same exposed Black-bulb thermometers, but now at night and the coldest part of 
each and every night. Establishing that such Mean, of exposed night temperature in 
Scotland, on the Mean as before of all the days of all the months of all the years and all 
the stations, is down so low as 35°°1 F.; and includes about 5° of negative radiation 
effects from the open night sky. The shaded thermometers at night yielding on the 
whole no lower result than 46°°2—6°°2=40°°0. But as tothe annual cycle of these Black- 
bulbs exposed by night, its Maz. occurs in July = 44°9 and its min. between December 
and January = 28°°3 F. 

Table VII. sets forth the Mean monthly Humidity of the air, as measured by the 
depression of the wet, below the dry, bulb thermometer ; and computed according to Mr 
GLAISHER’S well known and most practical tables. It is then found to amount on the 
whole year and years to 85, where saturation=100. While the number of grains of 
moisture in a cubic foot of the earth’s gaseous atmosphere, or any other direct and positive 
expression of the amount of moisture has to be computed from that 85 of Humidity in 
combination with the shade-temperature, and Barometric pressure at the time and 
place. 

But these having been already given, for the one general mean of all the stations and 
all the years, as 46°°2 and 29°846 inches, there results very nearly 3°1 grains of watery 
vapour present in each cubic foot ; 0°5 grains further required to saturate the same bulk 
of air ; and 0°26 inch for the elastic force of vapour present in the air. The depression 
of the wet, below the dry, bulb being 2°'1 ; and the depression of the computed dew- 
point below the observed dry-bulb being 4°°5. 

Or showing the general climate of Scotland to be usually within half a grain of 
manifesting visible mist, instead of concealing it as invisible vapour, or water gas. But 
taking the mere “‘ Humidity” return just as it stands, its annual cycle has its Maz. in 
December = 89, and its min. in May = 80. 

Table VIII. gives the mean number of days on which rain fell in every month ; and 
which, on the whole year and years amounts‘to the round number of 15 for every month. 
The annual cycle however shows itself in having a Max.=17 in January, and amin. =12 
in April. 

Table [X. represents the still more important feature of rain-fall, viz. its quantity, as 
measured by its depth when fallen. And while the table gives such depth for each 
month, it likewise gives the accumulated depth for each year, and the mean of the years, 
viz., 39°12 inches. A quantity however requiring immense alterations for individual 
localities, sometimes + and sometimes —, according to local position, as will be taken up 
in the second part of these Meteorological explanations. The annual cycle however 
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of the single months, which has for its mean=3°25,—has for its Maa. in December 
= 4°07, and for its min. in April = 2°24 inches, British. 

Table X. seeks to record the mean amount of strength of wind in each month of each 
year; the mean of the whole being 1°73 lbs. constant pressure by night and by day on 
every square foot of surface; implying a velocity of over 18 miles an hour. A high return, 
showing perhaps the effect of proximity to the sea-board of most of the Scottish stations, 
however centrally in the country the mean of the whole may be located. Or -perhaps it 
may indicate the difficulty of observing the true mean pressure of the air through the 
whole 24 hours, both independently of the impact of the rain drops, and the effect of 
momentary gusts on the feelings of humanity at the instant of observation. The annual 
cycle however comes out pretty evidently, with a Max. in February = 2°11, and a min. 
between July and August= 1°34 lbs. on the square foot. 

Table XI. gives the mean monthly number of days on which winds of Northerly direc- 
tion blew, that is, all those entered North, and half of those entered N.-east; with the 
same for those entered N.-west; and amounting per mean month to 5. The annual 
cycle of these North winds is rather obscure, having something like two Maz., one in 
April and one between November and December, each=6 ; and two min., one in January 
and February = 4, and another in August = 5. 

Table XII. gives similarly the number of days per month, on which Easterly winds 
blew, viz., 6. ya annual cycle showing a Maz. between April and May =8, and a min. 
in December = 

Table hg the number of days per month, on which Southerly winds blew, viz., 8. 
The annual cycle having a faint Max.=9 in January, and a faint and short-lived min. 
in March =6. 

Table XIV. the number of days per month on which Westerly winds blew, viz., 10. 
The annual cycle having its Maz. in August = 12, and the min. in April = 8. 

Table XV. gives the mean number of hours of Sunshine in each month, amounting on | 
a mean of all the months to 136; but varying between December and June from 60 to — 
217, for astronomical as well as meteorological reasons. | 

Table XVI. gives the estimated mean amount of Cloud per month, in decimals and 
tenths thereof, of the hemisphere; being, for a mean month=6°4. But varying between 
January and May between 6°7 and 6°2; or indicating a never very astronomical observ- 
ing climate. 

Tables XVII. and XVIII. both refer to Lightning. The former gives the mean 
number of days it is seen per average month,=1°6 ; and the latter records the number 
of stations reporting it = 15. 

The former kind of return arrives at its maximum in July, and=2°5; while the 
latter kind reaches its maximum also in July, and=29. 

Again the former kind attains its minimum in February, and=1°1; while the latter 
has its minimum very near it, or in March, and then registers 6. 

So that multiplying the two kinds of return together, we have— 
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Lightning max. in July =72, and Lightning min., between February and March=7. 

Tables XIX. and XX treat similarly of Aurora. The former giving the number of 
days on which it is seen per average month=1°6 ; and the latter recording the number 
of stations reporting it, viz., 7. 

The former table comes curiously and very decidedly to a double maximum; viz., 
in October=2°1, and in February=2°0. While the latter table confirms the former by 
coming also to a double maximum in the same months; viz., in October=11, and in 
February = 1). 

Again the former table comes to its minimum in June and July=0°1; but partly 
owing to lengthened twilight days ; while the latter table comes also to its minimum in 
June and July, for probably the same reasons, and averages then per month less than 1. 

Wherefore combining the two kinds of return by multiplying into each other, we have 
the first maximum of Aurora in any whole winter season, occurring in October and 
registering 23; the second maximum in March=22. And the one, or at least the utter 
minimum of the whole year between June and July, with a record of something less than 
1. While the comparative or necessary minimum between the two maxima, occurs in 
December, and reaches in its two components 2 x 7=14 on the whole return. 

The double annual maxima of Aurora are thus well marked out by the minima on 
either side of them, and are all the more interesting from being so absolutely opposed in 
date and character to the single annual maximum which Lightning obtains in the cycle of 
a year. That is tosay, Lightning has its one annual maximum in July, just when Aurora, 
but under forced conditions, reaches its one most conspicuous minimum of the year. 

While at the same time the dates of Aurora reaching its two maxima for any winter 
season, are not corresponded to inversely by both of those being dates for Lightning falling 
to a minimum; though the Spring maximum of Aurora does occur at the beginning of a 
nearly three-month’s minimum of Lightning, and corresponds rather to the period of 
dry North-East winds. 

So that on the whole, Aurora and Lightning, nothwithstanding that they may both 
claim electricity in large part for their luminous manifestations, are left by meteorology 
at singular points of variance with each other, just as spectroscopic analysis declares their 
molecular constitution entirely different. 

Thus far all these preceding 20 Tables of 32 years’ collection are the continuation of the 
older 20 tables of the first 16 years, under the same titles and the same numbers. But 
before we introduce their summings up for one mean epoch of time, as was done in the 
old Table XXI., to be re-introduced presently as Table XX XI.,—let us describe the new 
Tables already alluded to, and to be numbered from XXI. to XXX. inclusive. 


3. Newly prepared Tables for New Derivations from the Old Observational 
Meteorology. 
Thus of the new Tables XXI. and XXII., the former of the Mean monthly Maxima, 
and the latter of the Mean monthly Minima, of Temperature in the shade,—it should be 
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explained that they are prepared to satisfy a want, often expressed in public, as to having 
these extreme quantities, or limits in either direction for the daily cycle of that kind of 
temperature clearly set before the eye, without giving the head of the reader the trouble 
of deducing them by simple arithmetic from the old Tables III. and IV. Where Table III. 
is the mean Temperature of the 24 hours in the shade, and Table IV. thedaily cycle orrange © 
of differences of the said shade Temperature in the same length of time. One half therefore 
of this latter quantity has been added to the old Table III. to form the new Table XXI; and 
one half subtracted from the same Table III. to produce the new Table XXII.; and both 
of them for every month, of every year from 1856 to 1887 inclusive. 

According to which new Tables XXI. and XXII., it will be seen as a first step, that the - 
daily shade temperatures at any hour of the day in the coldest month, or January, will be 
on the average of 32 years, somewhere between 32°°5 and 41°°5. And similarly for the 
hottest month, or July, the daily shade temperature will then be anywhere between 50°°0 | 
and 64°°9. Which four quantities give a mean of 47°:2; indicating July to be more in 
excess by solar influences above its neighbouring months, than January is in defect below | 
its neighbours ; or again it gives a useful warning, much required in Meteorology, that 
the mean of the two extremes of a cycle, is by no means necessarily the mean of all the 
smaller component portions thereof. For, taking the means for all the 12 months, 
instead of for 2 only, there comes out again the 46°*2 that appeared in our account of the 
old Table fII., as the Mean Temperature of the whole year. 

Table XXIII., of Rain-fall depth, is based on the former Table [X.; but instead of 
beginning each month’s chronicle of depth frm zero, goes on accumulating it, month 
after month from the beginning to the end of the year; and this is believed to be a 
- form of representing the rain-fall much approved by both agriculturists and engineers. 

Table XXIV., of ‘‘ day-degrees” of useful Plant-growth Temperature, sets forth per 
month the resulting number of Fah. degrees in the mean shade temperature of the month, 
either above or below the newly supposed botanical dividing plane of 42°:0 F., multiplied | 
into the number of days in each month, agreeably with the new method practised by the 
Meteorological Office in London; and evidently giving the duration, as well as the 
intensity, of such or such a plant temperature in any and every month. 

In this first Table (X XIV.) therefore of this kind of return, we see that the average 
number of such positive day-degrces of possible botanical activity, performance and result 
in an average month of the whole year is 129°. 

Or again that the negative affects, which are — 155 day-degrees in an average January, 
have become +478 in an average July, and sink down again to —133 in an average 
December. 

This Table XXIV. will therefore serve conveniently to compare any month in one 
year, with the same month in another year; but will not suffice to show instantly 
how the vegetation of any year, at some particular epoch of it, is getting on upon the 
whole ; and whether towards the end of it the plants have received all the stimulus and 
all the time they require for perfecting their growth and ripening their seeds. 
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(Table XXV.) But towards this end, Table XX V.,—which is of double extent, has, in 
terms of the same day-degrees of botanical temperature, an accumulative.character as well ; 


and goes on adding up in separate columns, from the beginning to the end of the year, 
_month by month, the negative day-degrees in one column, and the positive day-degrees 
in another. 


(Table XXV. cont.) Whence we may see at once for either any year, or for the mean 


_ of all the years, how much negative or repressive effect, vegetation had to withstand during 


the earlier part of the year ; then how much positive and encouraging effect it received 
during the middle of the year; and finally by how much increase of cold, combined with 


duration of the same towards the end of the year, the growing powers of plants were 


sealed up again in winter sleep. 

(Table XXV. cont.) On an averageof all the years the repressive effects of the beginning 
of the year have exhausted themselves in the first three months, after scoring 341 day- 
degrees of botanical cold. Then begin and increase through the next seven months, or 
April to October, both inclusive, the positive day-degrees of botanical life and growth, 
scoring at last 2070 of such degrees. While after that, begins the cold of November and 
December, adding 192 day-degrees of cold to the Spring’s 341°; or making the repression 
= 533 day-degrees of cold for the whole year ; and leaving the positive effects of summer 
in excess by 1537 of such degrees. Out of which number, both Nature and the farmers 
of Scotland have to get all their annual living as they best can. 

(Table XXVI.) Both Table XXIV. previously described with its statical quantities, 
and Table XXYV. last described with its guas: dynamic and accumulative ones, are often at 
variance with themselves, on contrasting one year with another, on account largely of the 


variability of our climate. So that in some years, some amount of positive botanical tem- 


perature begins in March ; but is immediately followed by so much botanical cold in April 


and May, that the true spring of vegetation for the year only begins in June. Where- 


fore the false start it received so early in March, is a disastrous thing for the plants, and 
typifies an unfavourable, rather than a favourable, agricultural year. Hence a better 
notion of when the growing period really begins, may be obtained from the present Table 


XXVI., now to be described. It is a cumulative Table also, and of botanical day-degrees; 


but has its summations made up and combined in one monthly column only, and according 
to algebraic sign. The negative symbol therefore of the resultant, only changes into the 
positive, when the latter has, in a manner, eaten up the former: and the dates so obtained 
for spring-tide, are later than what would be derived from the first Table, viz. Table 
XXIV., but far more assured and practical. 

(Table XX VI. cont.) Hence by Table XXVI. Plant-growth, as shown by the negative 
quantities at the beginning of the year changing into positive, begins on the average of 
Scotland soon after the middle of May. But there have been years when it did not begin 
until the end of June, and others again when it fairly began before the end of April. 

(Table XXVI. cont.) In a similar manner the growing and ripening period in Autumn, 
if held to be defined by no more accessions of botanical heat, ends on the average with 
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October. But there have been years, and Table XXVI. will show which they are, when 
the heat-accession went on increasing up to, and even including, all December. 

(Table XXVI. concluded.) Again the absolute amount of botanical day-degrees of 
heat, recorded through each annual cycle, is so very different in different years, that while 
in the usual fulness of October, the average amount is 1727°—there have been some years 


when it reached 2216°; and have also been others when it attained to no more than © 


971°; or something ruinous then to those very crops, which had been a distinguished 
success in other years. 


4. Frost and Fire. 
(Tables XXVIa., XXVIT. and XXVIII.) All the previous new thermometrical Tables 


from XXI. to XXVI. inclusive are founded on the means of shaded thermometers. But — 
there is another class of temperature observations, viz. of the exposed Black-bulb thermo- | 


meters, in their occasional excesses once a month, both by day and by night, which are far 
more immediately suited to indicate some of the most trying influences to which all 
open-air structures, whether natural or artificial, are liable, both on their outside surfaces, 
and to some small depth within their substance according to its conductibility for heat. 
The important dividing thermometrica] plane to measure from in this case, being, how- 
ever, by no means the 42° F. of plant life, but the far more widely acknowledged 32° F., or 
the very freezing point of all watery Nature ; and that which brings on the often sudden 
change in water from its fluid, to its solid, condition, with all its then visible whitenings, 
irresistible expansions, and splitting of rocks exposed to it, with hardening of soft ground, 
and stoppage of building, agricultural and inland-navigation work. 

The efficient quantities therefore to be entered in these Tables XXVII. and XXVIII. 
are, for the benefit of practical men, not so much the actual readings of even the said 
exposed Black-bulbs by night and by day (as entered preliminarily in the large Table 


XXVIa.), but the differential amount of such readings in degrees, under or over, — or | 
+, 32° F. And again they are not founded on the means of those exposed kind of read- — 


ings for every day, and every night of the month (when day-degrees in monthly sums © 
might be demanded, to show effects of long continuance ; and many an acute, if not crucial, — 


experience of a single hot day, or a single freezing night, might be concealed)—but on | 
the one extremest reading each way, or the highest one by day, and the lowest by night, — 


during each whole month; at every Black-bulb station, i.e., the mean of all of them. 


There is still therefore the effort, according to the whole tenor of all these 31 Tables, — 


to present such a return by a mean from a number of stations; and not to risk the 
character of the whole country and the interests of science on the unsupported testimony 
of a single observer ; and this whether such solitary recorder’s station should have been 
arbitrarily chosen in preference to all the rest ; or whether the one, absolutely highest 
reading of all the Black-bulb stations should be taken each month, and quoted anony- 
mously, though it might appertain to a different station every month. 

Now this last plan was the method, for certain reasons, adopted from the beginning 
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by the Registrar Gencral in Scotland ; so that in that Officer’s quarterly returns, while 
the Black-bulb observations which we have utilised for Tables V. and V1. are the means of 
the readings for every day, at every Black-bulb station,—the extreme readings entered 
_ alongside them, refer to only one day and at some one, or any, station, whose name does 
not transpire, and may be different every month. 

| As such a return would not suit the present 32 year discussion of means only,—Mr 
_ Heats, First Assistant, has been at the pains of going back over all the years of all the 
_ stations, and picking out the max. and min. readings of each, for every month, of every 
| year; and taking the means rigidly, according to the varying number of stations at work 


at the time. 


This proceeding, however, has brought into prominent view, not only the terrible 
differences between the extreme readings of one station and another, as for instance 30° 
or 40° (and which may be characteristic of Black-bulb exposed thermometer observa- 
- tions); but has also shown the utter defalcation from the original published plan of the 
- Scottish Meteorological Society and the Registrar General as to the number of stations 
- combined to give the Meteorology of the country. For while, for Barometric Pressure, 
_ Temperature in Shade and other important returns, the one mean quantity finally given 
out, represents seldom less than 55 stations,—the Black-bulb returns. 


Began in 1857 with 3 Stations. 


Increased in 1860 to 16 __,, 
1864 to 23 __s,, 
Decreased in 1873 to 20 ,, 
1876 to 18 
1880. to 16 


It seems therefore fairest for the public, and most honouring to the enterprise and 
devotion of those enthusiastic observers who did cultivate this extra branch of Meteor- 
_ ology, that their individual stations should be known by name, so long as they alone con- 
_ tributed the sparse items, which have hitherto passed as the condensed work of more than 
_ twice, or thrice their number of stations. To this end therefore Mr HEatn’s great table 
XXVIa., with his valuable and indeed unique collection of results of Black-bulb observa- 
tions, names of stations, and summations as well as means for every month, has been in- 
troduced entire; and forms the solid foundation on which the next two Tables XXVII. 
and XXVIII. have been prepared. They show too precisely, on the testimony of all the 
data of the kind, available over the whole country, the extreme temperatures in Fahrenheit’s 
Scale, to which exposed surfaces are liable by day and by night in Scotland, during any 
_ cycle of 24 hours. 

To distinguish these deductions from such extreme returns, effectually from all shaded 
‘Thermometer readings, and also from the simple mean readings of the exposed Black-bulbs 
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themselves for every day in the month, as given in the older Tables V. and VI.,—I have 
called these special figures of the new Tables XX VII. and XX VIII.—borrowing the phrase 
from the powerfully written geological volume of that too short-lived man of rare genius, 
the late CampBELL of Islay,_—Tables of “ Frost and Fire.” 

Table XXVII., representing “‘ Frost,” or the greatest depression of temperature below 
32°, observed on one night in the month, but at the mean of all the stations actually 
named, under the corresponding date in the previous bulky Table XXVIa. 

And Table XXVIII., representing “ Fire,” meaning of course the Solar fire with its 
marvellous powers of heat radiation on its one maximum day in the month, but at the 
mean of all the stations particularised for that date, as before, in Table XVIa. 

For the ‘‘ Frost” return alone, these numbers of Table XX VII. are not very different 
from those given already by the exposed Black-bulbs as their mean of every night ; or say 
12°-5 lower ; or by the mean of every night of the shaded Thermometers, viz. 17°°3 lower, 
than them. 

But for the “ Fire” returns, the numbers of Table XXVIII. are greater than what 
were deduced from the exposed Black-bulbs on the mean of every day by 20°°8; and from 
the mean of the shaded Thermometers by no less than 39°°0 ; and this on the mean of all 
the months of the average annual cycle. 

What is still more important too, as indicating the Solar origination of the excess, is, 
that this last extra quantity, though attaining only 34°-0 at mid-winter, rises to 80°°6 at 
midsummer, and cannot be neglected by open-air workers, either as a natural phenomenon, 
or a practical fact testifying to the existence of an orb in the heavens above us by day, 
of far more intense powers of heat-radiation, than there may be of cold radiation at night. 
Entirely vitiating therefore the assumed official method of taking certain means, by 
attending to the two extremes only. For if we take the mean of the hottest “ fire,” and 
coldest “ frost” month in a year, viz. + 80°°6 and —18°°0, their mean comes out 31°°3 ; 
but if of all the 12 months of each kind, viz. + 59°5 and —9°4, that result is only 25°°0; 
i.e. 25° above 32°=57°°0 F.; just as the first result means 31°°3 + 32°°0 = 63°3 F. | 

Even too does this intense Solar radiation in summer on exposed surfaces, make © 
itself felt, though rarely, in some interiors. For on entering the dark, yet ventilated iron | 
Dome of the Royal Observatory, Edinburgh, on the 17th of last July, and finding its — 
atmosphere most unduly warm, I traced that effect to the invisible heat-rays coming — 
through the solid iron plates at, and about, where the Sun was shining on the outside ; — 
and with such force, as to produce a feeling on one’s face (though in darkness, and at a — 
distance of several feet from the hot iron), like the sun-burning of an African desert. 

While on testing further the actual contact effect, by placing my hand on the middle 
of the back of each curved plate, above the cylindrical part of the Dome,—I found that 
there were four of those plates, extending over 90° of azimuth, so hot, that I could not 
_ keep my hand’s palm on them in close contact for more than a few seconds at a time. 
The plates next on the right and left of that horizontal subtense being only agreeably 
warm ; and beyond that range rather cool than otherwise. 
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There are however some further deductions as to the annual cycle of Solar effects in 
this country, which it may be worth while to allude to at this point, from Mr Hearn’s 
peculiar Tables of Frost and Fire ; as thus,— 

(1) There are only two months in the year, July and August, when the exposed 
temperature does not go down, on some one night or other, below 32° F., so that we may 
say, Summer in Scotland lasts only 2 months. 

(2) But Winter lasts for 4 months, viz. December, January, February and March ; 
the last named being specially the month of snow. 

(3) Spring lasts 3 months, viz. April, May and June; and Autumn also for 3, viz. 
September, October and November. 

(4) Or again it may be stated, that there is frost in the air of exposed places at night, 
during the 6 first months of the year, and the last 4. Wherefore in the matter of frost, 


June pairs with September, 
May with October, 

April with November, 
March with December, and 
January with February ; 


these latter being the most frosty two, just as July and August are the least frosty two. 
Not however the most fiery two ; for the occasional temporary heats in June, assisted by 
the greater altitude then of the Sun ;—exceed those of August. 

(5) The actual numbers, nevertheless, may be more satisfactory to be perused; and 
are given thus, together with the mean radiations by Black-bulbs every night ; and the 
mean temperatures of the Shaded Thermometers, also on every night ; thus, but all in 
terms of excesses below or above 32° F. 


“Frost” RETURNS, BELOW OR ABOVE 32° F. 


Jan, Feb, | March, | April, May. June, July. Aug. Sept. Oct, Nov Dec. | 
Radiation on one night per 
month, . -17°8| -15°5| -110) -—81 | + 211} + 08] 33) -99 | -146] -18°0| -9°4 
Radiation on mean of all 
the nights per month, .| — 3°7| 2:8) 26/ + +39 | + 9°99} +12°9| +122] + 85/ | 18] - 36) +34 
Temperature, by shaded 
thermometer on mean of 
all the nights per month, | + 0°5| + 15) + + +91 | +150| +180) +176] +140/| +86 | + 33] + 10/ +7°9 
“ Fire” RETURNS, ALL ABOVE 32° F. 
Jan, | Feb, | March.| April | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec pba 
Radiation on one day per 
month, . | +34°0 | +44°2 | +54°4 +64°7 | +72°1| +79°7 | +80°6 | +78°8 | +71°8 | +59°8 | +43°1 | +309) +595 
Radiation on mean of all 
the days, | +187 | | +41°7 | +49°7 | | +59°4/ | | +36°4/) +23°4| +15°6) +38°7 
Temperature, by shaded 
thermometer, on mean of 
all the days, . + 95] +11°4] +13°4) +193 | +24°5 | +30°6 | +32°9| +32°0 | +27°6| +205) +136) +10°5 | +20°5 
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5. Wind Force and Annual Cycles. 


(Tables XXIX. and XXX.) But after all that may be said for distinguishing various 
climates in Scotland, by all the possible refinements and varieties of Thermometrical 
registrations,—the practical results of the small limits of temperature-variation so 
found in this land, may be entirely overborne for the general population, unless aided © 
by a concomitant and discriminating territorial return for each spot, of the wind force 
really prevailing there. For extra violence and constancy of wind movement, which is 
too often met with in Scotland, is of a most pernicious character in its effects on both 
human health and industry, as well as on plant life and growth ;—to an extent moreover 
not sufficiently taken notice of yet, in most of the scientific meteorological Journals. 

Thus as to the former more valuable kind of existence and activity, the human,— 
the most freezing days even of mid-winter by the thermometer, are often accounted, by 
those who undergo them, most pleasant and enjoyable, if it can only be said “ that there © 
was not a breath of air stirring at the time.” While, on the other hand, in special 
situations where the sea-winds may blow perpetually, though they do happily prevent 
the thermometer from ever going down much below 32° F.,—yet they cause all the human 
discomforts and even distresses of really severe cold to be felt to an extent that is both 
ageravating, lowering to the whole system, and often intolerable. 

And then as to wind effects, whether in low or high degree, on botanical kinds of life 
and growth,—take the highest expression of plant glory, as it appears in a gigantic, 
wide-spreading, many-storied, leafy tree; in what sort of country as to wind-force do | 
you find that? 

The old Roman poet had such a tree in his mind’s eye, when he wrote for the delecta- 
tion of the world through nearly two millenniums of years following, 


“ Tityre, tu patule recubans sub tegmine fagt.” 


Some 15° to 18° of extra mean-temperature above the Scottish, may have aided in 
that particular result, but more in determining the kind, thin the size and shape of the 
tree. For almost as fine examples in measure of what Nature can do for other species of | 
trees, may be found in many a sheltered valley or home park in Perthshire or Inverness- 
shire ; simply because in those recesses the conditions as to wind force, approach those ~ 
of the old Roman tree, grown as a later poet has declared, under 


“The tempest-proof, pavilion of the blue Italian sky.” 


And the demonstration thereof is not far to seek; for within a few miles only of | 
those more quiet neighbourhoods of the Scottish midlands, but down by the sea-coasts | 
or up on the hill-tops the perpetually roaring gales of wind have caused a tree, of any — 
Species whatever, if seen at all, to become a mere ragged, lopsided, leaning-over bush; a 


mere scare-crow of vegetation, and a rarity which the native horses are said to shie at if 
met with by some road-side. 
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While if the geographical inquiry be pursued still further, to the smallest, the most 
exposed, and the most wind-vexed of the Shetland Isles,—trees are not only said to be 
non-existent there, in any size or shape; but the local botany, if here and there larger 
than mere grass or moss, assumes only a hummocky form, half-earth, half-compacted 
leaves, roots, and water; under which humps no man can hide his head from the possible 
Sun, or shelter it from the ever-present whistling wind and shrieking blast ; while a lost 
sea bird is wheeling in the dark grey sky above, and the white horses are prancing in 
driving mist over the deep blue waves below. 

So far too is this inhospitable vegetation from being a necessary consequence of the 
simple coldness of a high northern locality, that in the very same Latitude-parallel as 
those bald and frowning islets of ours, but away to the East in the midst of the immense con- 
tinent of Russia in Europe and Asia combined,—which has winters terribly more severe 
by the thermometer, but keeps the winds of her sea-coasts far, far away, as magnificent 
forests of trees in point of size (but usually with very small leaves), spread their branches 
on high, and rear their spiry heads, as in any of the warmer parts of the world. But then 
it is in an atmosphere where calms prevail for weeks, and almost months, at a time; and 
snow, once fallen, remains mechanically undisturbed for a large part of the season. 

In view, therefore, of this immense importance of the strength-of-the-wind element in 
the climate of our rather over wind-swept country, Tables XXIX. and XXX. have been 
constructed to call attention to the terrible significance, if true, of the few little figures often 
employed, almost at hazard, to express the mean force of the wind, by day and by night, 
and summer and winter, at many a station, of which better things might have been 
expected ; but where, of course, choice plants cannot grow upwards and flourish, if they 
have really something like 3000 day-pounds pressing them down to the earth on every 
square foot of their surface, from one year’s end to another. 

Finally, TaBLe XX XI. does little more than sum up and take the means of each of the 
preceding Tables of years, so as to present them for one point of time; as they were 
already presented for one point of space; and they being clearly titled will explain 
themselves without further letter-press, beyond a few words on the Humidity of the air. 

This curious but important technical name or quality, means little definitely, when by 
itself ; but everything when taken in conjunction with the shade temperature and 
Barometric Pressure. ‘These quantities are no doubt given in Tables III. and I.; but the 
derivation thence of what the “ Humidity ” return really means in absolute physics, is a 
rather intricate calculation; which every one is not always ready and willing to perform, 
even with the help of Mr James GLAIsHER’s very convenient “ Hygrometrical Tables.” | 
have therefore added here, and from thence in an approximate manner, to the Humidity 
and Temperature, the other forms in which Moisture of invisible water-gas may be 
chronicled; and trust they will be found useful in comparing these tables of Scottish 
Meteorology with those of other countries ; seeing that some Meteorologists concentrate 
their Humidity expressions in one, and others in another, of these separate terms. 
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6. Supra-Annual Cycles of Weather and Solar Phenomena. 


But before taking leave of the previous average Tables of many stations reduced to one 
central point of the country, with discussions of their most evident solar annual cycles 
from month to month throughout every year,—let us, as in duty bound, when so enor- 
mous a mass of reduced observations is before us, and spreading over a continuous range of 
32 years,—lIct us I say examine that series of results from year to year, and see if there 
are any symptoms of super-annual cycles of rise or fall in any of the Meteorological 
elements. And if there be such, whether they can be connected with any sufficient 
cause in Nature, to account for their production. 

If the Sun so decidedly rules the annual cycle, as we have already seen that it does, 
and is a mysteriously fiery, boiling orb,—he should be at least questioned as to any 
super-annual variations that may be found in our terrestrial Meteorology. And if such 
had been discovered only a few years ago, how ready many persons would have been 
then to hail them as simply dependent on the 11 year spot-cycle of the Sun’s luminous 
surface. But of late, ramours have gone forth from high quarters that in recent years the 
Sun-spots have failed, and that no one believes in them now ! 

Is it however the Sun-spots themselves that have failed, or certain human theories 
about them which have broken down ? 

Certainly if any persons have imagined that each 11 year cycle of spots is just as like 
every other one, and should be accompanied by as closely similar weather on the earth, 
as if they were all the successive revolutions of a cast-iron wheel,—that is an egregious 
mistake ! 

Or again if the same persons have fancied that any influence from the Sun on terres- 
trial meteorology, was bound to produce a similar shaped curve of projection to that 
particular feature of the spots, viz. their united area and its growth with time—which 
many observers having hitherto found it the easiest task to measure, do therefore too often 
content themselves with, though the spots themselves are not the efficient cause of great 
changes in the Solar radiations,~-that is another and equally grave mistake ! 

In fact you might almost as well have micrometrically measured from day to day, and 
month to month through the years 1884 and 5 the area of red-haze clouds spread over 
the sky, and neglected the previous Krakatoa eruption which took place in 1883, and 
really originated them all; although too that mountain’s crater is so small as to be in- 
visible on an ordinary geographical globe, and its actual action was all over in two or 
three days. 

But it started then instantaneously several sets of undulations, which went round 
and round the earth, sometimes running together to raise their maxima, and depress their 
minima, and sometimes again nearly neutralising each other, but on the whole decreasing 
continually from the Krakatoa date,-very much in the fashion of what was shown to 
characterise the super-annual cycles of earth temperature, in my discussion of the Edin- 


burgh Earth-Thermometers, before the Royal Society of Edinburgh in 1880. 
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Moreover it was then abundantly proved, that the chief manifestations of terrestrial 
temperature were by no means simultaneous with the greatest tabulated areas of Sun- 
spotted surface; but were on the contrary singularly coincident with something that 
rapidly took place in the Sun, during the first or second year only, or near the very 
beginning of each 11 year cycle of spot making and growing ; and that this peculiarity 
was borne out through a series of 5 of the cycles at least. 

Such manifestation too of extra temperature as then occurred on the earth, was not 
a long continued, broad and quiet existency,— but more like the acute crest of a sudden 
wave, followed always, and preceded too, within a year or two, by abnormally low hollows ; 
or, so to speak, waves of cold. But all of them testifying to a violent variation of the 
Solar radiating energy, occurring at or near the beginning of each Sun-spot cycle, and 
being the one chief phenomenon of canes Ta to be recognised if possible, in each succes- 
sive 11 years, more or less, period. 

Now has that triple phenomenon failed of late years ? 

The unprecedentedly large number of the Scottish Meteorologic observations at 
present under discussion, eminently declare that it has not! 

But how is such a point supposed to be proved ? 

In the present imperfect state of any Solar-physical theory, no dependence can be 
placed on any expectation of what future Sun-spot periods are to be. We can only 
trust actual observations of what they are, or have been. My first proceeding therefore 
on the present occasion was to obtain the observed number of new spots in each 
year, from 1856 to 1887. The first 22 years of that interval were supplied from | 
the plate in the XXIXth Vol. of the Roy. Soc. Edin. Transactions, and the last ten 
years have been kindly furnished to me by Mr G. M. Wuippte, from observations 
carried on, under his superintendence, at the Kew Observatory, in continuation of those 
of M. ScuwaskE, the first discoverer of any kind of periodicity in the Sun-spots. 

All these observations being duly projected for nnmbers and time, form three very 
distinct undulations. The third and last is indeed not yet completed, and will not be 
probably until 1890; but the limits of uncertainty in the shape of that part of the wave, 
are far too small to influence the whole result from 1856 to 1887—-which is the full time- 
range of the Meteorological Observations they are to be compared against. 

At the top therefore of each of our 14 Plates I have repeated those three, or to be 
accurate 2 and 44, Sun-spot waves ; and beneath them, for simultaneous times, have pro- 
jected the chief of this historic series of Scottish Meteorologic Observation Tables, as now 
presented to Royal Society, Edinburgh. And on looking through all these faithful 
Plates, in which do we find most, if any, approach to the Sun-spot cycle deduction just 
described; that is, in the testimony to a starting of a new set of undulations in the first 
or second year of each such cycle ; 1.e., in the years 1856-7, 1868 and 9, and 1880? 
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7. Temperature, Barometric Range, and Sun-Spots. 


Without any doubt the greatest similarity in that way will be found in the seven! 
temperature returns ; and after scanning the projections of each kind of temperature by 
itself, reference may be made to the composite Plate No. V. giving the mean curve 


derivable from the mean shade temperature, the maximum shade temperature, and the , — 


Black-bulb by day exposed thermometer. The characteristic outbreak being nearly as 
distinct in the beginning of the presently existing, not yet terminated Sun-spot cycle, 
as it was in either of the earlier cycles; or for the dates now confirmed by the tempera- 
ture observations, of 1856-7, 1868 and 1880. While of the last we may further = 
attention to the exceedingly cold waves both before and after the hot wave. 

But all the Terrestrial elements of Meteorology need not be exactly similarly and 
synchronously excited by Solar innate energy, when that is suddenly re-awakened at or just 
before each of the above three dates. And accordingly the next most remarkable depen- 
dence on a new Sun-spot beginning, but rather later than the temperature shock, say in 
the years 1860, 1870 and 1881, is found, first in the projection of Barometric pressure, and 
then and still more remarkably, in that of the Monthly range of that same kind of pressure. 

Now that is an important double result to have arrived at, because the Barometer is 
the most accurate and dependable instrument which Meteorologists possess. It is one 
too with which it is almost impossible to make a bad observation for this purpose ; one 
where no prejudice can exist at the time of making the observation; and where the 
numbers chronicled refer to something invisible to the eye, imperceptible to the feelings, 
and yet allowed already to be at the base and root of almost all Meteorology ; hardly 
ever too suspected to be in cosmical alliance with Sun-spot cycle beginnings, by the actual 
observers at the time. 

Yet look in these plates on the three Sun-spot cycle waves above, and the three groups 
of pressure range undulations below; both in the original simple Plate, I; and in the 
composite Plate II., where the absolute Barometric Pressure is combined with three times 
the value of the Monthly range thereof. And observe also how the third Sun-spot cycle, 
is borne out just as well as either of its predecessors, if we take account of its greater 
variation in shape from a standard Sun-spot cycle. 


8. Details of Sun-Spot Cycles. 


Now I have already hinted that even a Standard Sun-spot cycle, though forming a 
very visible cyclical curve, is something much more complicated than the uniform revolu- 
tion of a solid wheel. 

Every Sun-spot cycle for instance yet chronicled, has the front of its undulation 
steeper than the rear ; testifying to the greater energy of the Solar radiations in that 
earlier part of the cycle; or when there is, mirabile dictu, more nearly a minimum, than 
a maximum, of visible spot area. 

And every cycle yet chronicled testifies also to the occurrence of another, though 
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smaller, outburst of energy in the course of the longer dying out of the principal wave ; 
sometimes single as in our first, and probably in the third, wave; sometimes double as 
in the second. 

But while the first of these three particular waves has nearly the normal steepness of 
front, viz. 4 years of rise to 7 years of fall, and a maximum height of 220 groups; the 
second of our three waves, rushes up in the short period of only 3 years, and then to the 
unparalleled height of 280 groups, but takes 8 years to decline therefrom. While the 
third wave is feeble and sluggish beyond example, employing 5 and a half years to 
rise slowly to its maximum, and that a poor one of only 160 groups. 

Taking all these features then of Solar variation itself into account, no one need be 
surprised at finding on the earth less Barometric monthly range in the days of the third 
Sun-spot cycle, than in the two earlier ones. Or, that in the times of the second Sun-spot 
cycle, the Maximum Barometric range on the earth shot up in the same excessive 
manner, and simultaneously with the Sun-spot curve’s then most exaggerated effort!!! 


9. Aurora, Lightning, and Sun-Spots. 


In fact the variations inter se of the three Sun-spot cycles which cover the duration 
of all the Scottish Society’s Meteorological Observations,—though entailing such alterations 
of weather-phenomena from one to the other, as to have caused some persons very need- 
lessly to lose their faith in any connection,—are a most fortunate feature to assist in the 
present investigation; and we have not to go much further in our research before alight- 
ing on another Meteorological curve which intensifies, while it synchronises with, the 
excess and acuteness of the energy-outburst displayed in the second Sun-spot curve; and 
equally confirms the deplorable defect of energy revealed in the third one. 

This singularly confirming curve is that of Aurora, its frequency and extent; or 
the number of times seen, and the number of stations reporting it each time. 

There can hardly be, it will be confessed on examining the Plates, anything more 
excessive and vivid in intensity than the Aurora returns during the second sun-spot 
cycle ; or more tame, flat, and miserable than during the third. While if the first spot 
cycle is not very conspicuously marked with Aurora, it is largely from the Aurora obser- 
vations not having been begun so early as the other items of Meteorology, and having 
therefore lost the critical epoch of the beginning of that cycle. 

Further, the “ Strength of the Wind” curve, responds sensibly, though inversely to 
the Auroral curve. So that during years of abundant Aurora display, the winds were 
moderate in force, and chiefly from the West. But when Auroras left us in darkness, the 
winds became more violent and verged to East and North. 

But there is a more accentuated connection still, though by opposition, between 
Aurora and Lightning. The very maximum demonstration of all the Aurora being 
absolutely coincident in time, with the very minimum of Lightning, and wice versa; 


or that when Lightning is up, Aurora is down; yet they are both thought to be of an 
electrical nature. 
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Not content therefore with the separate curves of each, I have prepared in Plate XI. 
one projection showing a simple mean of Lightning with Aurora; and obtain thereby a very 
poor curve, deficient in the chief characteristics both in shape and time, of the Sun-spot 
curve hanging over it. But having also prepared on tle same Plate another projection, 
showing the Lightning brought forward by two years, and then meaned with the Aurora, 


—all the intensities and dates of the Sun-spot curve are absolutely re-inforced. As may be | 


further contemplated in Plate XII., where the Lightning, brought forward by two years is 
combined with three times its weight of Aurora; and the curve well shows that we have 
not been having of late any of those splendid displays which were so frequent in 1869, 
1870, 1871 and 1872. Wherefore, if you ask why ;—the want of energy in the present 


Sun-spot cycle is the nearest phenomenon to the real cause, that can be quoted from 
crude observation. 


But enough has now probably been said of Mean Scottish Meteorology, its history 
so far as chronicled, and its probable cosmical relations. So that it is time to take up 
the too long delayed part of the local, the particular and the personal belonging to it. 


10. Of an unfinished Paper on the individual characteristics of every 
Station employed. 


The said Part of, or Annexe to, the present large Paper of Means, was purposed to 
take up, one by one, each and every individual Station, which had at any time communi- 
cated two good years of observations to the Scottish Meteorologic Society ; and had been 
approved by that collective body to the extent of having been included in the “‘ Honours” 


list, of those presented monthly to the Registrar General of Births, Deaths, &c. in 
Scotland. 


Printed forms were accordingly prepared for each Month of the year, in two following © 


years ; on which forms the divergences through all the chief Meteorological items, of any 


given Station, from the Mean of the whole country, in the same Month, and same year, © 
were entered with their proper signs. The mean of two such annual discussions of — 


months, forming the twelve single mensual lines of quantities proposed to be printed 
after each Station’s, Owner’s, and Observer’s, names, together with a general description 
of the locality in sociology, geology and geography. 

The work however turned out to be too extensive to be completed within the interval | 
allowed for it, and the MSS. pages, so far as they were carried, are left in the official 
keeping of the Royal Observatory, Edinburgh. 

C. P.S. 
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EIGHT YEARS’ OBSERVATIONS OF THE NEW EARTH THERMOMETERS AT 
THE ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


Of these gigantic thermometers, with their bottle-sized bulbs, their long capillary 
intermediate tubes, and their upper enlarged bores for scale-reading purposes, an account 
of their construction and being placed in position for observation on June 26, 1879, is 
to be found in Part II. Vol. XXIX. of the Transactions of the Royal Society, Edinburgh, 
for 1879-80, and it is only proposed in the present place to give an account of their 
performances since that time. 

But on examining them in May 1888 for that purpose, a melancholy and complicated 
stumble on the threshold was realised. 

Mr Ricuarp Antik, the head of the optical firm which had supplied the instruments, 
and the last of that gifted family,—was dead. 

Mr Tuomas WEDDERBURN, the enthusiastic young optician who had succeeded 
him in the office, and had indeed really performed all the work both of manufacture and 
emplacement, was likewise dead. 

And an unexpected calamity had befallen the thermometers themselves. This was 
that five or six years after their establishment, a slow sinking of the shorter thermometers 
into the soft ground filling the bore-hole in the rock, began to be recognised. I had 
apprised Mr WEDDERBURN of this circumstance in the beginning of 1886; and he at once 
declared his belief that he would be able to pull them up again to their proper heights, 
and fix them there, when the weather should allow him, in his then already broken state 
of health, to revisit the top of the Calton Hill. But that favourable occasion never 
came, and death overtook him somewhat suddenly on August 9, 1886, greatly lamented 
and much missed in the scientific circle of Edinburgh men, as a native genius who had 
never enjoyed full opportunity of showing all that he could do for the promotion of the 
science of his time; though he had been found equal to every occasion that had actually 
come before him. 

Since then the downward march of the thermometers has been getting more rapid, 
and disturbed sideways as well; so that the two shortest of the four scientific thermo- 
meters, or ¢? and ¢t*, have the upper parts of their scales thrown together, much sunk, 
and partly jostling the scale of ¢, which is also slightly sunk; leaving only ¢’ the 
deepest, and fortunately the most important of all the thermometers, untouched, and 
uninjured in its originally intended position. 

Meanwhile however the regularity and assiduity of the Assistant Astronomers in 
taking the observations of each and every one of the thermometers every Monday, was 


290 PROFESSOR C. PIAZZI SMYTH ON 


beyond all praise; particularly in their initiating an arrangement for taking them in 
duplicate, and discussing the results to a hundredth of a degree Fahrenheit, before 
leaving the Thermometers on each occasion. The names of the said Assistants being, 


in 1879 and 1880, First Assistant, ALEXANDER WALLACE, M.A. 
Second Assistant, 'THomas Heatu, B.A. 


1881 to 1887, First Assistant, Taomas Heatu, B.A. 
Second Assistant, Henry W. Ripe. 


1887 to 1888, First Assistant, Taomas Heatu, B.A. 
Acting Second Assistant, JAMES ForGAN. 


By a preliminary computation of the more salient observations, and an examination 
of the instruments themselves in their present condition, I have made out a Table of 
“Thermometer Constants”; and although it will not enable these new Thermometers to 
compete with the old ones as they were in Prof. ForBEs’ time from 1837 to 1845, as 
instruments of the most delicate Natural Philosophy chamber problems, I have been 
much pleased to find that step by step they have shown their full sufficiency, to keep 
up the differential historical record of super-annual cycles of temperature, which was in 
fact almost the only employment of the old Thermometers from 1845 to 1876, when 
they were destroyed by a human accident from without. 

The new earth-thermometers were constructed by Messrs ADIE in 1878, in a closely 
parallel manner to the printed descriptions of the older thermometers in 1836, and 
brought to the Astronomer’s house in the spring of 1878, where they all had their bulbs 
put into one and the same tub of salt water, together with a standard thermometer, 
and the several scales as approximately graduated by Mr WEDDERBURN, were read off 
by myself at different heights up the stairs of the house. A mean of ten sets of read- 
ings gave for 


t'= 48°°41, ??=48°°31, and ¢*= 48°39. 


This was so far a testimony, that when the bulbs were all on the same level, and in 
the same place, they read, with approximation, identically. The stair-case of the house, 
however, being too warm to enable the ultimate earth temperatures to be experienced 
there, Mr WeEpDDERBURN afterwards crected them outside the house, and perfected the 
scales there by long and laborious steps of which I have no notes, and can only judge of 
by subsequent comparative readings. 

Thus the old thermometers were remarkable for every deeper one giving a higher 
temperature; and so, on taking the means of the new ones for several years, after they 
had been sunk into the ground their intended depths— 


new was found = 46°°29; #?=45°°93, #=45°°83; and ¢ = 45°77, 
or each thermometer greater than the shallowest by 
t'=0°'52, = 0°16, &=0°'06, and t*=0. 
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Now the old thermometers had greater increases; thus, taking the period 1856-60— 
when + 0°89, # = +0°°60, + 0°26, and t*=0. 
Their depths were indeed rather greater than those of the new Thermometers; but 


even if we reduce these results by simple proportion to the lesser depth of the new 
Thermometers, the above increases only become— 


for old #=0°°74, #?=0°'50, 2=0°'15, and t*=0. 

Hence this is the first decided difference of results between the old and the new 
Thermometers; or the new ones have less increase of readings for the same increase of 
depth; and as it was never shown why the old ones had so much rise of temperature, the 
result is so far rather satisfactory for the strength, and capacity to resist pressure on the 
bulbs, of the new ones. 

But there is a greater apparent difference in the absolute temperatures indicated for 
the earth-crust on the Calton Hill by the two sets of instruments. For the new Earth 
Thermometers give for the mean of the annual means from 1880 to 1887, 


new t'= 46°°29, #=45°°93, ®—45°°83, and “#=45°°77; 


while the old earth Thermometers in the last 5 years, 1856-60, of their complete existence 
(¢ having been broken by the frost in the severe winter of 1860-1) gave, when reduced 
to the slightly lesser depths of the new earth-Thermometers, 


t'=47°°28, #=—47°°04, 46°°69, and 46°54. 


But when further reduced to the colder temperature of the earth-surface at the epoch 
of 1880-7, that is by 0°°76—as given by the smaller publication of the Meteorological 
Society of Scotland, per the Registrar General of Births, Deaths, &c., in Scotland—/for 
the “‘ Towns” stations only, by the successive annual means of mean shaded air tempera- 
ture, taken out for each component year, of the two groups of years concerned; the 
derived, or old 

becomes = 46°°52, #2= 46°°28, #®=45°°93, and t*=45°'78, 
in place of, as the new 
ti = 46°°29, 45°93, 45°°83, and 45°°77, 
or the differences are reduced to 
t = 0°23, #=0°°35, t®?=0°'10, and 

where the old and the new earth-thermometers agree to 0°°01 at the surface of the 
ground; but disagree to nearly 0°°30 at the lower thermometers; in the direction however 
of indicating an abnormal excess of apparent temperature, but perhaps of real bulbs 
bending in, for the older instruments. A result very probably to be considered creditable 
to the late deceased optician, THomas WEDDERBURN; but raising some special questions 
in the future as to the inereased means required of testing the index errors of even the 


deepest Thermometers from time to time in some absolute instrumental manner, in spite 
of their being buried more than 20 feet deep. 


| 
| 
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But for the present we may now go forward to consider the observations actually 
made in reference to the march of cosmical super-annual variations; and need not be 
delayed by any difficulty in obtaining new values of the minute corrections applied to 
the former set of instruments; for they seldom amounted to more than from 3) to »\5 of 
the super-annual effects of the natural changes from without the earth, which it is now 
our proper business in an astronomical Observatory to inquire into. Without further 
detail therefore I introduce three varieties of numerical tables. 


Table I. Constants of the new Earth Thermometers, 1879-87. 
Table II. Original observations of the new Earth Thermometers, and two smaller 
auxiliary thermometers, weekly for the years 1879 to 1888. 
Table III. Monthly, Quarterly, and Annual Means taken quarterly, of the new Earth 
Thermometers from 1879-1888; the last column having annual, or 
seasonal, 7.e. summer and winter effects entirely eliminated. 


Table [V. Parallel observations of Scottish Meteorological Society in Shaded Air- 
temperature, and Rain-fall depth, each expressed in single annual 
means. | 


Also one Plate, representing all the observations, together with the Sun-spot-numbers, 
as kindly furnished by Mr Wuippte, Director of the Kew Observatory, for the times 
concerned. 

Now on contemplating said Plate and its several contents, we can hardly but be struck 
with the remarkable testimony which each of the four earth-thermometer curves bears to 
the others, both in their resemblances and graduated differences ; the effect of any change 
of temperature always decreasing with depth, but increasing in retardation therewith ; 
testifying therefore to its production by waves of super-annual heat from outside the 
earth striking on the surface and being slowly transmitted into its substance. Also that 
such waves are of a very intense and powerful character, though short-lived, seldom lasting 
more than two years; and indicate radiations from the Sun, observing similar periods. 

These conclusions are borne out abundantly by the four earth thermometers, when 
their annual means are taken every quarter; but not very satisfactorily by single annual 
means, as with the Scottish Air temperature, the Scottish rain-fall, and the Sun-spots 
themselves. Wherefore I would beg to call attention among those Observatories which 
are concerned therein, to the importance of their present single annual means of various 
data, being replaced by quadruple annual means; or, better still, by duodecimal annual 
means—whenever the search for super-annual cycles includes those of sub-annual char- 
acter as well. 

But can that necessity be distinctly shown in this case ? 

I am happy to say that it can be; and has just transpired in a new and very 
unexpected manner. 

Look for instance along each earth-thermometer curve, and note the length of line 
from quarter to quarter of a year, when the external temperature is increasing; and see 


~ 


he > J 


| 
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how the extra length of that line from midsummer to autumn quarter in the one year 
1881, is something perfectly phenomenal ; and at the same time is a fact as significant, 
as it is irrefragable for the physics of both Earth and Sun. 

With the lowest thermometer (as is proper with heat from outside the earth) the 
effect occurs later; viz. at the end of 1881 and beginning of 1882. 

But with the next less lowest, the chief effect is between autumn and winter of 
1881. 


With the next still less low one, the effect is earlier, or between midsummer and 
autumn or a very little beyond. 

And with the shallowest of all the earth-thermometers, the effect, besides being 
tremendous in quantity—begins at midsummer sharp, and ends entirely by autumn 
leading one to infer that for air above the earth, the effect may have begun a few days 
even before June 30. Wherefore let us ask, did anything notably visible take place 
either in the Earth’s atmosphere or the Sun’s photosphere at or about June 25, 1881, 
capable of affecting the earth’s temperature to some very sensible degree ? 

Now there was something of that kind, whether noticed yet in this category or not 
by other observers, I am not aware ; but it was recorded by myself in such an entirely 
independent manner at the time, without the slightest reference to Edinburgh Earth- 
Thermometers, that I was surprised indeed on completing their diagrams last night to 
have the 1881 date so pointedly and reiteratingly presented to me again, and shown to 
be something that had made its mark in nature. 


I was in the Island of Madeira at the time, spectroscoping the Sun, mapping the 
Sun-spots each day, and meteorologising. 

On June 21, 22, and 23, the Sun-spots were feeble exceedingly, and apparently bent 
on closing up. But on the 24th it is chronicled in my observing book that “‘two new 
outbreaks of Solar activity, appear in the Sun’s North Tropic, one East and one West.” 

On the 25th, the note is “The importance of the new centre of Solar activity on the 
North-East Limb is maintained. There are now three spots there and large facule.” 


On the 26th there were no spot observations. But on the 27th, the note runs 
thus,— 


“Sun-spots at 7" a.m. Solar definition horrible! caused probably by extra Solar 


heat. But the magnificent display of renewed Solar energy in the new Spots, especially 
those in the South Tropic, cannot be hid; and it may have a bearing on the wonderful 
Cloud, which so greatly astonished and alarmed the inhabitants here all yesterday after- 


noon and evening.” 


Now what was that cloud of June 26, with so unusual an aspect, that the inhabitants 
of Madeira were in consternation about it ? 

In the little book entitled Madeira Meteorologic (the expense of printing which was 
so kindly volunteered for and borne,—as I am now, alas! free to declare,—by that kindly 
and generous minded gentleman and F.R.S.Ed., the late Ropert Mackay Smita), the 


Whole of its “ Part iv.” or pp. 33 to 50, with two woodcuts and the very artistically en- 
VOL. XXXV. PART 3. 3c 


| 
| 
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graved steel-plate frontispiece, are devoted to the said cloud, its appearance and meaning. 
This being presently deduced to be, an excessively intense example of the “ Leste”; ora 
hot wind which occasionally blows upon the higher hill tops in Madeira, straight out from 
| the Saharan Desert of Africa. But that is a sort of furnace of reflection for Solar heat, 
_ and wherein the Palermitan Astronomers, observing the out-bursting of hydrogen red 
_ prominences in the Sun, had already learned in 1872, to trace a connection between them, 
and the out-rushes of hot Sirocco wind and dust clouds from the same African desert. 

But in the little book above mentioned, I also attempted to trace the symptoms and 
opportunities of the cloud of June 26, being one of those remarkable cases which M. 
Gaston PLanté (the distinguished inventor of secondary batteries, which, under the new 
_ name of accumulators, are now rendering the use of electricity in domestic electric lighting 
almost as easy and manageable as coal-gas from any Gas Company’s large gasometers), 
_—M. Gaston Puanté I repeat, has endeavoured to demonstrate, respecting exchange 
of internal, and as it were innate electricity between the earth and the Sun. 

Having communicated therefore to that gentleman, the resurgence of the important 
date of June 26, and several following weeks in 1881, as a period of exaltation of heat 
external to the earth striking upon it, according to the testimony of the Edinburgh Earth 
Thermometers,—I was honoured by receiving the following letter from him :— 


Paris, 12 Rue des Vosges, 21 Mai 1888. 
(Translated). 


Ne ee I have read with a lively interest that which you have written to me of the elevation of the 
temperature of our globe on the 26th of June 1881. I recall to myself still the excessive heat, altogether ex- 
ceptional which we had in Paris, at that epoch. 
| I find, on consulting my notes of that year, 1881, that the weather was very hot, and very heavy (/owrd) 

and by consequence very electric, trom the 25th to the 28th of June. Then on the 3rd, 4th, and especially 
_ the 5th of July, also on the 13, 14, 15, 16, 17, 18, and 19 July. The 19th of July in particular, when there 
_ occurred, according to the papers of that date, 38° Cent. in Paris; a temperature which I believe was never 
_ known to have been experienced before. 7 
| It is then probable, that there was at that epoch, as you have thought, a sort of irruption of a flux of 

electricity on our globe; or a freeing (dégagement) of electricity in abundance, coming forth (é¢manant) from 
the globe itself under the influence of the Solar Electricity. ...... 

(Signed) § Gaston PLANTE. 


After this, the least that I could do, in utilising the original observations further, 
seemed to be, to recompute for the three most important thermometers all their simple 
readings concerned in the above phenomenal summer and autumn ; or for the three whole 

years 1880, 81 and 82. 
| Representing for that period of time, their annual means (our only method at present 
of eliminating the seasons or ordinary summer and winter divergences)—in three different 
modes, viz., by collecting strictly annual means first for every Quarter, then every Month, 
and finally every Week,—though the latter is probably a needless refinement. 

The numbers however arrived at in each case, have been given without reserve, in 
the Supplement of 8 pages appended to this paper; as well as exhibited in three Plates, 
appropriately drawn for their reproduction by Photo-lithography. And while they con- 
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tain all the data which the Earth Thermometers can give on this interesting question, 
and which may be worked out in the future with fuller success by other scientists,—I 
should not scruple to confess, that to my limited view the testimony of the Earth- 
Thermometer curves is totally at variance with the ‘“ New Sun-Spot” curves,—unless the 
latter, mere telescopic phenomena of visibility, be allowed to precede their heating effects 
on the earth—whether by slowly producing first an intenser condition of Solar radiation, 
or otherwise,—by about the space of 9 months! 

This may seem at first a very extravagant idea, but is evidently of the same order of 
time effects, as the oftener proved case of Lightning and Aurora, described under head 9 
and pages 284 and 285 of my longer paper on Mean Scottish Meteorology in the R.S.Ed. 
Transactions. While here, it must be confessed that the three thermometers hang con- 
spicuously together in testifying, that a remarkable change from a downward to an upward 
period of Earth temperature did begin about June 25 or 26, and lasted nearly a year. 

C. P. 8. 


Taste .—PRACTICAL CONSTANTS FOR THE NEW EARTH THERMOMETERS ERECTED AT 
ROYAL OBSERVATORY, EDINBURGH, IN JUNE 1879, AND EXAMINED IN APRIL 1888. 


Original Surface of | Therms. | Readings actually taken. | Dates of Reaching.| Max. | Occasional 
Depth of Soft Filling) in 1888 
ames 


Devt Length Seal N, Phil. | Differences 
Centre of| Ground) Found Centre of F. Corrects, ,| of the New, 
of Found in | Sunk Be-| ““" gay ty ever by Reason 
Bulb from 1888 Below! low their | Be- Inches,| Uniform Wide Mean of 

* Surface of low Rock md Bore, between | A Max. | several | A Min. Max. Min, PP P 


Rock sur- | Former nearly. tothe Old annual 

Rock. prog Positions. Surface. years, Therma, Cycles. 
Inches, | Inches. | Inches, | Inches, [Inches,|) ° 

tl 250 2°7 i) 250 2°0 | 50°2 and 42°5 | 47°10 | 46°29 | 45°20 (Dec. 2\Jume13| 0°03 0°65+ 


t2 125 for all ‘35 127°5 15 | 52°5 ... 409 | 49°00 45°93 43°00 Sep. 30 April 0°06 1°05+ 

t3 50 these 70 57°0 09 | 585 ... 52°50 45°83 39°80 |Aug. 21 Feb. 13; 0°12 1°65+ 
at eart 

t4 25 Therms. 9°5 34°5 06 | 59°5 ... be 55°00 | 45°77 37°50 |Aug. 5/Feb. 8| 0°25 2°08+ 
at eart 


t5 | 1 below 0 |1l below; 03 | 800 ... 200] 600 45°2 31°0 (July 20? Jan. 277; 0 27 
Air | 6 above 0 |6above; 01 1150 .. 00) 660 46'8 28°0 jJuly 10! 17?) 0 2°6 


N 
. Th 
| 


— 
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Taste II.—ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND CERTAIN 
AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


t1. t 2. t 3. t 4. | air. 
Month 
Year.} and Surface Observers, Remarks. 
Day. Each | Monthly} Each Monthly] Each. Monthly{| Each | Monthly | Therm Each 
Reading.| Means. | Reading.| Means, | Reading.| Means. | Reading.) Means, Each | Reading. 
Reading 
1879 Oct. 6] 46°55 48:19 49-02 48:80 471 | 607 |A.W.andT.H.| Thermo- 
46° ‘ls ‘ 4 » | meters 
20} 46-73 | | 4s-o4 | 48°4 47-49 | 48°19 | | 47°55 | 495 | inserted 
27} 46-80 47°82 47°17 45°70 413 | 430 | » [June 26 
17] 47-01 | 4° | 47-20 | 47°29 | 44-65 | 45°26 | goog | 43°26 | ag-7 | 502 | ” ” I ture en. 
241 47-01 46-90 44°59 42°44 383 | 394 | tered here, 
never 
Dec. 1] 47-01 46 43-09 39-30 322 | 209 | ,, »» [the mean 
15 4704 46°98 45-86 a: | 4028 3817 38 417 162 
4 45°81 41°20 . rature,. 
921 46-97 45:38 40°60 37-99 369 | 395 |  Tbut the 
29] 46-88 44-90 40°79 39-99 396 | 401 | unduly 
elevated 
tem pera- 
‘ ‘ | noon, the 
19] 4663 | 4°73 44:51 | 44°S° 40-54 | 49°87 | 37-88 | 38°75 | 324 | 302 | ” hour when 
26} 46°59 44-28 39°55 36°42 320 | 327 | | ” | the obser- 
vations 
16] 46:36 | 4°39 | 43-58 | 43°9 | 40-54 | 4°°5? | 39-52 | 4° | 305 | 41-3 | ” 
231 46-24 43°50 41-05 40-90 395 | 403 | 
Mar. 1} 46-14 43°43 41-30 41-32 414 | 392 | ,, 
45-97 13-40 4169 41-40 
45° 4 41° . 
221 45-88 7 4345 | 41-43 7 4025 | | | | ” 
29] 45°81 43°42 41-01 39-80 412 | 461 | 
19} 45:58 | 45°°2 | 43-35 | 43°37 | 49-38 | 42°36 | 49-78 | 42°°7 | 4¢6 | 409 | ” 7 
26) 45°47 43°44 43-23 43°79 415 | 445 | 
May 3] 45°48 43°61 43-59 | 44°67 437 | 419 | 
a4) 4543 | * 419 | 46-06 | | 489 477 | 493 
811 45°35 44° 46°50 47°79 484 | 507 | 
21} 45°43 | 45°4% | 45-37 | 45°23 | 4s-6o | 4°78 | 50-90 | 5°3° | 50-6 | 540 | ” 
28) 45-49 45°72 49°51 52°12 579 | 633 | 
19} 45-69 | 45°°5 | 46-91 | 4°72 | 50-97 | 5°89 | 52-96 | 53°5 | 55-0 | 59:5 * 
26 | 45°78 47°25 51-49 53°77 560 | 
Aug. 2] 45°82 47°54 51-60 52-82 55°6 | 58-1 A. W. 
9} 45-94 47°83 51-82 53°81 547 | 60-0 
16} 46-14 | 46°08 | 4812 | 48-13 | 52°78 | | 55°57 | | 565 | 56-9 c. The fill- 
231 46°16 48° 52-95 55-06 570 | 58-0 A.W. fing up 
30] 46-32 48-76 53-23 55°75 | 65:8 earth in 
the bore- 
tl 
20] 46-66 | 46°? | 49-47 | 49°32 | 52-52 | 57°83 51-89 | 53°79 | 465 | 501 | ” 
27} 46°84 49°61 51°67 52°34 53°3 56°6 | or lower- 
18} 47-21 | 47°24 | 49-36 | 49°38 | 49-09 | 49°48 | | 47° | 47-8 | 522 | ” 
25| 47-33 49°12 47°37 43-89 423 | 470 | | 3 
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TaB_e ILI. continved.z~-ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 
CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


é1. t 3. 4. 5. Air, 
Month 
Year. | and Surface Observers, Remarks, 
Day. Each Monthly} Each | Monthly} Each | Monthly} Each | Monthly | Therm, Each 
Reading.| Means, | Reading.| Means, | Reading.| Meuns, | Reading.| Means, Each | Reading. 
Reading. 
1880 | Nov. 1] 47°37 48°75 45°82 43°10 87°1 35°99 1|A.W.and T. H. 
| oo | | ow] | | 
47°48 47°50 43°74 > 1 30-20 | | 316 | 7 
99} 47°55 47°18 43°08 41-90 438 | 453 | 
20] 47-42 | 47°45 | 46-33 | 4°43 | 4go-gg | 43°%2 | 39-03 | 404 | 34-7 | 34-7 
971 47°33 46-09 41°57 38-38 323 | 329 | 
4 1881 | Jan. 3} 47°35 45°74 40°78 99 40°2 42°5 T.H 
| 4705 | | | | | | | | 9728 
31] 46°97 44°18 37-60 34°30 31°8 38-0 
21} 4659 | 4° | 49-98 | 43°17 | 38-20 | 3810 | 36-75 | 3622 | 33-0 | 330 
28| 46°43 42°74 38°10 36°15 313 | IT. H.andH.R. 
4 . ‘ . H. and H. 
21} 46:00 | | 49-15 | 42°3° | go-00 | 39°%8 | 3822 | 34-0 | 315 | ,, 
28| 45-88 42°19 39°50 37-97 365 | 415 
| 18} 45:53 | 45°59 | 49-10 | 4277 | 40-28 | 39°82 40-75 | | | 398 | ” 
25| 45°44 42°18 40°70 41°01 442 | 480 | 
May 2} 45°32 42-29 41°88 43-21 408 | 399 | ,, a 
. 8 66 . 4 
931 4513 | | 4305 | | | © 4620 | 515 | 569 
30] 45°09 43°39 45°58 48°30 54°5 64°9 ” ” 
2 47° 48°7 . H. and H. 
20} 45°07 | 45° 44-74 | 44°48 47-98 | 47°99 50-20 | 5°25 | 53-9 | 58:8 | ,, 
45-09 45°10 48-90 51°10 525 | 543 | 
18] 4529 | 45°26 | 46-05 | 4°°7 | 50-07 | | 53-62 | 52°57 | 565 | 600 | 
45°37 46°63 51°12 52-90 536 | 559 | |. 
Aug. 1] 45°47 47-01 50°85 52°18 50°38 | 547 T. 
45:20 | * 47°74 50-80 B119 | > 506 | 51:3 
29} 45°94 47-92 50°40 50-26 479 | 50°83 |T.H.andH.R. 
19] 46:29 | 4°23 | 4.09 | 498 | | 49°95 50-44 | 5°36 | 498 | 501 
26| 46°41 48°16 50-00 50°46 50'S | 
Oct. 3} 46°51 48°22 50-00 50°54 48-9 | 523 |T.H.andHLR 
| we | | on | oul 
241 4675 | | | * 700 * | | 433 | 449 | 2 
31} 46°81 47°84 46°09 43°53 36°7 38°0 ” ” 
21| 46-98 | | 47-09 | 47°24 | | | 45-63 | 44°93 | 461 | 479 | 
28 46°98 46°99 45°60 43°90 41°9 44°5 %” ” 


| 
| 
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Taste II. continued.—ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 
CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


t1. t 2. t 3. t5. | Air, 
Month 
Year. and Surface Observers. Remarks, 
Day. Each | Monthly} Each | Monthly] Each (| Monthly] Each | Monthly | Therm. Each 
Reading.| Means, | Reading.| Means. | Reading.| Means, | Reading.| Means, Each | Reading. 
Reading. 
| 19} 4693 | 46-39 | 46°49 | 43°36 | 39-71 | 49°93 34-8 T. H. 
| 26} 46°94 46-08 41°70 39°45 441 | PT. 
| 
1882 | Jan. 2] 46-89 45°68 42°41 41°10 401 | 422 | | rs 
931 46°74 79 | 45-03 | | | 31 | 459 
30] 46°65 44°93 42°89 41:36 36:1 | 35°8 
20 46-45 | 4548 | 44°68 | go-go | 42°41 | 45°97 | 45-2 Hand H.R. 
271 46:37 44°51 42°79 43°10 392 | 38-2 T. 
ber. 1638 1440 41 139 “70 T. H. and H. R. 
20 46°19 | 46°22 44°35 44 39 43°26 42°83 43°78 al 43°9 44°6 ” ” 
27| 46°13 44°37 43-00 42°10 418 | 471 | ,, vs 
171 459 | 45°99 } 44-7 | 44°3° | | 43°19 41-60 | 477° 47-7 ,, 
24} 45°93 44°35 43°51 44°10 438 449 | ,, 
May 1 45°88 4°37 43°69 43°50 42°1 45°1 ” ” 
| 991 45:20 | | 44-64 | | 487 | 620 | H.R.” 
| 45°79 44°85 46°83 49°15 529 | 58-1 T. H 
| June 5 45°77 45-15 48-28 50°80 523 55-0 T. H. and H.R. 
19] 45-78 | 45°78 | 45-03 | 45°7% | 4g-4q | 48°66 | 49-35 | | 50-1 529 | ,, 
264 45°81 46°21 49°11 50°93 529 | 580 | ,, 
July 3] 45°86 46°49 50°21 53-29 570 | 591 | ,, 
45°91 46°82 50-98 52°77 543 | 564 | ,, 
17} 45°98 | 45°99 | 47°21 | 47°18 | 51°30 | | 53°36 | 53°16 § T. H 
24} 46°05 47°55 51°47 52°89 52°2 | 55°8 
| 31} 46°14 47°85 51°56 53°50 541 56°8 
18.37 5267 5543 53 | [TH 
211 46-44 | 494° | | 48°5° 53-06 | | 54-69 | 54°3° 541 | 55°8 H. R. 
| 981 46°55 48°91 52°40 53°11 | 
| 1s} 46:90 | 484 | 49-05 | 49°2t | 57-19 | | 51-20 | 47-7 
251 47-03 49-28 50°71 50°80 518 | |T.H.andHL.R 
Oct. 2 47°14 49°24 50°49 50°52 61°6 54°7 ” ” 
‘ ‘Ir y ; ‘O7 ” ” 
30] 47°44 4895 48°14 45°95 415 | 420 | ,, 
91} 47°59 | 47°57 48-05 | 48°24 | 44-43 | 45°47 | 41-10 | 47°85 | 35-9 | 371 |G. 
27 47 60 47°68 44°06 41°50 $5°4 35°0 ” ” 
18} 47:58 | 47°58 46-40 | 466 | 40-95 | 41°75 | 37-50 | 3874 | 34-0 | 392 
251 47°53 45-90 41°10 38°85 | 369 T. 
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TaBLE II. continwed.—ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 
CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888, 


t1. 2. t 3. t 4. t 5. Alr. 
Month 
Year. and Surface Observers, Remarks. 
i Day. Each | Monthly} Each | Monthly} Each | Monthly} Each | Monthly | Therm. | Each 
Z Reading.| Means, | Reading.| Means, | Reading.| Means, | Reading.| Means. Each | Reading.) 
3 Reading 
1883 |Jan. 1] 47°48 45°50 41°10 39-60 412 | 473 |T.HandHLR 
47" 47°25 44°97 4 41°10 39°48 . 
22} 47-15 44-73 41°20 39°80 386 | 412 | 
; 29} 47-03 44°52 40°85 38°60 | 391 | ,, 
19} 4667 | 4°74 | 43-39 | | 40-45 | 4°°5* 39-50 | 394% | 36-2 | 380 | 
261 46°57 43°75 41°15 90 408 | 434 | 
19] 46:22 | 428 | 4359 | 43°59 40-00 | 49°46 | 37-40 | 38°79 | 30-6 | 330 | 
26] 46-14 43°40 39°25 37-20 327 | 343 | | 
Apr. 2] 46°06 43°17 89°15 ‘30 39°93 | 455 | ,, 
5° 45° 2: 43°05 41° 1°24 4 41°51 1° a 
| 231 45°78 3-04 | 42°35 | * 42°53 405 | 417 | 
30} 45-70 43°19 42°39 42°60 429 | 480 ! ,, ‘ 
21} 45:51 | 45°54 | 43-59 | 43°54 | 4430 | 43°94 | | 45°28 | 495 | 543 
28] 45°47 43°83 45°89 48°59 51-4 | 553 | ,, rs 
44° 4 4 
18] 45-41 | 45°47 | 44-06 | 48-45 | 47°9° | 50-11 | 49°9% | 49-3 | 51°8 
251 45°43 45°37 4866 50°55 516 | 52°4 a 
July 2] 45-47 45°75 49°30 51:86 56-1 | 62-2 
| | at | we | | | | sear | | 
93] 4564 | | 46-78 49°86 | 30°36 | 486 | 51-0 
30] 45°73 47 02 49-60 50°39 515 | |T.H.and | 
20] 46-02 | 45°97 47-51 | 474? 50-15 | 51:30 | 540 | | HR. 
27} 46°12 47 66 50°51 52°19 559 | 59°2 a 
17] 46:38 | 49°34 | 48-09 | 48° 50-08 | 5°29 | 50-36 | 50-9 | 565 T.’ 
24] 46°47 48°14 50-09 49-90 49°3 | 53-7 |T.H.andHLR 
Oct. 1] 46°55 48°19 49°79 49-60 446 | 463 | ,, 
46° ‘14 10 48° 47° ” ” 
221 46-79 ™ 48-03 47°74 45°79 40-4 | 43-0 | ,, 
29] 46°87 47°91 46°87 45°78 454 | | ,, ‘a 
47 ‘69 46°70 ” ” 
47°48 45°56 42° ” 
19} 46:97 | 49°95 | 47-04 | 47°33 | 44-95 | 44°98 | 41-73 | 4795 | 37-3 | 36-7 |; i 
26 46°99 46°90 43°40 41°35 39°8 41°0 ” ” 
Dee. 3 47°01 46°56 43°92 42°85 41°3 43°9 ” ” 
7 46°28 43°05 40°80 ” ” 
46° 46°00 6'o1 42°69 40°60 | 41°51 ” 
| * | 45-75 | * 45 | | ao | as |” 
31] 46°87 45°48 42-80 42°19 38°3 37°3 ” ” 
1884 45°32 42°40 41°25 ” ” 
45°16 42°58 41°30 4 ‘ ‘ i 
21] 46-69 | 49°72 45-03 | | go-99 | 47°93 | go-go | 473° gia | 428 
' 44-92 42°55 40°10 34:0 | 36-0 T. H. 


| 
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Taste IT. continued.—_ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 
CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


il. t 2. t 3. t 4. t 5. Air, 
Month 
Year. and Surface Observers. Remarks, 
Day. Each | Monthly{ Each | Monthly} Each | Monthly { Each | Monthly | Therm. Each 
Reading.| Means, | Reading.) Means, | Reading.| Means, Reading.| Means, Each fj Reading. 
Reading 
1884 Feb. 4 4482 41°50 39°35 T. H. and H.R. 
18} 46-40 | 4°44 | | 44°54 | | 40°20 | | 
951 46°34 44-3) 41°40 40°10 372 | 400 | 
ar. 31 46°25 44°17 40°90 38-80 $33 | 34-0 |, 
10 46°19 43-98 40°80 39°70 36:1 35:7 
46°14 | 46:13 | 43°84 | 4389 | 41:10 | 41°91 | 
31] 45-99 43°75 41°80 40°85 389 | 423 | | ‘ 
13°75 12.88 261 
45°84 43° 42: 42°6 4 
21] 45°78 | 45°°2 | 43°82 | 43.95 | 42°82 43-15 | 42°86 | | gog |” 
281 45-72 43-04 43-05 42°71 414 | 440 | 
19] 45°60 | 4445 | 44°95 | 45-12 | 44°49 | 4665 | 45°54 | 456 | 473 |” 
261 45°59 44°38 45°87 47°72 473 | 490 | 
June’ 2] 45°57 44°65 46°60 48-29 517 | 58°83 | ,, 
45° 45°58 4 45°27 | 48°04 | 48°17 | 50°09 51°5 ” 
93] 45°58 45°59 | 48-93 5128 | > > | 533 | 552 
301 45°62 45°94 49°89 53:37 576 | 590 
July 7 45°65 51-00 53°48 65:3 56:9 
46° 51°68 5415 57°1 “4 
21] 45:78 | 45°7 | 47-29 | 46°98 | | 51°48 53.9) | 53°28 | 50.9 | 50-8 di 
281 45-87 47°58 51°42 52°30 529 | 573 
52 4° 57° .H. and H.R. 
18} 46-19 | 4°74 4g-34 | 48°22 | 50.7) | 52°37 | 54-00 | 54°56 | 577 614 
251 46-30 48°61 53-00 55°50 54:7 
pt. 1] 46-41 48:86 52°48 52°78 507 | ra 
46°54 49-06 51°73 51°75 50°3 | 53-9 
15] 46°66 | 46°66 | 49°13 | 49°10 | 51°82 | 51°85 | 52°59 52°32 51°7 52°7 % 
921 46°78 49:19 51°81 52-99 51-4 | 53°6 ei 
99} 46-89 49°24 51°40 51°49 48°8 | 50-2 
Oct a7 00 49°26 50°58 49°84 472 | 48-0 |T.H. and ELR. 
49: 49°44 ' 47°17 413 | 432 | ,, 
20] 47:19 | 4774 | gong | 49°83 | | 49°36 | | 48°32 | | 479 | 
271 47-26 48°82 48°69 47°86 403 | 408 | | 
17} 47-42 | 474° | 48°36 | | 45°95 | 45°25 | 36-9 | 36-0 | 
24) 47-43 48-04 45°48 42°70 352 | 350 | ,, a 
Dec. 1 47°45 47°71 44°48 41°40 33°5 33°3 ” ” 
‘8 47-48 47°35 43°55 41°50 386 | 40-4 T.H. 
47°44 46°99 | 43°50 | 43°25 | 42°60 | 37°7 35°3 
921 47°43 46°62 2-20 | 40-20 327 | 316 |T.H.andHLR 
29 47 39 46°30 41°90 39°40 34°5 35°8 ” ” 
1885 Jan, 47-36 45-94 41-20 38-60 399 | 40-8 | ,, 
y 45° 41°00 39°20 33°5 34°2 ” ” 
19} 47-20 | 4774 45-93 | 45°47 40-50 | | 38-90 | 3°32 | 36.0 | 36-0 | 
26) 47°12 44-92 40°10 37°30 370 | 419 T.H 
Feb, 2 47-01 4459 40 60 39-60 87°7 | 38-5 
40°60 39°70 265 | 364 |T’H.andH. 
16] 46:79 | 4°85 | 44-18 | 44°29 47-40 | 49°65 | 49-39 | 39°38 35-5 | 34-8 
231 46°69 44°05 40°30 37-90 875 43:8 | 


| 
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Taste IT. continued._ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 
CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


t1, t 2. t 3. t 4. t 5. Air, 
Month 
Year, and Surface Observers. Remarks, 
Day. Each | Monthly? Each | Monthly} Each Monthly | Each | Monthly | Therm. Each 
Reading.| Means, | Reading.) Means, | Reading.| Means, Reading.| Means, Each | Reading. 
Reading 
1885 {Mar. 2] 46°57 43°89 41-00 40°30 35°5 36°7 | T.H. and H.R. 
16| 46.37 13.67 40-40 39-60 
46° 46° 43 43°67 “4 40°68 39°78 39°4 42°2 - 
231 46°25 43°54 40°70 39°50 33°7 33°6 
30] 46°17 43°45 40°80 40°40 36°5 37: pS 
20] 45-92 | 4595 | 43-30 | 43°34 | 47°58 49-09 | 41°76 | 47.9 T. H. 
27] 45°83 43°33 42°90 44°25 46°8 51°5 
18} 45-62 | 45°°S | 43-86 | 43°74 | 43.09 | 43°42 43-19 | 43°58 | | aap 
254 45°58 43°94 43°58 44°12 45°6 50°5 ? 
Junel] 45°55 44°04 44°88 46°80 49°9 53°7 | T.H.and H.R. 
15 1552 14.50 17-47 50-48 63°6 T Has ai H.R. 
45°5: 44° 6 47°4 47°21 49°55 2 H.and H. 
224 45°50 44°98 48°43 50°38 51°9 
297 45°52 45°40 48°88 51°32 55°1 55°6 
46.19 50°73 53-14 539 | 553 
20} 45°65 | 453 | 46-62 | 45°39 | 50-75 | 50° 50.04 | 5326 | | 
27] 45°73 46°96 51°36 54°78 55°8 55°7 ae 
Aug. 3] 45°80 47°30 51°98 54°09 53°3 51:4 
17] 46-02 47-97 51-21 5189 
241 46°13 48°15 51°29 52°61 54°7 58°8 as 
31] 46°22 48°26 51°10 51°30 49°3 511 
18.45 50°61 50°89 502 | 53 
21] 46°55 | | 48°45 | 5003 | 5°29 | 50-08 | 5022 | agg | In R. 
28] 46°65 48°49 49°68 48°4] 45°3 49°0 
*Approxi- 
46°83 48°28 47° 45° 0 | ings only 
19} 46-90 | 4g.og | 48°26 | 47°42 | 45-09 | 45°90 | | 430 possible ; 
26] 46°96 47°86 46°28 44°10 42°8 45°0 
the 
Nov. 2] 47-03 47°64 45°49 43°57 50°5 », | column of 
47°04 47°34 45 44°79 7 | Spirit 
47°04 | 47° 47°10 45° 44°70 43°20 | 42°9 3 ar 
231 47-06 | 41:30 31 389 | 400 | too low to 
30] 47-05 46°63 43°50 41°80 40°5 42°7 T. H. bring the 
eye on a 
47°01 46°29 40°90 31 = with 
4] 47°02 46°06 41°7 *39 00 42° it. 
21] 46:96 | 4°97 | 45-71 | 45°88 40-50 | 42°45 | 49°62 | goo 413 T. H. 
28] 46°90 45°44 42°40 41°20 40°8 41°9 “ 
1886 46°84 45°25 42°20 41 = = T. H. and H. R. 
46°76 45°05 41°40 *38° ” ” 
18} 46-68 | 4°72 44-9) | 44°99 | 40-59 | 42°00 | 38°80 | » | *Approxi- 
254 46°60 44°48 *39°90 *37°50 32°5 32°9 mate read- 
ings only. 
Feb. 46°51 44°13 *39°40 *37°30 T. H.and H. R. 
46°44 43°82 *39°00 *36°50 ” ” 
15} 46:34 | | 43.50 | 438 [39.69 | 39°35 | 37°98 | sin | 333 | ” 
227 46 24 43°28 *39°40 *37°50 35°5 36°3 ” ” 
Mar, 1 46°10 43°07 *38-80 *36°00 31°4 30°0 ” ” 
45°90 42°70 ‘61 *37°50 8° *35°50 *28 
4590 | | | | 37 440 | 481 | 
29 45°69 42°10 40°00 40°90 40°5 42°3 ” ” 
VOL. XXXV. PART 3. 3D 


- 


is | | 
| 
| 
| | 
| 
| 
| 
| | 
| 
| 
| 
me 
| 
| 
| 
| 
| | 
| 
| 


302 


TaBLeE II. continued—ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 


PROFESSOR C. PIAZZI SMYTH ON 


CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


t 1. t 2. t 3. t 4. t 5. Air, 
Month 
Year. and Surface Observers, Remarks, 
Day. Each | Monthly} Each | Monthly} Each | Monthly} Each | Monthly | Therm Each 
Reading.| Means, | Reading.| Means. | Reading.|; Means, | Reading.| Means, Each jf Reading. 
Reading 
19] 45:34 | 45°4° | 49-35 | 42°3° | 41-10 | 4°9° | 41-30 | 4°88 | 399 40-0 ,, 
264 45°25 | 42°45 41°40 41°60 413 | 424 | ,, 
May 3] 45-19 42°55 42°10 42°50 45°7 490 | ,, 
| | 28 | wwe | | ors | | wo | Ho] 
45° 42: 42°98 ° 43° 44°04 
241 45-00 43-20 43°75 7" 44°81 463 | 486 | ,, is 
31] 44°97 43°41 44°33 44°90 445 | 481 ,, 
44°9 43° 46° 4 
21} 44-04 | | 46-80 | | | 4°28 53-4 58-0 | 
28] 44°96 44°60 47°74 49°48 529 | 613 | ,, ea 
45-08 15-49 50-08 52-26 
19} 45:09 | 45° 45-92 | 45° 50-09 | | 51-00 | | 584 63°3 
261 45°15 46°30 50°75 52°96 52:9 | 
Aug. 2] 45°23 46°66 50°50 51°48 50°1 |T. H.and H.R. 
16) 45-45 716 80-45 B1-45 
45° 45°4 47°1 47°14 “4 50" 1°4 52°03 
231 45°57 > 47-36 50°72 °3 52°21 53°5 
801 45°68 47°56 51°18 53°10 | 63-0 
45-90 47.98 52-90 | 630 
201 46-01 | 45°95 | 4s-15 | | 50-46 | 5°85 | 50-50 | 49-4 | 500 | 
271 46°12 48°25 49°90 49°60 516 | 549 | ,, is 
18] 46-44 | 49°38 | 48-09 | 48°20 | 49.03 | 49°49 | | 49°22 | 46-7 | |” 
251 46°53 48°16 48°69 47°79 454 | 465 ,, 
Nov. 1] 46°62 48-08 48°18 47°80 47-4 | 490 | ,, 
| | | on | | wn | asl 
7 4 7°97 6° 44° 4 . 4 
221 46°79 47°54 44°70 39°7 | 395 | ,, a 
291 46°84 47 29 45°75 44°73 43°0 | 43-1 T. H. 
20} 46°84 | 4°84 46-39 | 46°55 | 42-20 | 42°78 | 39-00 | 399° | 305 | o76 |” *Approxi- 
271 46°83 45°98 *41-00 *38-00 316 304 | ,, [mate read- 
ings only. 
1887 | Jan. 3] 46°80 45°51 *40°50 *38-20 365 | 392 | ,, is 
| 10] 46-74 45°07 *39-90 *37°50 | 
| 17] 46°66 | 46°66 | 44°65 | 44°71 *39°80 | 40°28 *37°50 | 38°88 29°9 
| 241 46°60 44°31 *40-00 *39°40 389 | 38°83 ,, 
| 311 46°52 44°03 41°20 41°80 403 | 395 | ,, = 
21} 46:20 | 4°25 43-75 | 43°80 | 4°°9 *39-60 | | 389 | 399 | 
281 46°12 43°59 41°20 41°10 407 | 447 ,, 
214 45°83 | 43-45 | 43°44 | 40°65 | 39°42 33-8 | 33-5 
281 45-76 43°25 *40°00 *39-30 405 | 463 
| | low | | om | lawl 
18] 45°54 4557 43-02 | 43°°4 47-10 | 47°79 41-00 | 4779 48°7 
954 45-44 43-02 41°95 42°35 39°4 | 40-2 


+ 
3 
| 
| 
| 
| 
| 
ak 
| 
| 
A 
| 


EIGHT YEARS OF THE NEW EARTH THERMOMETERS. 303 


TaBLE II. continued.—ORIGINAL OBSERVATIONS OF THE NEW EARTH THERMOMETERS, AND 
CERTAIN AUXILIARY THERMOMETERS AT ROYAL OBSERVATORY, EDINBURGH, 1879-1888. 


t1. t 2. t 3. t 4. t 5. Air, 
Month 
Year. and Surface Observers. Remarks, 
Day. Each | Monthly} Each | Monthly} Each | Monthlyj Each Monthly Therm. Each 
Reading.| Means, | Reading.| Means, | Reading.| Means, }] Reading.| Means. Each | Reading. 
Reading 
1887 | May 2] 45°33 43°10 42°00 41-90 423 | 462 [T.H. andJ.F. 
161 4527 | 45:08 | 48°35 13°99 518 ay 
4 45° 43°35 | 43°42 43°81 °° 44°67 | 517 0 Ts, ’ 
93} 45-22 43°60 | 44-85 45°26 446 | 510 | 
30] 45°18 43°89 45°40 46°85 46°83 | 477 
45° 4° 49° 55°0 » | mate 
201 45:16 | 45°%7 | 44-92 | 448 | 47°94 | 5210 | 5°S? 539 | 55-0 | » ings only. 
971 45°19 45°26 49°95 53°10 572 | 616 |, 
July 4 45-22 45 77 61 20 55-04 58 ‘ C.P.S. andJ.F. 
181 45°34 | 45°32 | 46-83 | 49°5° 59-92 | 51°92 | 54.38 | 5480 | 59-4 | ” 
251 45:44 4728 52°50 54°88 550 | 57°38 IT. H.andJ.F. 
Aug. 1] 45°55 47°67 52°51 54°28 54°4 59°7 1C.P.S.andJ.F. 
45°67 48-01 52°50 54°59 579 | 60°83 | ,, ‘ 
15] 45°80 45°81 48°26 48°21 52°39 52°24 53°10 53°66 51°3 53°8 iT. H.andJ. F. 
921 45°93 48°49 51°80 52°41 519 | 652 ICP.SandT.H. 
29] 46-08 48-63 52-00 53°90 58-0 | 59°3 T. 
46-38 1840 81.56 51.55 iool 
191 46-48 | 464° | | 48°9t | 50-65 | 5St28 50-19 | | 515 IT HuandJ.F. 
261 46-60 48-98 50°31 50°37 518 | 536 
Oct. 3] 46°73 48-90 49°89 49°48 495 | 530 | ., a 
46°90 | 46° 48° 8: 8°04 10 | 46°66 | 42: 5° 
241 46-98 “9 4839 | 4699 | * 45°60 383 | 371 | .. 
31] 47-04 48°11 46°41 45-00 405 | 403 
47°12 47° 
211 47:15 | 47°93 | 4798 | 47°4° | 44-40 | 44°88 | 43° | | 
98) 47°15 46-98 43°80 42°30 386 | 390 | .. 8 
191 47-06 | 47°8 4g-09 | 4621 | 42-20 | 42°55 [40-00 | 4°°4° | 23-8 | 340 
264 47°00 45°74 *41-20 *38-60 357 | 360 |J.F.andGPS. 
1888 Jan. 2] 46-94 45°38 *40°80 *38-30 320 | 303 H.andJ.F. 
2 46-92 45-05 =40-90 40 463 51 
46°80 | 46°80 | 44:75 84 1'24 | *40°70 | 39°78 
46-74 | 4460 | *41-29 | * *40°00 417 | 458 | 
30] 46°61 44°44 *41-50 *39°50 33-4 | 340 | 
46°41 44°10 4 P *39°4 pproxi- 
201 46°33 | 4638 43-95 | |+#40-00 | [37-00 | 3948 | go-4 | 33:3  Imate read- 
271 46-23 43°75 *39-20 *36-80 33-8 | 350 | Tings only. 
Mar 43°32 es *36°80 ” 
19} 45-95 | 45°99 | 49-99 | 43°08 [«39.99 | 39°28 [37-99 | 37°75 | 394 | 339 | ” . 
26 45 84 42°85 *39-00 *37 30 32°4 33°0 ” or) 
April2] 45-74 42°62 #*38-50 #37 -20 38-2 | 396 | ,, 
45° 45° 42: 42°40 | *39°70 83 | 39 
23 45°43 42°28 = 41°00 40°90 37°2 36°9 ” 
30] 45°33 42°40 40°95 41°45 433 | 443 | | = 
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Taste [III.—MONTHLY, QUARTERLY, AND ANNUAL MEANS TAKEN QUARTERLY OF 
THE NEW EARTH THERMOMETERS. 


tl. 2. t 3. t 4, 
Year, 
Month. Annual Annual Annual Annual 
Monthly. | Quarterly.| Taken [| Monthly, | Quarterly.| Taken | Monthly. | Quarterly, Taken | Monthly. | Quarterly.) Taken 
Quarterly. Quarterly. Quarterly. Quarterly. 
1879 
October 46°69 48°04 48°10 47°15 
November, 46°96 46°88 47°29 47°05 45°26 44°85 43°26 42°97 
— 46°98 45°81 41°20 38°51 
January 46°73 44°56 40°87 38°75 
February | 46°39 46°36 43°69 43°89 40°52 40°92 40°11 39°92 
March 45°97 43°42 41°37 40°90 
46°21 45°80 45°76 45°78 
April 45°62 43°37 , 42°36 42°67 
May 45°42 45°48 44°00 44°20 45°03 45°19 46°23 46°40 
June 45°41 45°23 48°18 50°30 
46°33 46°02 45°98 45°97 
July 45°65 46°72 50°89 53°05 
August 46°08 46°12 48°13 48°06 52°48 52°07 54°60 53°81 
Septem 46°62 49°32 52°83 53°79 
46°40 45°91 45°48 45°22 
October 47°14 49°38 49°48 47°66 
November, 47°47 47°35 47 92 47°91 44°65 45°75 42°57 43°76 
December} 47°45 46°43 43°12 41°04 
1881 46°34 45°65 45°14 44°89 
January 47°15 44°96 39°43 36°25 
February | 46°64 46°63 43°17 43°48 38°10 38°90 36°22 36°90 
arch 46°09 42°30 39°18 38°22 
46°25 45°44 44°71 44°34 
April 45°59 42°17 39°82 39°50 
May 45°19 45°28 42°78 43°14 43°66 43°82 45°54 45°10 
June 45°06 44°48 47°99 50°25 
46°12 45°28 44°70 44°45 
July 45°26 46°07 50°32 52°57 
August 45°70 45°73 47°50 47°22 50°87 50°38 51°87 51°60 
Septem 46°23 48°08 49°95 50°36 
46°09 45°60 46°63 45°71 
October 46°67 48°12 48°14 46°76 
November, 46°96 46°86 47°24 47°28 45°67 45°72 44°93 44°21 
December] 46°96 46°49 43°36 40°93 
1882 46°24 46-04 46°08 46°02 
January 46°79 45°25 42°54 41°43 
February | 46°48 46°50 44°68 44°77 42°41 42°59 41°97 41°94 
March 46°22 44°39 42°83 42°42 
46°41 46°31 46°40 46°39 
April 45°99 44°36 43°19 42°76 
ay 45°83 45°87 44°560 44°88 44°97 45°61 45°98 46°33 
June 45°78 45°71 48°66 50°24 
46°56 46°48 46°38 46°23 
July 45°99 47°18 51°10 53°16 
August 46°40 46°41 48°50 48°30 52°51 51°67 54°30 53°09 
September, 46°84 49°21 51°40 51°80 
46°63 46°34 45°90 45°55 
October 47°30 49°11 49°73 49°07 
November, 47°57 47°48 48°24 47°98 45°47 45°65 42°85 43°55 
December] 47°58 46°60 41°75 38°74 
1883 46°56 46°06 45°59 45°36 
January 47°25 44°97 41°10 39°48 
February | 46°74 46°76 44°01 44°19 40°51 40°69 39°48 39 ‘22 
arch 46°28 43°59 40°46 38°70 
46°46 45°81 45°20 44°87 
April 45°88 43°05 41°24 41°51 
ay 45°54 45°61 43°54 43°79 43°94 44°36 45°28 45°59 
June 45°42 44°77 47°90 49°98 
46°30 45°60 45°15 44°98 
July 45°59 46°42 49°86 51°34 
August 45°97 45°97 47°42 47°28 50°15 50°10 51°36 51°13 
September} 46°34 48°00 50°29 50°6Y 
46°22 45°68 45°44 45°35 
October 46°72 48°10 48°35 47°48 
Novembery 46°95 46°87 47°33 47°15 44°98 45°44 42°95 43°98 
December} 46°95 46°01 42°98 41°51 
46°24 45°84 45°64 45°52 
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TaBieE III. continued.—MONTHLY, QUARTERLY, AND ANNUAL MEANS TAKEN QUARTERLY 
OF THE NEW EARTH THERMOMETERS. 


2. t 3. t 4. 
Year, 
Month, Annual Annual Annual Annual 
Monthly, | Quarterly.| Taken | Monthly. | Quarterly.| Taken | Monthly. | Quarteriy.) Taken | Monthly. | Quarterly.; Taken 
Quarterly. Quarterly. Quarterly. Quarterly. 
1884 
January 46°72 45°11 42°63 41°36 
February | 46°44 46°43 44°54 44°51 41°66 41°88 40°20 40°71 
March 46°13 43°89 41°34 40°57 
46°29 46°04 46-09 46°08 
April 45°82 43°82 42°82 42°86 
May 45°63 45°68 44°15 44°41 44°46 45°15 45°54 46°24 
June 45°58 45°27 48°17 50°32 
46°41 46°29 46°36 46°30 
July 45°76 46°98 51°48 53°28 
August 46°14 46°19 48°22 48°10 52°37 51°90 54°56 53°39 
September} 46°66 49°10 51°85 52°32 
46°50 46°28 46°06 45°91 
October 47°14 49°08 49°36 48°32 
November} 47°40 47°33 48°36 48°14 46°96 46°52 45°25 44°86 
December] 47°44 46°99 43°25 41°02 
1885 46°51 46°15 45°79 45°59 
January 47°24 45°41 40°70 38°32 
February | 46°85 46°82 44°29 44°46 40°65 40°68 39°38 39°16 
March 46°36 43°67 40°68 39°78 
46°48 46°02 45°52 | 45°25 
April 45°95 43°34 41°58 41°76 
ay 45°65 45°71 43°74 43°91 43°42 44°07 43°58 44°96 
June 45°52 44°65 47°21 49°55 
46°38 45°75 45°10 44°82 
July 45°63 46°39 50°66 53°26 
August 46°02 46°05 47°87 47°57 51°45 50°80 52°58 52°02 
September} 46°50 48°45 50°29 50°22 
| 46°26 45°57 44°83 44°50 
October 46°86 48°16 47°42 45°90 
November} 47°04 46°96 47°13 47°06 44°70 44°86 42°93 43°15 
December] 46°97 45°88 42°45 40°62 
1886 46°12 45°37 44°68 44°36 
January 46°72 44-90 41-00 38-80 
February | 46°38 46°33 43°68 43°73 39°35 39°59 37°58 37°89 
March 45°90 42°61 38°42 37°28 
45°98 45°22 44-60 44°35 
April 45°40 42°30 40°90 40°88 
May 45°06 45°13 42°98 43°13 43°15 43°47 44°04 44°40 
Jnne 44°94 44°11 46°36 48°28 
45°90 45°32 44°97 44°78 
July 45°06 45°66 50°01 52°50 
August 45°45 45°49 47°14 46°95 50°63 50°50 52°03 51°96 
September 45°95 48°04 50°85 51°36 
45°88 45°39 45°23 45°18 
October 46°38 48°20 49°40 49-22 
November, 46°74 46°65 47°73 47°49 46°77 46°32 45°54 44°89 
December] 46°84 46°55 42°78 39°90 
887 45°94 45°53 45°44 45°44 
January 46°66 44°71 40°28 38°88 
February | 46°25 46°26 43°80 43°98 40°92 40°62 40°10 39°47 
March 45°88 43°44 40°65 39°42 a 
46°02 45°77 45°76 45°77 
April 45°57 43-04 41°19 41°19 ? 
ay 45°28 45°34 43°42 43°71 43°81 44°31 44°67 45°46 
June 45°17 44°68 47°94 50°52 
46°12 45°74 45°47 45°39 
July 45°32 46°56 51-92 54:80 
August 45°81 | 45°84 48-21 | 47°89 52°24 | 51°78 53°66 | 53°25 | 
September} 46°40 48°91 51°18 51°30 | 
46-15 45°74 45°38 4519 | 
October 46°89 48°57 48°04 46°66 | 
November} 47-13 47°03 47°40 47°39 44°88 45°16 43°08 43°38 | 
a 47°08 46°21 42°55 40°40 
January 46°80 44°84 41°24 39°78 
February | 46°38 | 46°39 44:02 | 43°98 40°25 | 40°26 38°48 | 38°67 
arch 43-08 39:28 37°75 
April 45°54 42°40 39°83 39°67 
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Taste [V.—PARALLEL OBSERVATIONS OF THE SCOTTISH 
METEOROLOGICAL SOCIETY. 


Country and Town Stations, Town Stations Only. : 
Air Shade Air Shade 
Mean Annual, Annual Depth. Mean Annual, | Annual Depth, 

4 inches. Kf inches 
1877 45°7 51°83 46°6 48°37 
1878 46°8 36°28 47°5 29°93 
1879 43°9 36°43 44°6 34°06 
1880 46°4 34°73 47°4 30°07 
1881 7 39°54 45°3 37°17 
1882 46°7 44°92 47°6 42°31 
1883 46°0 40°38 47°0 37°30 
1884 46°7 39°44 47°5 36° 
1885 449 35°42 46°1 29°48 
1886 449 37°93 45°8 34°67 
peal 46°0 30°96 46°8 27°02 


SUPPLEMENT TO THE EARTH THERMOMETER PAPER, viz. 


THREE YEARS’ OBSERVATIONS, 1880, 1881 AND 1882, AT KEW OF NEW SUN-SPOTS, AND 
AT EDINBURGH OF THREE EARTH-THERMOMETERS, ¢ 3, ¢ 2, AND ¢ 1, (DrExpsst). 


The above Observations collected and exhibited both numerically and graphically, in three different 
modes ; viz., by 


I. AnNuaL MEANS oR SUMS, COLLECTED QUARTERLY. 
II. Annuat Means orn Sums, MonrTHLY. 
III. Annuat Means or Sums, COLLECTED WEEKLY. 


Taste I, AnnuaL Means, on Sums, COLLECTED QUARTERLY. 


Simple Quarterly Means of Earth Thermometers. Annual Means of Earth Thermometers collected Quarterly, Hew wats. 
Year. Quarter. Therm, 1. Therm, 2. /Therm. 3. Middle Date. Therm, 1. | Therm, 2, | Therm, 3, Middle Date. Sums. 

Diff. Diff. Diff. 

1880 | Jan. Feb. March | 46°36 | 43°89 | 40°92 || 1880 June 30 | 46°33 46°02 45°98 1880 June 30 
April May June 45°48 | 4420) 45°19 +° 7 -‘II —*5O 

July Aug. Sept. | 46°12 | 48°06 | 5207 Sept. 30 | 46°40 45°91 45°48 Sept. 30 
Oct. Nov. Dec. | 47°35 | 47°91 | 45°75 -"5 -* —°34 

Dec, 30 | 46°35 45°65 45°14 Dec. 30 
—*2t "43 

1881 | Jan. Feb. March | 46°63 | 43-48 | 38-90 1881 March 30 | 46°25 45°44 ' 44°71 1881 Mar. 30 

aun June 30 | 46-12 45-28 44-70 June 30 

Oct. Nov. Dec. | 46°86 | 47:28 | 45°72 Sept. 30 | 46-09 3} 45-60 45°63 Sept. 30 
+°I5 + “44 +°45 

Dec. 30 | 46°24 46°04 46°08 Dec, 30 
1882 | Jan. Feb. Murch | 46°50 | 44°77 | 42°59 +°17 +°27 +°32 

April May June | 45°87 | 44°88 | 45°61 || 1882 March 30/ 46°41 46°31 46°40 1882 Mar. 30 
July Aug. Sept. | 46°41 | 4830 51°70 +°IS +°17 — ‘oI 

Oct. Nov. Dec. | 47°48 | 47°98 | 45°65 June 30 | 46°56 46°48 46°39 June 30 
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Simple Monthly Means of Earth Thermometers, 


Annual Means of Earth Thermometers collected 


New Sun-Spots, Annual | 


Monthly, Sums collected Monthly, 
Middle of Mean of Mean of Mean of 
Year, Month Month Month Month Middle Date. Therm, 1 Therm, 2 Therm, 3 Middle Date. Sums, 
Therm, 3, | Therm, 2, | Therm, 3, 
1880 | January . 46°78 44°56 40°87 
February . 46°38 43°69 40°52 
March . 45°97 43°42 41°37 
April . 45°62 43°37 42°36 
May 45°42 44°00 45°03 
June 45°41 45°23 48°18 
July 45°66 46°72 50°89 | 1880 July 15/| 46°33 46°01 45°98 1880 July 15} 70 
August 46°08 48°13 52°48 Aug. 15| 46°36 46°05 45°86 Aug. 15} 73 ‘ 
+*o2 "OS - 
September 46°62 49°32 52°83 Sept. 15 | 46°38 46°00 45°66 , Sept.15| 79 
October , 47°14 49°38 49°48 Oct. 15 | 46°40 45°91 | 45°48 Oct. 15} 88 
November 47°46 47°92 44°65 Nov. 15 | 46°39 45°81 45°27 Nov. 15! 94 
—*o2 "ro —‘I2 +4 
December . 47°45 46°43 43°12 Dec, 15 | 46°37 45°71 45°15 Dec, 15} 98 
— 03 — +7 
1881 | January . 47°15 44°96 39°43 1881 Jan. 15) 46°34 45°65 45°14 1881 Jan. 15) 105 B 
Pol 4 
February . 46°64 43°17 38°10 Feb. 15} 46°31 v 45°59 45°09 Feb. 15| 109 = 
— "03 — "OS I 
March . 46°09 42°29 39°18 Mar. 15} 46°28 45°54 44°95 Mar. 15} 110 Pi 
— "03 — "24 I 
April . 45°59 42°17 39°82 April 15 | 46°25 45°44 44°71 Apr. 15) 111 
— "04 4 
May 45°19 42°78 43°66 May 15 | 46°21 45°33 44°60 May 15} 115 
"04 an 4 + 2 
June 45°06 44°48 47°99 June 15 | 46°17 45°27 44°69 June 15} 117 
— "OS + "or + +2 
July 45°26 46°07 50°32 July 15} 46°12 45°28 44°71 id July 15} 119 - 
+02 5 
August 45°70 47°50 50°87 Aug. 15 | 46°10 45°30 44°97 - Aug. 15} 124 oe 
September 46°23 48°08 49°95 Sept. 15 | 46°08 45°43 . | 45°33 Sept. 15} 130 
+ ‘or +°I7 + °30 +5 
October 46°67 48°12 48°14 Oct. 15} 46°09 45°60 45°63 Oct. 15 | 135 
November 46°96 47°24 45°67 Nov, 15| 46°13 45°79 45°91 Nov. 15} 136 
+ +°I5 +°II 
December . 46°96 46°49 43°36 Dec. 15 | 46°18 45°94 46°02 Dec. 15} 135 
+ -4 
1882 | January . 46°79 45°25 42°54 1882 Jan. 15) 46°24 46°04 46°08 1882 Jan. 15) 131 " 
‘o9 +" 
February . 46°48 44°68 42°41 Feb. 15 | 46°30 46°13 46°14 Feb. 15 | 125 
+ + 
March . 46°22 44°39 42°83 Mar, 15 | 46°36 46°21 46°28 Mar. 15 129 
+ "05 +12 +2 
April . 45°99 44°36 43°19 April 15 | 46°41 46°31 46°40 Apr. 15) 131 
+ +1 
May 45°83 44°56 44°97 May 15| 46°46 46°39 as 46-53 May 15) 142 
June 45°78 45°71 48°66 June 15} 46°51 ° 46°47 46°52 June 15} 141 
+°O5 + ‘or 
July 45°99 47°18 July 15 | 46°56 46°48 46°38 
August 46°39 48°50 52°51 
September 46°84 49°21 51°40 
October 47°30 49°11 49°73 
November 47°57 48°24 45°47 
December . 47°58 46°60 41°75 
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Taste ITI, 


WEEKLY OpsErvVATIONS oF Sun-Spots, ALSO WEEKLY OBSERVATIONS OF EARTH THERMOMETERS 1, 2, ann 3. 
Atso AnnuaL or Sun Spots, contectep Weexty, AnD ANNUAL Meays or Eartu THERMOMETERS 
1, 2, AND 3 COLLECTED Weexzy THROUGH THE YEARS 1880, 1881, anp 1882. Fottowep sy THREE 
PLATES EXHIBITING THOSE NUMBERS DULY ProJectED To ScaLEs oF TIME, AND QUANTITY. 


New | New New | 
Y Sun- Year Sun- s collected 
Annual Sams collected Day. Sete Annual —_ and ||Day.| Spots e 
Month each Weekly. Month each 
Week. Week. | ee | 
1880 1881 1880 1882] 1881 1882 
Jan. | 2 Jan. | | duly 15to July 8. 99| | July 15to July 8. 135 
21 | 0 295, 22. 102 | 184 
Aug. 5,, 29 . 104 Feb 4| |Aug. 5,, 29 . 130 
Feb. | 4 | 3 12, Aug. 5. 105| Feb. | 12 Aug. 129 
2 19 12. 103 ala 19 12.1 
18 | 0 26 19 103 sis 19: 131 
Sept. 2 ,, 2.105} | 4] | Sept. 2, 26 . 128 
Mar. | 4) 1 9, 2. ,, Sept. 125 
0 | 11 16 ” 9. 108 16 9 
18| 2 | 18 | 2 93°” 16 | 109 | 23 16 . 126 
25 | 0 | 25 | 2 30” 23 | 108 30 23 128 
April] 1] 6 
8) 14 ,, Oct. 7. 107 15 » Oct. 7. 130 
15 |. 0 21 14. 107 3 21 ,, 14, 
z | Nov. 4,, 28 . 111 Ma 6| 4 |Nov. 4,, 28 . 127 
May | 6| 2 11 ,, Nov. 4. 109| May 4 11) Nov. 4. 132 
13| 1 3 18 11: 112 at 4 18 11 133 
25” 18 114 25 18 . 134 
Dec. 2 25 . 118 1 2,, 25 . 138 
June| 1 June| 38 ” June 9” Dec. 2. 139 
| 10| 2 10) 3 16 9. 142 
10 1 | 16 ,, 9.115 17 ” 
17| 3 | | 4 16 . 118 93» 16 . 140 
24 0 3 117 30 23. 141 
July | 3 | Jan. 7 to Dec, 30 . 69 || July 2 20° iam 
14, Jan. 7. 68 14,, Jan. 7. 118 aly 
15 | 0 15) 3 21 14. 121 
22| 2 3” 22) 2 23” 91; a3) 3 
99 | 2 29| 4 29} 0 
Feb. 4 28 . 68 9 |Feb. 4,, 28.122) | 
Aug. | 5| 1 Feb, 4. 68 5 11, Feb. 4. 193) | 1 
12) 3 IZ; 1 18 11 123 
19| 1 18 ,, 19] 1 i9| 1 
26 1 25 ” 18 . 9 26 3 ” 2°26 0 
128 
16| 1 18 ,, 2 16| 2 
93 2 25 ” 18 75 23 l ” . 93 3 
2 Apr. 1,, 25 . 77 Apr. 1,, ¢ 
14] 2 15 5, 4| 2 
og | 29. 22 . 87 93] . 98 | 
136 
Nov.| 4| 2 | May 6,, 29. 87 Nov. | 4] | May 
ig| 1 20 13 . 90 ig| 3 ig| 4 
25| 2 25| 1 25] 5 
27. 13 
Dec. | 2] sun Dec. | 2] 3 ye | 
16 | 0 95 16) 3 24” 17 | 134 
3 24 7. 23 | 2 23 | 3 
8 ,, July 1. 98 8, July 1 137 | 


| 
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TaBLE III. continued ; on WEEKLY OssERvaTIONs or Sun-Spots, atso WEEKLY OBSERVATIONS oF EarTH 
THERMOMETERS 1, 2, AND 3. Atso ANNUAL or Sun-Spots, Weexty, anD ANNUAL 
or EartH THERMOMETERS 1, 2, AND 3 COLLECTED Weexzy THROUGH THE YeEaRs 1880, 1881, anp 1882. 
FottowED BY THREE PLATES EXHIBITING THOSE NUMBERS DULY ProsecteD To ScaLEs or TIME, AND 
QUANTITY. 


Annual Means for Middle Week of 
Year. Month, Day. Therm, 1, | Therm, 2, | Therm, 3. 52 continuous Weeks collected | Therm, 1. | Therm. 2. | Therm. 3. 
at every Successive Week for 


1880 | January. . 5 46°88 44°82 41°48 
12 46°78 44°62 41°90 
19 46°68 44°51 40°54 
26 46°59 44°28 ‘55 
February 2 46°51 43°98 39°67 
9 46°43 43°69 40°82 
16 46°36 43°58 40°54 
23 46°24 43°50 41°05 
March 1 46°14 43°43 41°30 
8 46°07 43°42 41°43 
15 45°97 43°40 41°69 
22 45°88 43°45 41°43 
29 45°81 43°42 41°01 
April . 5 45°74 43°35 41°69 
12 45°67 43°34 42°14 
19 45°58 43°35 42°38 
26 45°47 43°44 43°23 
May 3 45°48 43°61 43°59 
10 45°42 43°76 44°29 
17 45°44 43°99 44°71 
24 45°43 44°19 46°06 
31 45°35 44°46 46°50 
ee 7 45°35 44° 


Jan. 5, 1880 to Dec. 27, 1880| 46°32 46°00 45°97 
July . 5 | 4553 | 4611 | 50-40 
12 | 4562 | 4659 | 50-71 
| 4569 | 46-91 | 5097 be 
| 46°35 | 46-04 | 45°92 
16 46°14 48°12 52°78 93 — 46°38 46-05 45°76 
23 | 4616 | 4838 | 52:95 ” 
30 46°32 48°76 53°23 Mar. 21 46-20 45-70 
1 Mar. 7 46-40 | 46:01 | 45:59 
20 | 4666 | 4947 | 52:52 
27 | 46-84 | 49°61 | 51:67 ” 
October 4 | | 4003 | sisg 5» 
| | ae 46-40 | 45°87 | 45:32 
November .| 1 | 4797 | 48°75 | 4582 [MAY 3 2% | oe 
8 47-46 48-32 45°30 
1 | 4748 | 47:86 | 45:30 
92 | 47-48 | 47:50 | 43-74 mae 
29 | 4755 | 4718 | 43-08 " 
13 47°50 | 46:52 44°38 
| 4733 | 4609 | 41°57 
hy § 2 4635 | 45°67 | 45:13 
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4° 45 -()s 47°45 
21 45°43 45°37 48°60 
28 45°49 45°72 49°51 
. 
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TaBLe ILI. continued ; oR WEEKLY OBSERVATIONS OF SuN-Spots, ALSO WEEKLY OBSERVATIONS OF EARTH 
THERMOMETERS 1, 2, AND 3. ALso ANNUAL Sums oF Sun-Spots, coLLECTED WzeKLY, AND ANNUAL Means 
OF EartH THERMOMETERS 1, 2, AND 3 COLLECTED WEEKLY THROUGH THE YEARS 1880, 1881, and 1882. 
Fottowep BY THREE PLATES EXHIBITING THOSE NUMBERS DULY ProJecteD To ScaLEs OF TIME, AND 


QUANTITY. 
Annual Means for Middle Week of 
Year, Month, Day. Therm, 1, | Therm, 2. | Therm, 3 52 continuous Weeks collected Therm, 1. | Therm, 2, | Therm, 3. 
at every Successive Week for 
| July 12,1880 toJuly 4,1881] 4635 | 45°66 | 45-11 
17 | 4714 | 4497 | 39-60 | | 
24 47-05 44°59 38-40 
31 46 97 44°18 37°60 Aug. 3 26 
ug. 
February 8 4631 | 45°60 | 45°06 
21 4659 | 4298 | 38-20 = | on | 
28 46°43 42°74 38°10 
March 46°30 | 42:52 | 39-60 | Sept 6 » 4629 | 45°56 | 44°98 
14 46:17 | 42:32 | 38-60 
21 4600 | 42°15 40-00 ” 
219 | 27 46-27 | 45-49 44°74 
| April . 4 | 45-74 | 4223 | 3910 Oct 4 » 26 46°26 | (45°46 (44°71 
11 45°64 42:16 | 39-20 Oct. 
18 45°53 42°10 40°28 
| 2% | 4544 | 4248 | 40-70 
Nov. 1 24 46-22 | 45°37 44°64 
M 2 45°32 
ay 46-21 | 45:35 | 44-65 
93 45°13 43°05 44°39 22 ” 14 46°19 45°33 44°66 
; Dec. 6 28 46-16 | 45°32 | 44-75 
- en 13 Dee. 5 4615 | 4532 | 44-78 
15-09 | 27 46°13 45°32 | 44°77 
en |Jan. 31881, 26 46:13 | 45°32 44°77 
10 2 4612 | 45°32 | 44-80 
| 17 9 1882| 46°11 45°32 | 44-83 
25 45°37 46°63 51°12 24 ” 16 46°11 45°33 44°88 
: 31 a 4610 | 45:34 | 44:97 
August 45°47 | 47-01 50°85 
8 | 4558 | 4729 | sito 7 
29 45°94 47°92 50°40 28 ” 20 46°09 45°43 45°31 
| Mar. 27 46°08 45°47 45°40 
19 46°29 48°09 49°99 21 ” 13 46°08 45°54 45°55 
26 46°41 48°16 50:00 28 ” 20 46°09 45°59 45°61 
Apr. 4 27 46-09 45°63 45°68 
| — 4610 | 4567 | 45-76 
| 17 46-68 4823 48-18 18 0 46°11 45°71 45-84 
| November . 46-90 47°59 45-00 » May 4 
| 14 46°97 47°30 45°90 = ‘ 8 46 as 45°87 4601 
| 21 | 46:98 | 47-09 | 46-18 
December 46:98 | 4684 | 449g 29 
12 | 4697 | 4664 | 44-09 aa | 
19 46°93 46°39 42°68 ‘1 
2% | 4694 | 4608 | 41°70 27 8 46°23 | 46°04 | 46 
July 4 . 26 46°24 46°06 46°12 
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TaBLe III. continued; on WEEKLY OBsERVATIONS OF Sun-Spots, ALSO WeekLy OBsERVATIONS OF EARTH 
THERMOMETERS I, 2, anD 3. Atso ANNUAL Sums or SuN-Spots, COLLECTED WeeKLY, AND ANNUAL Means 
or Earta TaHermMometers 1, 2, anD 3 COLLECTED Weexiy THROUGH THE YEARS 1880, 1881, anp 1882. 
FOLLOWED BY THREE PLATES EXHIBITING THOSE NUMBERS DULY ProsecTeD To ScaLEs oF TIME, AND 


QUANTITY. 
Annual Means for Middle Week of 
Year, Month. Day Therm, 1, | Therm, 2, | Therm, 3, | 52 continuous Weeks collected | Therm. 1, | Therm. 2. | Therm, 3, 
at every Successive Weck for 
1882 | January . July 11, 1881 to July 31882} 4625 | 4608 | 46-14 
| 25 46-28 | 4612 | 46-16 
February 6 | 4659 | 44:86 | 42-19 on | | oe 
| oo | | 46°33 | 4618 | 46-23 
20 46°45 4460 | 42:32 | | 
27 46°37 44°51 42°79 
Sept. 5 46°35 46-22 46°31 
March ue | P12 Sept. 4 4637 | 4624 | 4635 
| “40 19 4638 | 4626 | 46°38 
* 20 46°19 | 44:35 | 43°26 18 4639 | 46:28 | 46-41 
: 27 46:13 | 44:37 | 43-00 
| 
46-40 | 46°31 46°42 
; April . 3 46-06 | 4437 | 43:10 | | 
x 17 45°97 44°37 42°96 24 7 16 46°44 46°36 46°49 
~ 24 45°93 44°35 43°51 8] a 23 46°45 46°38 46°53 
May 1 45°88 44°37 43°69 7 30 46°46 46°40 46°57 
8 45°84 44°42 44°06 "14 "Nov. 6 46°47 46°42 46°62 
5. 15 45°82 | 4450 | 44°59 21 13 46-48 | 46-44 46-62 
, 29 45°79 44°85 46°83 4 
June | 4577 | 4515 | » om | 
26 45°31 | 4621 | 49-11 26 46°55 | 46°49 | 46°44 
My 
sxe | 4649 | 50-01 | Jam. 21882, 25,1882) 4656 | 4648 | 46-43 
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August . . 7 46-24 48:10 | 51-90 


September . 4 46°66 49°10 51°95 ‘ 
11 46°78 49°20 51°75 
18 46°90 49°25 51°19 
25 47°03 49°28 50°71 
October . 


November . 6 47°52 48°75 47°35 
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V.—On Neuropteris plicata, Sternberg, and Neuropteris rectinervis, Kidston, n. sp. 
By Rosert Kinston, F.R.S.E., F.G.S. (With a Plate.) 


(Read 30th January 1888.) 


Neuropteris plicata was described by STERNBERG in 1826, from a specimen from 
Mireschau, Bohemia, but the species seems to be very rare and imperfectly known. As 
other ferns have been identified as N. plicata in error, I give a figure of what I believe 
to be SreRNBERG’s plant, an identification with which my friend M. ZEILLER entirely 
agrees, 

I also figure and describe a new species of Neuropteris, which is identical with that 
identified as NV. plicata by RoEut, but from which species it is essentially distinct. 


Neuropteris plicata, Sternberg (figs. 1, 1a). 
Neuropteris plicata, Sternb., Vers., i. fase. iv. p. 16; ii. p. 74, pl. xix. figs. 1 and 3. 


Description.—Frond tripinnate (?), pinnz alternate (?), linear-lanceolate; pinnules 
sessile, approximate or separated a short space, cordate-ovate or cordate-lanceolate, apex 
blunt, margin plicate; nervation very fine, central vein dividing into numerous branches 
some distance below the apex; lateral veins numerous, curved upwards, and dividing 
three times. Terminal lobe elongate-triangular, small. 

Remarks.—The only specimen of this species which has come under my notice is that 
given on fig. 1. It was collected by Mr Jonn Warp, F.G.S., Longton, from whom 
I received it. It is in an exquisite state of preservation, and shows the nervation very 
beautifully. The veins are too close and too fine to be represented in a sketch of natural 
size (fig. 1), but a portion of a pinnule, enlarged four times to show the nervation, is 
given at fig. la. There are five of the ultimate divisions of the veins in 1 mm. at the 
margin of the pinnule. The central vein appears to be formed rather by the united bases 
of the lateral veinlets than to consist of a mid-vein giving off lateral veinlets. The 
specimen I figure is identical in all respects with the type figure; and, when the two 
figures are compared, they bear a wonderful similarity. 

Before seeing this example, I was inclined to regard N. plicata as identical with 
N. flexuosa,* being partly led to this belief by finding what I now regard as undoubtedly 
N. flecuosa identified as N. plicata.t As SrerNBERG has omitted to give enlarged 
details of the nervation of his fern, its identification has been made much more difficult. 


* Catal. of Paleoz. Plants, p. 94, where it is in error united with Neur. flecuosa. I however excluded Neur. plicata 
from Neur. flecuosa in my paper on the “ Radstock Fossil Flora,” Trans. Roy. Soc, Edin., vol. xxxiii. pt. ii. p. 359. 
t Lesquereux, Coal Flora of Pennsyl., vol. i. p. 96, pl. x. figs. 1-4. 
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In addition to the type, two other published figures have been referred to N. plicata. 
These are the figures given by LesquEREvux,* which are clearly referable to N. flexuosa, 
Sternb., and those given by Rorxt,t of which, probably both figures, but certainly one, 
is referable to my N. rectinervis, which is described below. 

In N. flexuosa, of which I have lately been able to examine many fine specimens 
from the Radstock Series, the terminal lobe is always very large, the pinnules more 
obtuse and not so lanceolate, and the lower auricle more pronounced than in N. plicata. 
The nervation in N. flexuosa is also stronger and not so fine, there being usually at the 
margin of the pinnules only four veins in 1mm. Occasionally, however, in some 
specimens of N. flexuosa, immediately within the margin of the pinnule, a fourth 
dichotomy of the veins takes place, which makes them more numerous than four in 
1 mm. 

Locality— Longton Hall Colliery, Longton, Staffordshire. 


Horizon :—Middle Coal Measures. From a bed about 2 feet above the Great Row 
Coal. 


Neuropteris rectinervis, Kidston, n. sp. (figs. 2-4.) 


Neuropteris plicata, Roehl (not Sternberg), Foss. Flora d. Steink.-Form. Westphalens, p. 38, pl. xiii. fig. 8 
(? pl. xx. fig. 7). 


Description.—Pinnules sessile, alternate, oval or oblong, blunt, approximate or 
slightly separate, margin entire and free from plications; midrib very distinct, ‘and 
extending almost to the apex; lateral veins distinct, numerous, fine, springing from the 
mid-rib with a gentle curve, and then running the greater part of their course at almost 
right angles to the margin of the pinnules, usually once, but occasionally twice, divided. 
At the margin of the pinnules there are five to six ultimate divisions of the veins in 
1mm. Terminal lobe oblong. 

Remarks.—The specimens figured were collected in 1879, but, from their fragmentary 
nature, have remained undescribed till now, when, in treating of N. plicata, it has been 
thought advisable to specifically distinguish this species, which has been confused with 
N.. plicata, Sternb. I have the less hesitation in doing so, as the nervation is so 
characteristic, that NV. rectinervis can at once be distinguished from all other species. 

Of the two figures given by Ron as N. plicata, that on his pl. xiii. fig. 8, is clearly 
N. rectinervis. About the other figure, given in his pl. xx. fig. 7, one cannot speak with 
so great certainty, though the probability is that it is also referable to N. rectinervis. He 
says, in describing the nervation of his specimens,{ “the lateral nerves stand almost 
upright to the principal nerve, are very distinct, close together, once bifurcated, feebly 
bent ’"—which agrees entirely with the character of my plant. 

The figures given show the variation in the size and form of the pinnules. 


* Loc. cit., pl, x. figs. 1-4. 


t Foss. Flora..d. Steink.-Form. Westphalens, p. 38, pl. xiii. fig. 8; pl. xx. fig. 7. 
t Loc, cit., p. 38. 
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Locality.—Polton, Bonnyrigg, Mid-Lothian. 
Horizon :—Lower Coal Measures. 


EXPLANATION OF PLATE. 


Fig. 1.—Neuropteris plicata, Sternberg. From shale above Great Row Coal, Longton Hall Colliery, 
Longton. Middle Coal Measures. (Collected by J. Warp, F.G.S.). Nat. size. 
Fig. la, Nervation x 4. 


Figs. 2-4.—Neuropteris rectinervis, Kidston, n.sp. From Polton, Bonnyrigg, Mid-Lothian. Lower Coal 
Measures. Nat. size. 
Fig. 2a, Nervation x 4. 
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VL.—On the Fossil Flora of the Staffordshire Coal Fields. By Roseat Kinston, 
F.RS.E., F.G.8. (With a Plate.) 


(Read 30th January 1888. ) 


PART L. 


On THE FosstL PLANTS COLLECTED DURING THE SINKING OF THE SHAFT OF THE HAMSTEAD 
CoLLIERY, GREAT Bark, NEAR BIKMINGHAM. 


The area comprised in the county of Stafford embraces five coal fields— 


I. The Goldsitch Moss Coal Field, in the extreme north-east of the county. 
Il. The Cheadle and Churnet Valley Coal Field. 
III. The Wetley and Shafferlong Coal Field. 
IV. The Coal Field of the Potteries. 


V. The South Staffordshire Coal Field. 


The three first mentioned are of small extent, and as I know little of their fossil flora 


they are omitted from this series of papers on the Carboniferous Flora of the Stafford- 
shire Coal Fields. 

I, however, devote a separate communication to the fossil plants met with while 
sinking the shaft of the Hamstead Colliery, Great Barr, as a considerable part of the 
rocks passed through during this operation is clearly Upper Coal Measures, not 
Permian, as has been generally stated. The paleontological evidence, therefore, becomes 
of special importance in determining the age of the red shales occurring in the upper part 
of this sinking, which have been usually mapped as Permian. 

Strata of the same age also occur in the Potteries Coal Field, but the fossil plants are 
not so fully known from them as from the strata passed through in the sinking at Ham- 
stead. The determination, therefore, of the true position of the red shales at Hamstead 
assists one in dealing with the stratiography of other districts of Staffordshire. 

At the meeting of the British Association, held at Birmingham in 1886, Messrs 
Frepertck G. Mracuem, M.E., and H. Insey, read a paper, entitled “ Notes on the Rocks 
between the Thick Coal and the Trias north of Birmingham and the Old South Stafford- 
shire Coal Field ;” this paper, of which an abstract is given in the Report of the British 
Association for 1886,* contains the only published opinion, as far as I am aware, that 
these red shales belong to the Upper Coal Measures. 


* Page 626. 
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Last year Mr Meacuem kindly gave me the opportunity of examining the fossils 
collected during the sinking operations at Great Barr, and the Upper Coal Measure 
facies of many of the specimens is very pronounced. I revisited Hamstead Colliery this 
year, and went more carefully over the specimens. Mr Meacuem diligently collected 
examples of all the fossils met with during the sinking of the shaft, and at the same 
time noted at what depths they occurred, and the nature of the beds in which they were 
contained. The whole of this collection was most kindly placed at my disposal for 
determination and description. Mr F. G. Meacuem has further favoured me with the 
details shown in the following section, which give the general character of all the beds 


from which the fossils were derived, as well as the thickness of the beds, and the depths 
at which they occur. 


VERTICAL Sxction, showing the position of the Fossiliferous Strata passed through while sinking the Shaft 


of the Hamstead Colliery. 
Depth fi 
Surface in Kerem Description of Bed. Fossil Contents. 
'| Surface to pe Red and brown sandstones, and 
209 yards. light red marls. 
209 2 Light marl. (?) Rachis of Fern. 
243 34 Red Marl. Odontopteris Lindleyana, Sternb. 
2674 Unconformity. 
336-346 10 Red marls (44 yards) and red | Pecopteris arborescens, Schl., sp. 
sandstone. Raindrop impres- »  wunita, Brongt. 
sions and desiccation cracks i Miltoni, Artis, sp. 
occur at depth of 336 yards | Newropteris ovata, Hoffm. 
Z in a blue band 6 inches thick. = Scheuchzeri, Hoffm. 
The ‘“ Spirorbis” Limestone flexuosa, Sternb. 
z occurs at a depth of 341 yards | Alethopteris aquilina, Schl., sp. 
Ss 1 foot, with a thickness of | Calamites, sp. 
8 inches, Annularia stellata, Schl., sp. 
3 ‘ Sphenophyllum emarginatum, Brongt. 
“? Lepidophyllum lanceolatum, L. & H. 
2. Cyperites bicarinata, L. & H. 
= Cordaites angulosostriatus, G’. Eury. 
350 13 Brick-coloured mars. Walchia imbricata, Schimper. 
400 54 Light purple rocky marl. Neuropteris rarinervis, Bunbury. 
411 3 Purple and red shale. Calamites, sp. 
Pecopteris Miltoni, Artis, sp. 
Pecopteris, sp. 
Neuropteris rarinervis, Bunbury. 
Annularia stellata, Schl. 
Cyperites bicarinata, L. & H. 
Lepidostrobus, sp. 
Stigmaria ficoides, Sternb., sp. 
Walchia imbricata, Schimper. 
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VERTICAL SecTION—continued, 


319 


Depth from 
Surface in 
yards. 


Description of Bed. 


Fossil Contents. 


Upper Coal Measures. 


440 


Red sandstone and grey shale. 


Calamites Suckowit, Brongt. 
Calamites undulatus, Sternb. 
Calamites varians, Sternb. (var.). 
Alethopteris decurrens, Artis, sp. 
Lepidodendron Wortheni, Lesqx. 
Lepidostrobus variabilis, L. & H. 
Sigillaria, sp. 

Pianularia capillacea, L. & H. 
Sternbergia approximata, Brongt., sp. 


Middle Coal Measures. 


451 


Unconformity and erosion of 
strata. Measures below this 
assume a much purpler hue. 


533-536 


Blue bind. 


Calamites varians, Sternb., (var.). 
Calamocladus equisetiformis, Schl., sp. 
Lepidodendron aculeatum, Sternb. 
Lepidostrobus variabilis, L. & H. 
Sigillaria reniformis, Bgt. 


Cyperites bicarinata, L. & H. 
Stigmaria ficoides, Sternb., sp. 
Cordaites, sp. 

Cardiocarpus Meachemii, Kidst., n. sp. 


550 


Grey shale. 


Carpolithus ovoideus, Gopp. & Berger. 
Edmondia rudis, M‘Coy. 


555 


Dark grey clod, marine beds, 


Productus semireticulatus, Martin. 

scabriculus, Martin. 
Edmondia rudis, M‘Coy. 
Modiola lingualis, Phill. 


Anthracosia Urei, Flem, (= A. acuta), Sow. 


Leda attenuata, Flem. 


Goniatites, sp., allied to G. excavatus, Phill. 


Schizodus, allied to S. carbonarius, Portl. 


Purple and grey shales. 


Calamites Suckowti, Brongt. 

Neuropteris rarinervis, Bunbury. 

Mariopteris muricata, Schl, var. nervosa 
(Brongt., sp.). 


Top of “thick coal.” Shales 
above it devoid of fossils. 


623-625 


Shales with ironstones. A few 
fossils, chiefly Stigmaria. 


631 


The Fossil Plants can be most conveniently considered in connection with their geolo- 


“ Heathen coal.” 


gical positions. 


I, Those from the Upper Coal Measures, comprising the strata passed through from 


the surface to a depth of 451 yards. 


| 
‘ Thickness of | 
Bed in yards. | 
| | 
| 
Sigillaria mamillaris, Bgt. 
| Stgillaria, sp. 
| 
| 
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II. Those from the Middle Coal Measures, beginning at a depth of 451 yards, and 
comprising the remaining strata passed through. 


I. THe Fiora or THE Upper MEASURES. 


Calamites, Suckow. 
Group l—Calamitina, Weiss., Ste:nkohlen Calamarien, part ii. p. 59, 1884. 
Calamitina (Calamites) varians, Sternb., var. 
Calamites varians, Sternb., Vers., ii. p. 50, pl. xii. 
Horizon :—At a depth of 440 yards. 


Group Ill—Stylocalamites, Weiss., ibid., p. 119. 
Stylocalamites (Calamites) Suckowii, Brongt. 
Calamites Suckowii, Brongt., Hist. d. végét. foss., p.124, pl. xiv. fig. 6; pl.xv. figs. 1-6 ; pl. xvi. figs. 2-4 (fig. 11). 
Horizon :—At a depth of 440 yards. 


Stylocalamites (Calamites) undulatus, Sternb. 


Calamites undulatus, Sternb., Vers., i. fasc. 4, p. xxvi.; Vers., ii. p. 47, pl. i. fig. 2; pl. xx. fig. 8. 

Calamites undulatus, Zeiller, Flore foss. du bassin houiller de Valenciennes, pl. liv. fig. 1, 1886. 

Calamites undulatus, Brongt., Hist. de végét. foss., p. 137, pl. xvii. figs. 1-4. 

Calamites Suckowti, var. undulatus, Weiss., Steinkohlen Calamarien, part ii. p. 135, pl. xvii. fig. 4, and 
text figure, p. 135, 1884. 


Remarks.—This plant is regarded by several writers as a distinct species, but by 
others as a variety of Calamites Suckowu, Brongt. 


Horizon :—At a depth of 440 yards. 


Calamites, sp. 


Remarks.—Several fragments, which, however, cannot be specifically determined, 
occur at depths of 336 and 411 yards respectively. 


Annularia, Sternb. 
Annularia stellata, Schloth., sp. 


Casuarinites stellatus, Schloth., Flora d. Vorwelt, p. 32, pl. i. fig. 4. 
Annularia longifolia, Brongt., Prodrome, p. 156. 
Asterophyllites equisetiformis, L. and H. (not Schloth.), Fossil Flora, vol. ii. pl. exxiv. 


Fruit.—Bruckmannia tuberculata, Sternb., Vers., i. fase. 4, p. xxix. pl. xlv. fig. 2. 
Horizons :—At depths of 336 and 411 yards. 
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Sphenophyllum, Brongt. 


Sphenophyllum emarginatum, Brongt. 


Sphenophyllum emarginatum, Brongt., Prodrome, p. 68. 
Sphenophyllum emarginatum, Zeiller, Flora foss. du bassin houiller de Valenciennes, pl. Ixiv. figs. 3-5, 1886. 


Horizon :—At a depth of 336 yards. 


Neuropteris, Brongt. 
Neuropteris rarinervis, Bunbury. 
Neuropteris rarinervis, Bunbury, Quart. Jour. Geol. Soc., vol. iii. p. 425, pl. xxii. 


Horizons :—At depths of 400 and 411 yards. 


Neuropteris ovata, Hoffm. 


Neuropteris ovata, Hoffmann, Keferstein’s Teuchland geognostisch-geologisch dargestellt, vol. iv. p. 158, 
pl. id. figs. 5, 6, 7 (excl. fig. 8), 1826. 
Neuropteris ovata, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 359, pl. xxii. fig. 1.* 


Horizon :—At a depth of 366 yards. 


Neuropteris Scheuchzeri, Hoffm. 


Neuropteris Scheuchzeri, Hoffm., Keferstein’s Teuchland geognostisch-geotogisch dargestellt, vol. iv. p. 158, 
pl. id. figs. 1-4, 1826. 
Neuropteris Scheuchzeri, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 356, pl. xxiii. figs. 1-2.* 


Horizon :—At a depth of 336 yards. 


Neuropteris flexuosa, Sternb. 


Osmunda gigantea, var. B, Sternb., Vers., i. pp. 36 and 39, pl. xxxii. fig. 2. 
Neuropteris flexuosa, Sternb., Vers., i. fase. iv. p. xvi. 
Neuropteris flexuosa, Brongt., Hist. d. végét. foss., p. 239, pl. Ixviii. fig. 2; pl. Ixv. figs. 2, 3. 


Horizon :—At a depth of 336 yards. 


Odontopteris, Brongt. 
Odontopteris Lindleyana, Sternb. 


Odontopteris Lindleyana, Sternb., Vers., ii. p. 78. 
Odontopteris obtusa, L. and H. (not Brongt.), Fossil Flora, vol. i. pl. xl. 


Horizon :—At the depth of 243 yards. 


* Where remarks and further references will be found. 
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Pecopteris, Brongt. 


Pecopteris arborescens, Schloth., sp. 


Filicites arborescens, Schloth., Flora d. Vorwelt, p, 41, pl. viii. figs. 13, 14. 
Pecopteris arborescens, Brongt., Hist. d. végét. foss., p. 310, pls. cii. ciii., figs. 2, 3. 
Pecopteris arborescens, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 366.* 


Horizon :—At a depth of 336 yards. 


Pecopteris unita, Brongt. 


Pecopteris unita, Brongt., Hist. d. végét. foss., p. 342, pl. exvi. figs. 1-5. 
Pecopteris unita, Kidston, Trans. Roy. Soc, Edin., vol. xxxiii. p. 367, pl. xxiv. figs. 2-9.* 


Horizon :—At a depth of 336 yards. 


Pecopteris Miltoni, Artis, sp. 
Filicites Miltont, Artis., Antedil. Phyt., pl. xiv. 
Pecopteris Miltoni, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 374.* 
Pecopteris abbreviata, Brongt., Hist. d. végét. foss., p. 337, pl. cxv. figs. 1-4. 


Horizon :—At a depth of 336 yards. 


Alethopteris, Sternb. 


Alethopteris decurrens, Artis, sp. 
Filicites decurrens, Artis, Antedil. Phyt., pl. xxi. 
Alethopteris decurrens, Zeiller, Flore foss. du bassin houiller d. Valenciennes, pl. xxxiv. figs. 2, 3; pl. xxxv. 
fig. 1; pl. xxxvi. figs. 3, 4. | 
Pecopteris heterophylla, L. and H., Foss. Flora, vol. i. pl. xxxviii. 
Pecopteris Mantelli, Brongt., Hist. d. végét. foss., p. 278, pl. Ixxxiii. figs. 3, 4. 


Remarks.—This is most probably only a variety of Alethopteris lonchitica, Schloth., 
sp., with which I have previously united it. 


Horizon :—At a depth of 440 yards. 


Alethopteris aquilina, Schloth., sp. 
Filicites aquilina, Schloth., Flora d. Vorwelt, p. 38, pl. iv. fig. 7; pl. v. fig. 8. 
Horizon :—At a depth of 336 yards. 


* Where remarks and further references will be found. 
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Lepidodendron, Sternb. 


Lepidodendron Worthenii, Lesquereux. 


Lepidodendron Worthenii, Lesqx., Coal Flora of Pennsyl., vol. ii. p. 388, pl. xiv. figs. 8, 9. 
Lepidodendron Worthenii, Zeiller, Flore foss. du bassin houiller d. Valenciennes, pl. lxxi. 


Horizon :—At a depth of 440 yards. 


Lepidophyllum, Brongt. 
Lepidolphyllum lanceolatum, L. and H. 
Lepidophyllum lanceolatum, L. and H., Fossil Flora, vol. i. pl. vii. figs. 3, 4. 
Horizon :—At the depth of 336 yards, 


Lepidostrobus, Brongt. 
Lepidostrobus variabilis, L. and H. 
Lepidostrobus variabilis, L. and H., Fossil Flora, wii i, pls. x. xi. 
Horizon :—At a depth of 440 yards. 


Lepidostrobus, sp. 
Horizon :—At a depth of 411 yards. 


Sigillaria, Brongt. 
Sigillaria, sp. 
Horizon :—At a depth of 440 yards. 


Cyperites bicarinata, L. and H. 
Cyperites bicarinata, L. and H., Fossil Flora, vol. i. pl. xliii. figs. 1, 2. 


Remarks.—The grass-like leaves placed under Cyperites bicarinata are the foliage of 
Sigillaria, and probably also of some species of Lepidodendron. | 

These fossils, as far as I have been able to observe, have not two veins as supposed by 
LINDLEY and Hutton. The little ledges formed by the two sides of a flat, central, single 
ven, form protected lodgments for the carbonaceous matter of the leaf, and often after 
the greater part of this substance has been removed from the other portions of the fossil, 
the prominence of these two lines of carbonaceous material, which frequently conceal the 


ei edges of the mid-rib, have given rise to the erroneous opinion that the leaves contain 
WO Velns.* 


* Lepidophyllum trinerve, L. and H., vol. ii. pl. clii.; Lepidophyllum binerve, Lebour ; Illustrations of Fossil Plants 
P. 103, pl. lii., are subject to the same explanation. 
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Pinnularia capillacea, L. and H., Fossil Flora, vol. ii. pl. exi. 


Stigmaria, Brongt. 

Stigmaria ficoides, Sternb., sp. ; 

Variolaria ficoides, Sternb., Vers., i. fasc. i. pp. 22, 24, pl. xii. figs. 1-3. aq 
Stigmaria ficoides, Brongt., Class. d. végét. foss., p. 28, pl. i. fig. 7. 4 
Horizon :—At a depth of 411 yards. : 
Pinnularia, L. and H. 4 

Pinnularia capillacea, L. and H. 4 

q 


Remarks.—Probably rootlets of various plants. 
Horizon :—At a depth of 440 yards. 


a 


Cordaites, Unger. 


Cordaites angulosostriatus, Grand’ Eury. 


Cordaites angulosostriatus, Grand’ Eury, Flore Carbon. du Départ. de la Loire, p. 217, pl. xix. 
Cordaites angulosostriatus, Zeiller, Végét. foss. d. terr. houill., p. 144, pl. clxxv. figs. 2, 3. 


Horizon :—At a depth of 336 yards. 


Sternbergia, Artis. 


Sternbergia approximata, Brongt. 


Sternbergia approximata, Brongt., Prodrome, p. 137. 
Sternbergia approximata, L. and H., Fossil Flora, vol. iii. pls. eexxiv.—ccxxv. 


Remarks.—The fossils described as Sternbergia (and Artisia) are casts of the pith 
cavity of stems of Cordaites. 
Horizon :—At a depth of 440 yards. 


Walchia imbricata, Schimper. (Fig. 9.) 


Walchia imbricata, Schimper, Trait. d. palednt. végét., vol. ii. p. 239, pl. xxiii. figs. 3, 3a, 30. 
Walchia imbricata, Renault, Cours. d. botan. foss., Quatritme Anné, p. 85, pl. viii. figs. 7, 8, 1885. 


Description—Stem bearing closely placed distichous branches, patent, slightly 
curved. Stem leaves loosely imbricated, linear, thick, incurved, blunt with a sharp 
point, keeled, about 1 centimetre long. Branch leaves densely imbricated, short, sub- 
squamiform, pointed-obtuse, thick, back distinctly keeled. 


4 
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Remarks.—Two specimens of this, the first true conifer I have met with in British 
Carboniferous rocks, have been found during the sinking of the shaft. | 

That figured comes from a bed of red marl at a depth of 350 yards from the surface ; — 
the other specimen is from a similar red bed, but at a depth of 411 yards. 

Fig. 9 is taken from the first-mentioned specimen, and shows a number of lateral — 
branches springing from the main stem. The leaves on the branchlets are tolerably well 
shown at various parts of the fossil, but the main stem is indistinct, and does not show 
any foliage. The stem leaves of this species are figured by ScuimpeR. Both branch and 
stem leaves are distinctly keeled from the presence of a prominent mid-rib. 

The second example only shows a number of Jateral branchlets, and is not so well 
preserved as that given at fig. 9. 

ScHENK* unites Walchia imbricata and W. flaccida, Gipp., to W. piniformis, 
Schloth., sp., as younger conditions of development. The same author also unites several 
other species of Walchia with W. piniformis. 

As there appears to be some difference of opinion as to the value of some of these _ 
species, 1 provisionally adopt ScuimPEr’s name for the Hamstead plant, with whose 
figure and description it agrees in all respects. 

Walchia is essentially a Permian genus, but on several occasions W. piniformis, 
Schloth., sp., has been recorded from the Coal Measures.t Conversely, several species ~— 
which attain their maximum development in the Coal Measures extend into he Pepi 
formation. In fact, there is a much greater similarity between the flora of the Upper 
Coal Measures and that of the Permian than exists between that of the Upper and Lower 
Carboniferous Rocks. 

In stating that this record of W. imbricata is the first occurrence of a coniferous 
plant in the Carboniferous Rocks of Great Britain, it should be mentioned that there is 
now the strongest evidence to show that the stems previously supposed to be coniferous 
(Araucarioxylon) are cycadaceous.t 

Horizons :—At depths of 350 and 411 yards, 


IJ. Tae or THE MippLE Coat MEASURES. 


A very imperfect idea is afforded of the richness of the flora of the Middle Coal 
Measures, as developed in South Staffordshire, from the few specimens collected at 
Hamstead ; but the meagre list of species recorded gives sufficient data for the comparison 
of the flora of the two divisions of the Coal Measures occurring at Great Barr. 


* Zittel’s Handbuch d. paleont., Band ii. Lief iii, p. 272, 1884, 
+ Zeiller, Végét. foss. du terr. houil., p. 135; Geinitz, Vers, d. Stinkf. in Sachsen, p. 33. 
i 3 Sus Grand’ Eury, Flore Carbon. du Départ. de la Loire, p. 249, 1877; Schenk, in Zittel’s Handbuch d. Paleont., 
il. Lief iii, p, 243, 1884; Renault, Cours. d. botan, foss., 1881, p. 82. 
VOL. XXXV. PART 6, 3H 


/ 
| 
| 
| 


326 MR ROBERT KIDSTON ON THE 


Calamites, Suckow. 


Calamitina (Calamites) varians, Sternb. 


Horizon :—At a depth of 533 yards, 


Stylocalamites (Calamites) Suckowii, Brongt. 
Horizon :—At a depth of 584 yards. 


Calamocladus, Schimper. 


Calamocladus equisetiformis, Schloth., sp. 


Casuarinites equisetiformis, Schloth., Flora d. Vorwelt, p. 30, pl. i. figs. 1, 2; pl. ii. fig. 3. 
Calamocladus equisetiformis, Schimper, Traité d. palednt. végét., vol. i. p. 324, pl. xxii. figs. 1-3. 
Hippurites longifolia, L. and H., Fossil Flora, vol. iii. pls. exe., exci. 7 


Horizon :—At a depth of 533 yards. 


Neuropteris, Brongt. 
Neuropteris rarinervis, Bunbury. 


Horizon :—At a depth of 584 yards. 


Mariopteris, Zeiller. 


Mariopteris muricata, Schloth., sp., var. nervosa. 


Pecopteris nervosa, Brongt., Hist. d. végét. foss., p. 297, pl. xciv.; pl. xev. figs. 1, 2. 
Pecopteris nervosa, L. and H., Fossil Flora, vol. ii. pl. xciv. 


Horizon :—At a depth of 584 yards. 


Lepidodendron, Sternb. 


Lepidodendron aculeatum, Sternb. 
Lepidodendron aculeatum, Sternb., Vers., i. fasc. i. pp. 20 and 23, pl. vi. fig. 2; pl. viii. fig. 1b; fase. iL, 


p. 25, pl. xiv. fig. 1-4; fase. iv. p. x. 
Lepidodendron aculeatum, Zeiller, Flore fuss. du bassin houiller d. Valenciennes, pl. xv. 


Horizon :—At a depth of 533 yards. 
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Lepidostrobus, Brongt. 
Lepidostrobus variabilis, L. & H. 
Horizon :—At a depth of 533 yards. 


Sigillaria, Brongt. 
Sigillaria reniformis, Brongt., fig. 11. 


Sigillaria reniformis, Brongt., Hist. d. végét. foss., p. 470, pl. cxlii. 

Sigillaria reniformis, Goldenberg., Flora Sarep. foss., Heft ii. p. 50, pl. viii. fig. 31. 

Sigillaria reniformis, Sauveur, Végét. foss. de la Belgique, pl. 1. fig. 1. 

Sigillaria reniformis, Zeiller, Flore foss. d. bassin houiller de Valenciennes, pl. \-:xxiv. figs. 4-6. 
Sigillaria cactiformis, Goldenberg, Flora Sarep. foss., Heft i. p. 26, pl. iv. fig. 1. 


Description.—Ribs wide, straight, smooth. Leaf scars reniform, approximate or dis- — 
tant, lateral angles distinct but not prominent. Vascular cicatricules; the two lateral 
lunate, central punctiform. Above the scar is occasionally a small cicatricule, and between 
each scar is a transverse line. Decorticated stem longitudinally striate; cicatricules 
geminate, the two parts oval, united with each other or separate, varying much in shape 
with age. | 

Remarks.—The smuali specimen figured shows considerable difference in the size of the — 
leaf scars and their relative distance apart. Towards the centre of the specimen the leaf — 
scars are smaller than those both above and below them, and the scars on the lower part — 
of the specimen are much closer together than those at the top of the fossil. 

From the peculiar condition in which this specimen has been preserved, the sub- 
cortical cicatricules are discernible through the bark, as distinctly defined oval elevations, 
which are visible in most of the leaf scars. One of these scars enlarged at fig. lla 
shows this clearly. Fig. 11b gives the normal condition of the outer surface of the 
leaf scar, and is a reproduction of fig. 11a, with the subcortical cicatricules omitted. 
From this specimen is learnt the position held by the lateral cicatricules of the leaf scar 
to its germinate cicatricules of the decorticated stem. 

Had any evidence been necessary to prove that the genus Syringodendron, Stern- 
berg, was only a decorticated condition of Sigillaria, such evidence is afforded by the 
specimen now figured. | 

Sigillaria reniformis, Brongt., is easily distinguished from Sigillaria Sawveuri, 
Zeiller,* by the presence in the former species of a notch on the upper margin of the leaf 
scar, and the absence of the transverse wrinkling below the scars. 

In regard to the function performed by these lateral lunate cicatricules, as exhibited 
on the outer surface of the leaf scars, there is every reason to believe that they are the 


* Zeiller, Flore foss. d. bassin howiller de Valenciennes, p. 559, pl. Ixxxiv. figs. 1-3. 


ape 
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orifices of two secreting glands which are placed beneath the bark. These glands pro- 
bably fulfilled their secreting function (whatever the nature of the secretion may have 
been) after the fall of the leaf, and throughout the whole life of the plant, and considering 
the great number of such glands on each plant of Sigillarza, RENAvLT throws out the 
suggestion that perhaps it might be asked if the secretion from these glands does not 
form a large part of the inorganic matter found in coal.* 

The faint striations on the surface of the stem drawn at fig. 11 are caused by the 
striations on the subepidermal surface, which have been imparted to the outer surface 
by pressure. 

Horizon :—In Blue Bind at a depth of 533 yards.t 


Sigillaria mamillaris, Brongt. 


Fig. 10. 
Sigillaria mamillaris, Brongt., Hist. d, végét. foss., p. 457, pl. exlix. fig. 1; pl. elxiii. fig. 1 (var. 
intermedia). 
Sigillaria mamillaris, Goldenberg, Flora Sarep. foss., Heft ii. p. 32, pl. viii. figs. 6-8 (fig. 8, var. 
intermedia). 


Sigillaria mamillaris, Weiss, Foss. Flora d. jiingst. Stk. u. d. Rothl., p. 164, pl. xv. figs. 1-4 (figs. 1, 2, 
var. abbreviata, fig. 4, var. elongata). 

Sigillaria mamilluris, Zeiller, Flore foss. du bassin houiller de Valenciennes, pl. 1xxxvii. figs. 5-10. 

Sigillaria pyriformis, Brongt., Hist. d. végét. foss., p. 448, pl. cliii. figs. 3, 4. 

Description.—Ribs straight or slightly flexuous, separated by a well-defined furrow. 
Leaf scars hexagonal or pyriform-hexagonal, as broad as long, or longer than broad, 
lateral angles distinct (especially in the forms with hexagonal leaf scars.) The surface, 
of the leaf scar is elevated from above downwards, so that the inferior margin stands at 
a higher level than the superior margin; the interfoliar portion of the ribs immediately 
below the leaf scar slopes downwards, the leaf scar is thus placed on the upper slope of an 
elevated cushion. Vascular cicatricule punctiform or slightly elongated transversely, 
lateral cicatricules lunate-elongate. Leafscars somewhat close or more distant. The 
interfoliar portion of the cushion on which the leaf scars sit, bears two lines of transverse 
wrinkles, between which the wrinkles frequently extend, and thus cover the whole of 
the interfoliar portion of the cushion. Above the leaf scars is a well-defined arched 
transverse furrow. 

Cone scars, quadrate or irregular-triangular, with a central subcircular cicatrice, 
situated on the ribs, and forming a verticil of several series. 

Decorticated stem striated longitudinally, and showing the three cicatricules, the 
lateral cicatricules almost straight or occasionally lunate and united at their extremities, 
thus forming a circle surrounding the vascular cicatricule. 

* Renault, “ Sur les cicatrices des Syringodendron,” Comptes Rendus, 24th October 1887. 
+ The lateral cicatricules in the leaf scars of Lepidodendron, Lepidophloios, and Bothrodendron, probably performed 
the same function, When the structure of these lateral cicatricules is examined, they never show any trace of vascular 


tissue, but are filled with lax parenchyma, A good figure of their structure is given by Dr Felix (Untersuchungen 
iiber den Bau weslfiilischer carbon Pflanzen, pl. ii. fig. 3 f, Konig Preusseschen geol. Landesanslalt, 1886. 
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Remarks.—Though the leaf scars of Sigillarva mamullaris are variable in the propor- 
tion of their length to their breadth, it is an extremely well-characterised species. The 
gradual elevation of the leaf scar from above downwards affords a character by which it 
is distinguished from several named forms, some of which are, however, most probably 
Sigillaria mamillaris in a different state of preservation. 

Of these may be specially mentioned Sigillaria pyriformis, Brongt., which does not 
appear to differ in any essential character, except that the leaf scars are horizontal with 
the surface of the ribs—a distinction arising in all likelihood from pressure. Sigillaria 
pyriformis is therefore united here with Sigilaria mamillaris. 

Other very close allies are Sigillaria elliptica, Brongt.,* and Sigillaria notata, 
Steinhauer, sp.t 

This latter species differs chiefly in the leaf scars being of less width than the breadth 
of the ribs. STEINHAUER’S example came from the coal pits of Dunkerton, Somerset, 
which are now closed. I have, however, searched in Somerset for specimens of Sigillarie 
that could be referred to Sig. notata, Steinhauer, in shales associated with coals on the 
same horizon as that from which the original specimens came, but without success. 

The specimen of Sig. notata, figured by BrRonGNIART, came from Anzin, near Valen- 
ciennes,t and Boutay remarks Bronenzart indicates this species from Anzin. i 
have collected very well-characterised specimens of it at the pit of Petite-Sorciére, near 
Jemmapes (Belgium). This plant, which Bronentart regarded as allied to Sigillaria 
ellyptica, is more closely allied to Sigillaria mamillaris, of which it might well be only 
a condition or a fragment.” 

The question whether Sig. elliptica, Brongt., and Sig. notata, Steinhauer, sp., are 
only forms of S. mamillaris, or individual species, must therefore in the meantime 
remain open. 

Horizon :—In Blue Bind, at a depth of 533 yards. 


Sigillaria, sp. 


Horizon :—At a depth of 533 yards. 


Cyperites bicarinata, L. and H. 
Horizon :—At a depth of 533 yards. 


Stigmaria, Brongt. 
Stigmaria ficoides, Sternb., sp. 
Horizon :—At a depth of 533 yards. 


* Brongt., Hist. d. véget. foss., p. 447, pl. clii. figs, 1,2; pl. clxiii. fig. 4. 

‘+ Steinhauer, Trans. Amer. Phil. Soc., 1818, p. 294, pl. vii. fig. 3 (Phytolithus notatus). 

t Brongt., Hist. d. véget. foss., p. 449, pl. cliii. fig. 1. 

§ Boulay., Le terrain houiller du Nord de la France et ses végétaux fossiles, p. 43, Lille, 1876. 
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Cordaites, Unger. 


Cordaites, sp. 
Horizon : —At a depth of 533 yards. 


Cardiocarpus, Brongt. 
Cardiocarpus Meachemii, Kidston, n. sp., figs. 5-7. 

Description.—Seed cordate, about 13 mm. broad, 13 mm. long, base emarginate, s 
apex acute. Nucule cordate, central, with a medial line extending from the base to the > 
apex. Wing about 4 mm. broad. se 

Remarks.—Several of these little seeds are given on figs. 5-7. That at fig. 5a 
shows the outline of the seed, but the form of the nucule is not clearly defined ; 
this deficiency is supplied by the isolated nucule given at fig. 7. The margin of the 
specimen shown at fig. 6 is not distinctly exhibited in the fossil, but there is an indica- 
tion of a line surrounding the nucule, about halfway between the nucule and the margin 
of the wing. The apparent emarginate apex of fig. 5b is the result of an accidental 
splitting of the testa. 

Cardiocarpus Meachemz is closely allied to the Cardiocarpus figured by FEIstMANTEL 
as C. emarginatum, Gépp. and Berger (not Brongt.),* and differs only in its smaller size. 
My chief reason, therefore, for applying a new name to the Hamstead seeds is the 
circumstance that there is little evidence to show that the specimens figured by Ferist- 
MANTEL are similar to the Cardiocarpum emarginatum, Gépp and Berger t—in fact, 
from the imperfect nature of the figures given by these authors, it seems impossible to 
arrive at what are the true characters of their species. 

Should FEIstMANTEL’s specimens eventually prove to be specifically similar to my 
Cardiocarpus Meachemii, his fossils might be distinguished as var. major. 
I have pleasure in naming this seed after Mr F. G. MEAcHEm. 
Horizon :—In Blue Bind, at a depth of 533 yards. 


Carpolithus, Sternb. 


Carpolithus ovoideus, Gépp. and Berger, sp. 
Fig. 8. 


Rhabdocarpus (?) ovoideus, Weiss, Foss. Flora d. jiingst. Stk. u. d. Rothl., p. 206, pl. xvii.. fig. 4; pl. xviii. 
figs. 10-14, 18-21. | 

Rhabdocarpus ovoideus, Gopp. and Berger, De fructibus et seminibus, p. 22, pl. i. fig. 17. 
Rhabdocarpus ovoideus, Goppert, Fuss. Flora d. Perm. Form., p. 173, pl. xxvii. figs. 9, 10. 
Rhabdocarpus Germarianus, Goppert, Foss. Flora d. Perm. Form., p. 270, pl. lxiv. fig. 14. 
Carpolithus membranaceus, Gopp. and Berger, De fructibus et seminibus, p. 25, pl. ii. figs. 19, 20. 
Carpolithus membranacéus, Goppert, Foss. Flora d. Perm. Form., p. 178, pl. xxix. figs. 19-21. 
(?) Carpolites ellipticus, Sternb., Vers., i. fasc. 4, p. xl. pl. vii. fig. 1. 
(?) Carpolites regularis, Sternb., Vers., i. fasc. 4, p. xl. pl. vii. fig, 2. 

* Vers. d. Bohmischen Kohlenablagerungen, Abeth. ii. p. 46, pi. xx. figs. 4-6. 

t Gopp. and Berger, De fructidbus et seminibus, p. 24, pl. iii. fig. 35. 
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Description.—Small oval or elliptical seeds, sometimes almost circular from pressure 
acting in the direction of their axis; one or both extremities rounded, or more or less 
pointed. Seeds bracteate, sessile, borne in two opposite alternate rows on a spike-like 
axis. 

Remarks.—The form of these little seeds much depends on the direction in which 
pressure has acted upon them. When flattened with pressure acting at right angles to 
their axis, they are usually elliptical and pointed, as at fig. 8b, 8d; but when pressure acts 
on the apex or base of the seed, they are more or less circular, as at 8c. Between these 
two extremes are intermediate forms. The surface of the seeds generally shows foldings 
of the testa, and in some cases the seeds appear to have a narrow surrounding border ; 
but this appearance is also due to pressure. 

Horizon :—Many specimens on the surface of a small slab, of which fig. 8 gives four 
examples, from a depth of 550 yards. } 


GENERAL REMARKS. 


From an examination of the foregoing lists, it will be seen that a proportion of the 
species recorded are common to both horizons. 

Annularia stellata, Sphenophyllum emarginatum, Neuropteris ovata, Neuropteris 
Scheuchzeri, Neuropteris flecuosa, Odontopteris Lindleyana, Pecopteris arborescens, 
Pecopteris unita, Lepidodendron Worthenii, Cordaites angulosostriatus, and Walchia 
imbricata are, however, specially characteristic of British Upper Coal Measure rocks, 
though a few of these species have been observed in the Middle Coal Measures, but there 
they are much more scarce. 

The Middle Coal Measure facies of the flora, collected from the strata of that 
horizon at Hamstead, is more characterised by the absence of Upper Coal Measure 
species than by the occurrence of species restricted to the Middle Coal Measures. 
Sigillaria mamillaris is, however, a specially characteristic Middle Coal Measure 
plant. 

On the publication of lists of the fossil flora of the South Staffordshire Middle Coal 
Measures, the peculiar characteristics of the Middle Coal Measure flora will be much 
more distinctly seen. 

In comparing the list of fossils from the Upper Coal Measures of Hamstead 
with those of the Upper Coal Measures of the Radstock and Farrington series of the 
Somerset Coal Field, one cannot fail to be struck with the great similarity of their 
fossil contents. All those found at Hamstead, with the exception of Calamites 
undulatus (which may be only a form of C. Suckowii), Alethopteris decurrens (which 
18, perhaps, a variety of A. lonchitica that occurs at Radstock), Lepidophyllum 
lanceolatum, and Lepidostrobus variabilis,—all occur in the Radstock series, and the 


greater part of the species also occur in the Farrington series. From the Red Shales — 


which separate the Radstock and Farrington Series I have seen few vegetable remains, 
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but, as the Hamstead plants are found both below and above these Radstock red 
shales, it is clear that they existed during the deposition of these beds; and further, 
the few fossils which I have seen from them are similar to those of the Radstock and 
Farrington series, I therefore conclude that the Upper Coal Measure red shales that 
overlie the Middle Coal Measures at Hamstead are a northern extension of the red shales 
which form such a well-marked horizon over a considerable portion of the Somerset 
Coal Field. 

The Molluscan remains, for whose identification I am indebted to Mr Joun 
Youne, F.G.8., are of considerable interest, and bring forcibly forward some points 
in their vertical distribution which do not appear to have received the attention they 
deserve. 

Mr MeacueEo informed me that, through an accident happening to the collection, a 
number of the specimens of shells were completely destroyed, and among these was 
a Euomphalus. The species examined and identified do not, therefore, represent the 
whole fauna collected, but only those that are still preserved. 

The Mollusca identified are— 


Productus semireticulatus, Martin. 

Productus scabriculus, Martin. 

Edmondia rudis, M‘Coy. 

Schizodus, sp., allied to S. carbonarius, Portl. 
Modiola lingualis, Phill. 

Anthracosia Urei, Flem. 

Leda attenuata, Flem. 

Goniotites, sp., allied to G. excavatus, Phill. 


Leaving out of consideration those individuals which are only generically identified, 
two of the species, Modiola lingualis and Leda attenuata, have been recorded from the 
upper beds of the Calciferous Sandstone series.* P. semireticulatus, P. scabriculus, and 
Edmondia rudis are frequent in the Carboniferous Limestone series of Scotland, while 
Anthracosia Urew is usually restricted to the Lower Coal Measures. 

Any one, judging of the age of the rocks from the Molluscan remains, would, without 
doubt, class them as Lower Carboniferous, whereas they are undoubtedly of Upper Coal 
Measure age. 

This case is not an isolated one, and Mr Jonn Youne has referred to such occurrences 
in his paper entitled “‘ Notes on the Occurrence and Range of Lingula in the Carboni- 
ferous Series of the West of Scotland.”t Speaking of the apparent extinction and 
reappearance of an organism in a higher horizon, the paper concludes with the following 
remark :—‘‘ Of such changes we have evidence in several of our coal seams, formed of 
the remains of a terrestrial vegetation accumulated in swamps at or near the sea level, 
and now found to be overlaid by a great thickness of fossiliferous marine strata. But 


* Mem. Geol. Survey of Scotland, Explan. to sheet 23, Lanarkshire Central District, p. 57. 
t Trans. Geol. Soc. of Glasgow, vol. ii. p. 144. 
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wherever we find a sudden extinction of the organic life in any stratum, we are not to 
suppose that such extinction was universal. In most cases it must have been com- 
paratively local, for a total extinction would imply a new creation of the same forms in 
every succeeding stage of strata in which they are met. The most probable supposition 
is, that during all the long geological ages in which our fossiliferous strata were being 
deposited, or from the first appearance of life on our globe, there never has been, at any 
one time, a total extinction of the flora or fauna from the remote period till the present 
time ; and when we find in our Coal Measures the constant reappearance of certain well- 
known species after each local extinction, in higher and higher stages of strata in the 
same locality, we are naturally led to conclude that, while they become extinct over 
these tracts, they must have continued flourishing in other parts of our Carboniferous 
sea, and that they spread from these spots into their old localities wherever the coadition 
of the sea-bottom again became favourable to their growth and development.” In a 
letter, dated October 26, 1887, he further says:—‘‘ There can be no doubt of the 
repeated occurrence in higher and higher horizons of many of the marine and fresh 
water forms of life found in our Scottish Coal Measures. Since this paper (that quoted 
above) was printed, I have been able to trace other forms besides Lingula, that range 
from the very lowest fossiliferous marine beds up into that of the Permian Formation. 
It is, therefore, quite unsafe to take any one organism as characteristic of any special 
horizon, for closer investigation of the strata in any country is constantly proving their 
recurrence or occurrence in higher or lower beds.” 

Now, with organisms possessed with the property of locomotion, this is quite what 
may be expected. As the conditions became unfavourable for their growth and existence, 
they would remove to more suitable situations. Of course, conditions may arise which 
are unfavourable to the life of organisms that previously flourished in a given locality ; 
and should no favourable conditions arise or exist within suitable distances for migration, 
there would be a total local extinction of species, which, perhaps, might extend over 
large areas, but that such occurrences were not universal is evidenced by the repeated 
recurrence of species in higher and higher zones, separated by great masses of strata 
destitute of their remains. 

In regard to plants the case is different. They being fixed to the localities in which 
they grow, are of necessity obliged to succumb should any subsidence or unfavourable 
condition for their growth arise, and did the conditions again become favourable, de- 
scendants from the original individuals could never more return. 

Of course, similar species were no doubt flourishing in other localities, and when the 
subsided area had again been elevated into dry land, it might have been peopled with 
new individuals of the same species, and it is true that certain species again revisit the 
old haunts of their kindred, but it is only comparatively few that ever do so, and with 
them they always bring new associates. Thus the change in the flora gradually pro- 
gresses, 


It is also true that there are vast masses of rock that show little change in their flora, 
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but these are succeeded by rocks in which many of the old species have disappeared and 
new species take their place by the side of the survivors. 

This state of matters maintains throughout the whole of the Coal and fur- 
ther there does not seem to be the same complete disappearance, and then after a time a 
reappearance of the same old forms, as in the case of the Mollusca, but instead, a constant 
gradual change. ‘This gradual change is, however, so marked, that it leaves a most sure 
and certain stamp for the recognition of the comparative age of the rocks in which the 
fossils occur. This leads me to believe, and every additional experience confirms this 
opinion, that for the classification and correlation of the rocks of the Carboniferous 
Formation, the evidence derived from plants is more reliably conclusive, and less liable 
to variation, than that derived from animal remains. 

While speaking on this subject I might add further, that from the base of the Car- 
boniferous Formation to the base of the Millstone Grit, the flora has a faczes peculiar to 
that period, and of the many species of plants occurring in Lower Carboniferous rocks 
in Britain, it is very doubtful if any species pass into or above the Millstone Grit. | 
have seen slight evidence to think there may be one exception, but as far as I at present 
know, only one.* 

From the Millstone Grit, though the difference of the flora is sufficiently clearly 
defined to admit of a satisfactory threefold division of the Coal Measures, there is no 
such sudden break as occurs between the Lower and Upper Carboniferous, nor does a 
sudden break take place even at the top of the Upper Coal Measures, for several of the 
Upper Coal Measure plants pass into the Permian Formation. 

For the facilities I have had given me for examining and describing the Hamstead 
fossils, my thanks are due to Mr J. Meacuem, Manager of the Hamstead Colliery, and 
especially are they due to Mr Frep. G. Mracuem, by whom the records of the sinking 
were kept, and from whom I have received the particulars contained in the section given 
on pp. 318-19. I am also indebted for assistance to Mr H. Instry, Ashton. 

It is to be hoped that all who have similar facilities for collecting the fossils met with 
in Pit Sinkings and other mining operations, will avail themselves of these opportunities, 
as such collections as that made at the Hamstead Colliery, where the horizon of each 


specimen has been carefully noted, are of the utmost importance in working out British 
Palzontology. 


* I exclude Stigmaria, which is the root of several Lycopods, and as none of the Lower Carboniferous Lycopods 
pass into or above the Millstone Grit as far as I know, Stigmaria, being the root of any one of these Lycopods 
(Lepidodendron, Sigillaria, Lepidophloios) cannot be regaried as a true, individual species, and though these Lower 
Carboniferous Stigmaria are individually undistinguishable from the Stigmaria of the Upper Carboniferous, they 
cannot be regarded as specifically the same. 
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EXPLANATION OF PLATE (figs. 5-11). 


Fig. 5-7. Cardiocarpus Meachemit, Kidston, n. sp. From shaft of Hamstead Colliery, Great Barr, at a depth 
of 536 yards. Middle Coal Measures. Nat. size. 

Fig. 8. Carpolithus ovideus, Gopp. and Berger. From shaft of Hamstead Colliery, Great Barr, at a depth 
of 550 yards. Middle Coal Measures. Nat. size. 

Fig. 9. Walchia imbricata, Schimper. From shaft of Hamstead Colliery, Great Barr, at a depth of 350 
yards. Upper Coal Measures. Nat. size. 

Fig. 10. Sigillaria mamillaris, Brongniart. From shaft of Hamstead Colliery, Great Barr, at a depth of 
533 yards. Middle Coal Measures. Nat. size. 10a, Leaf scar x 2. 

Fig. 11. Sigillaria rentformis, Brongniart. From shaft of Hamstead Colliery, Great Barr, at a depth of 
533 yards. Middle Coal Measures. Nat. size. Illa, 11), Leaf scars x 2. 
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VII.—Eaperimental Researches in Mountain Building. By Heyry M. 
of Grange, B.Sc., F.R.S.E., H.M. Geological Survey of Scotland. 


(Read 20th February 1888.) 


PART L. 


A. On the Behaviour of Strata when thrust over an Immovable Surface. 
B. On the Origin of Thrust-Planes and “ Fan Structure.” 

C. On the Relation between Folding and Regional Metamorphism. 

D. General Summary of Results. 


Introduction. 


Among most of the geologists who had of late years been engaged in investigating the 
structure of the North-West Highlands, and especially among those who did not concur 
in Murcuison’s explanation of the phenomena exhibited there, it was a growing belief 
that great overthrusts had been largely instrumental in producing the remarkable strati- 
graphical relations of the rock masses of that region. After a most careful detailed 
examination of the ground by the Geological Survey, the existence and importance of 
such thrusts was not only placed beyond a doubt, but a variety of additional remarkable 
structures were discovered, which open up new fields of investigation to the physical 
geologist.* 

It occurred to some of my colleagues and myself, after studying these great problems 
in the field, that experiments might be made to throw light on the work by seeking to 
imitate in the laboratory the processes we believed to have been in operation in our wild 
North-West Highlands at an ancient geological period. 

With the approval of the Director-General of the Geological Survey, I accordingly 
instituted a series of experiments on these lines. They were conducted at different times 
during the last two years at Grange, in Linlithgowshire, where all the requisites for the 
work were ready to hand. 

The researches, which differed in several particulars from those of former experi- 
menters in this department, were attended with marked success. The structures obtained 
in the experiments showed a striking similiarity to those observed in the field, and as the 
results are otherwise new and important, I now submit them to the Royal Society of 
Edinburgh. 

The first part of the following paper will be devoted to a description of the principal 
experiments, and the structures to which they gave rise. As the results obtained are 
* Since this paper was read, a detailed account of the structure of the North-West Highlands has been published 


in the “ Report on the Recent Work of the Geological Survey in that region, based on the Field Notes and Maps of 


Messrs B. N, Peach, J. Horne, W. Gunn, C. T. Clough, L. Hinxman, and H. M, Cadell” (Quart. Jour, Geol. Soc., 
August 1888, pp. 378-441). 
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far-reaching in their application, not only to the mountains of Scotland, but also to the 
Alps and other systems of mountains of elevation, I shall postpone the second or theor- 
etical part of the paper till I have better studied the problems in mountain building to 
which the experiments seem to afford in some measure a solution, and confine any 
remarks on the experiments to a bare enumeration of some of the more obvious inferences 
from these results. 


DESCRIPTION OF EXPERIMENTS. 


In experimenting on the behaviour of stratified rocks when subjected to horizontal 
pressure, it has been usual to regard great rock masses as practically plastic, and to 
imitate their plications with correspondingly plastic substances. Sir JAMEs HALL, the 
father of experimental geology, describes, in an early volume of this Society’s Zransac- 
tions,* how he imitated the foldings of the Silurian strata on the Berwickshire coast by 
compressing pieces of cloth or layers of clay. Prof. A. Favre,t to whose interesting 
experiments allusion will afterwards be made, produced miniature alpine ridges with 
lamineze of fine clay, and Prof. F. Prarr{ tried the effect of horizontal pressure on layers 
of loam and papier-maché pulp. Davsrée,§$ the greatest living exponent of experimental 
geology, departed, however, from the old paths by using a prism of wax which was 
flexible within certain limits only, and snapped on the application of greater pressure, 
producing a series of little reversed faults. MELLARD READE, in his recent valuable work 
on the Origin of Mountain Ranges, describes a variety of experiments, some of which 
resembled those of Prarr’s, and yielded somewhat similar results. He used strata of clay 
with lubricated surfaces. 

When the correct interpretation of the structure of the North-West Highlands was 
arrived at, however, it soon became evident that the rocks in that area had in many cases 
behaved like brittle rigid bodies, which, instead of undergoing plication when subjected 
to horizontal compression, had snapped across and been piled together in great flat 
slices like so many cards swept into a heap on a table. 

- To imitate such phenomena, it was therefore necessary to employ materials of such a 
kind that they would, when compressed horizontally, snap and give way in definite 
directions rather than bend into folds like plastic bodies. 

The idea occurred to me that plaster of Paris, interstratified or mixed with layers of 
sand, might satisfy the requirements of the case. After several failures, this plan was 
successful. The dry stucco powder was spread in thin layers between thicker beds of 
damp sand of different colours, and in a few minutes it had absorbed enough moisture from 
the porous strata to permit of partial hydration. It “set” into hard brittle lamine, 
which usually snapped under strain, but in some instances permitted folding to take 
place. In some of the experiments black foundry loam was used, and when well damped 
_and packed together, proved an excellent material with which to imitate rock-strata, as 


* Trans. Roy. Suc. Edin,, vol. vii. p. 85. + Nature, xix. p. 103, 
t Mechanismus der Gebirgshildung, p. 23. § Géologie experimentale, p. 321. 
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it was stiff enough-to resist much bending, but not too rigid to prevent some interstitial 
movement throughout the mass. Clay was also used in some cases, usually in associa- 
tion with less plastic strata. 

The experiments were of three distinct kinds. The first series (A) was designed to 
explain the behaviour of different types and arrangements of strata when pushed 
horizontally over an immovable surface. The object of the second series (B) was to 
ascertain if possible how gently-inclined ‘“ thrust-planes” may have originated, and to 
trace their connection with “ fan structure ” and other phenomena observed in mountain 
systems of elevation. The third series (C) was conducted on principles suggested by 
the experiments of Favre, who placed layers of clay on a stretched india-rubber band, 
and on allowing it to contract, produced miniature mountain ridges by the wrinkling of 
the surface of the clay. I extended Favre's experiments by removing the upper layers of 
the wrinkled clay, and observing the effect of the contraction on the deep-seated portions 
of the miniature mountain system. 


A. Thrusting over an Immovable Surface. 


The strata were formed in a rectangular box 6 or 8 inches broad and 3 to 5 feet long. 
One end of the box was movable, and could be pushed in so as to compress longitudinally 
the strata inside. At the beginning of the experiments, the sliding end piece, which 
may be called the pressure board, was pushed in, either by hand alone, or if the force 
required were considerable, with the help of a lever. In the last and most complete 
series of experiments, the pressure was applied by means of a strong screw running in 
bearings bolted to the prolonged sole of the box. The sides could be removed at pleasure, 
when it was desired to examine the section of the distorted strata inside. The figure on 
the following page gives a general idea of the size and nature of the whole apparatus. 

In proceeding with the experiments, after the pressure board had been pushed in far 
enough to produce some marked change in the internal structure of the mass, the side of 
the box was removed, and the vertical section thus exposed was pared along the edge 
with a sharp knife, to reveal the beds clearly and remove all traces of friction with the 
wood. If the results were of interest the section was accurately sketched, traced, or in 
most cases photographed, a measuring tape having previously been attached alongside 
of the section to show the scale of the operations in feet and inches. 

If it were desired to continue the experiment, the side was replaced, and the pressure 
board pushed further in, after which the new section was cxamincd and recorded as 
before. In several of the experiments the process was repeated four or five times to 
indicate the successive steps in the formation of the ultimate structure of the mass. 

The accompanying figures, selected from some sixty drawings and photographs of the 
sections obtained in the experiments, tell their own tale, and require but little description. 
In some cases the section, although easily understood in the laboratory, is much less 
effective when seen in photographic form. In such cases, to make the meaning clear and 
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bring out the structure effectively, a diagrammatic section from the photograph itself and 
from notes made at the time it was taken is exhibited alongside. 


Experiments in Mountain Building. 


In nearly every instance the pressure was exerted from the right, and the pressure 
board is seen in the figures supporting that end of the section. The thin white streaks 
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are the edges of the plaster of Paris lamine separating thicker layers of damp sand. 
These white beds were often so hard as to offer much resistance to the paring knife, and 
great care was required to avoid tearing the material out in cakes, and leaving cavities 
between the softer sand beds. 


Fig. 1. 


In this experiment (fig. 1) the strata had a thickness of about 4 inches, and consisted 
of damp sand with three thin bands of stucco. As soon as pressure was applied, the 
material immediately in front of the pressure board began to swell up into an anticline in 
exactly the same way as Prarr’s strata of loam and papier-maché pulp were observed 
to do. The right limb of the anticline being pressed in, gradually assumed a vertical 
position parallel to the face of the pressure board. At this stage the pressure from the 
right was uniformly distributed from the crown of the arch downwards. But the 
resistance on the left was only exerted as far up as the level of the surface of the 
undisturbed strata, so that the part of the arch above this level was free to travel forwards. 
It did so for a short space, and produced the monocline at the top of the section. Had 
the upper strata been more rigid, they would not have become bent into such a form, but 
would have snapped at once, and formed a reversed fault, as has indeed been done in the 
thin bed immediately at the surface. It was, however, impossible for the upper part of 
the anticline to move far forward with an increase of pressure from the right, since all 
particles in the same vertical plane were subjected to equal pressure from that quarter. 
In the lower part of the section, the horizontal pressure from the right was met by the 
horizontal longitudinal resistance of the strata combined with the vertical statical 
resistance of the sole, so that the resultant force tended to shear the strata obliquely 
along a series of planes inclined towards the right. The stiffness of the beds now came 
into play, and prevented this shearing strain from being distributed throughout the 
mass. Instead of this, the brittle strata snapped at one point, and all the movement was 
concentrated along the line of weakness thus produced. The whole mass above this thrust- 
plane moved obliquely upwards and forwards, and all interstitial movement ceased. 
The thrust-plane or reversed fault did not start directly from the bottom of the 
pressure board, but met the fixed sole a short distance in advance. As soon, how- 
ever, as the front of the pressure board reached the point of the wedge of undisturbed 
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strata below the fault plane, the shearing ceased, and the forward motion was temporarily 
arrested. The photograph taken at this stage is reproduced in fig. 1. 


Fig. 2. Fig. 2a. 


A new mass of strata was now brought under the influence of the pressure. In this 
case the beds were subjected to a certain amount of vertical pressure due to the heaping 
up of the strata on the slope of the wedge, in addition to the horizontal thrust from the 
right. The resultant shear plane might therefore be expected to meet the fixed sole at a 
slightly lower angle than before. An inspection of fig. 2 will show that this has been 
the case. The upper reversed fault is slightly steeper than the lower. Much importance 
is, however, not to be attached to this difference in hade, as the weight of the piled-up strata 
in such experiments is small in comparison with the horizontal force, and slight differences 
in the hade of successive reversed faults might be due to other causes. Fig. 2a is a dia- 
erammatic representation of fig. 2, which is not very clear. 


Fig. 3. Fig. 3a. 


In this case (fig. 3) the depth of strata was only 1? inches. The breadth was 8 inches, 
and the section was pressed in from an original length of 44 inches to a space of 15 inches. 
The same process went on here as in last experiment, but the cumulative effect is better dis- 
played. A small overfold produced at the beginning of the experiment may be seen at the 
top of the section, but afterwards the strata underwent a process of piling up in separate 
slices by slightly-inclined reversed faults. The back part of the accumulating mass 
slipped vertically up the face of the pressure board as each new wedge was driven under 
the base of the slope in front. Fig. 3a is a diagrammatic representation of this structure. 

These structures are almost identical in character with the structures found in advance 
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of the great thrust-planes in Sutherland, where a similar process of heaping up of 
Silurian quartzites, shales, and limestones has at places given these strata an abnormally 
thick appearance, which, before the discovery of the thrust-planes, was quite inexplicable. 
For this arrangement of strata 1 would propose the name of “ wedge structure.” 


These strata (fig. 4) had originally a length of 44 feet and a depth of 44 inches. ‘The 
brittle beds are near the bottom of the section, while the upper layers consist of damp 
sand, whose particles could undergo some interstitial movement, and thus allow it to 
behave like a partially plastic body. On compressing the end 8 inches, the surface was 
observed to swell up in front of the pressure board. To all outward appearance, the 
result did not differ from that obtained in the experiments of Prarr already alluded to, 
and figured in his Mechanismus der Gebirgsbildung, p. 23. In examining the section, 
however, the brittle beds below were seen to have snapped as in former experiments, and 
given way along a single shear plane, without any folding. Towards the surface this line 
of shear is seen to split up, till the movement, which was confined to one plane below, 
has become so distributed throughout the mass that the underlying thrust-plane is lost 
ina great fold above, and never appears at the surface. The main point of interest here 
is the passage of a fault below into an anticlinal fold at the surface of the ground. 


— 


On continuing the push 4 inches farther, the anticline was slightly compressed, and 


‘ second reversed fault was started in advance of the first (fig. 5), just as was observed to 
take place in figs. 1 and 2. 
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The strata hitherto subjected to thrusting were horizontal, but to ascertain if the same 
system of reversed faulting could originate with beds at different inclinations, I arranged 


\ 


Fig. 6. Fig. 7. 


a series of beds dipping away from the pressure board (fig. 6). The structure produced 
differed in no respect from that exhibited in fig. 3. The inclined shear planes can be 
readily traced crossing the inclined beds nearly at right angles. The figure is reduced 
from an accurate tracing of the section obtained. 

In fig. 7 the beds dip towards the pressure board, and the thrust-planes run in direc- 
tions nearly parallel to those of the bedding planes, and have the effect of “staving” the 
strata together in such a way as to increase their apparent thickness. On the right the 
ends of the beds next the pressure board show a tendency to become drawn out at 
the expense of their breadth. The attenuated strata take a wavy form as they are 
crushed in and made to assume a steeper inclination than when undisturbed. These 
little undulations are also seen on the right limb of the anticline in fig. 4, and originate 
as soon as the strata next the pressure board begin to roll backwards and approach 
verticality. The tendency of each wave is to break and pass into a small normal fault, 
as seen in this figure and in fig. 12 below. 


Fig. 8. 


A syncline was formed in the box, and the edges were covered unconformably by beds 
of sand. On applying pressure, the thrust-planes cut both sets of strata indiscriminately 
as in previous cases (fig. 8). 

These experiments, relating to different arrangements of strata of the same rather 
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brittle consistency, evidently prove that (1) horizontal pressure applied at one end of 
the section does not throw the mass into folds from end to end, but only influences the 


Fig. 9. 


Fig. 10. 


Fig. 11. 


strata a short distancé in advance of the compressing surface ; (2) the pressure prefers 
to find relief in a series of gently inclined thrust-planes, whose direction of inclination 
VOL, XXXV, PART 7. | 31 
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depends on the direction of pressure, and is practicably independent of the direction of 
dip of the beds. © 

A bed of soft tenacious clay (figs. 9-11) was arranged below brittle strata of damp 
sand mixed with a little stucco powder, and a bed of black foundry loam well packed 
together. The object of the experiment was to test the behaviour of brittle beds on a 
thoroughly plastic base when compressed longitudinally. The three figures show the 
structure atas many different stages of compression. The result is certainly surprising, 
as in each case the plastic clay, as well as the stiffer beds above, has undergone faulting. 
It is to be observed, that as the compression proceeds the thrust-strata on the left of 
the anticline bow forward, and tend to approach verticality, while the thrust-planes 
originally inclined to the right are bent over to the left also. The experiment also 
shows how folds are built up of interstitial displacements which may at places become 
divided out along a few lines. At each stage, when the section was examined, about 
an inch was pared off the edge, so that each figure shows the section a short distance 
further along the strike of the beds than in the preceding figure. In fig. 10, the left 
limb of the anticline is built up of many small distinct thrust-planes; but in fig. 11 the 
same member is shown as a single curve, proving that folding may pass into faulting 
a short distance along the strike of the distorted strata. 


Fig. 12. 


In fig. 12 the tendency of the thrust-planes and beds to bow forward on advancing 
is well exhibited. This is due to the resistance in front caused by friction below, 
coupled with the staving together of the materials in more immediate proximity to the 
pressure board. There is, in short, evidence of a continued attempt at the formation of 
an anticline just in front of the region of maximum pressure. As in former experiments, 
the beds on the right limb of the incipient fold are attenuated very considerably, and 
show the wavy faulted structure already alluded to. The bending down of the thrust 
beds on the left, it need scarcely be said, is thus a deceptive appearance, as the front 
has remained quite stationary, while it is the back portion which has been wedged wp. 

In all the experiments of this series there was a tendency on the part of the 
pressure board to rise and move obliquely forwards and upwards as the heaping up 

_ progressed. In next experiment, instead of holding the pressure board in a constrained 
vertical position, with its lower end against the fixed sole, a cushion of sand was 
substituted for it, and the push applied behind. The result, as was anticipated, showed 
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the whole mass to rise and glide forward over the lower and less disturbed beds along 
a mayor thrust-plane, inclined at a very slight angle to the horizon. During the forward 


Fig. 13. 


movement the friction tended to retard the front more than the back of the advancing 
mass, and make the inclination of the thrust parts of the section still greater. Had the 
experiment been continued, the originally horizontal parts of the thrust mass would no 
doubt have reached verticality, and then begun to bend in towards the major thrust- 
plane below, just as the fingers of an outstretched hand, when pushed along a table, tend 
to turn in and fold back on the palm.* Figs. 12 and 13 are taken from photographs. 


Fig. 14. 


Fig. 14 is a sketch of a very characteristic section which was not photographed. 
Atter continued piling up, such as is shown in fig. 3, the heap of strata rose and slid 
forward over a major thrust-plane, against which the smaller thrusts are all truncated. 
It is obvious that beds repeated in this way in nature, without inversion or folding, might 
come to have an appearance of enormous thickness, and thus greatly mislead the field 
geologist. It might indeed be almost impossible to arrive at a correct conclusion as to the 
thickness of such a formation, were the underlying major thrust concealed, and nothing 
but the edges of the upper beds exposed to view. This structure is now known to be 
of common occurrence in the North-West Highlands, and these experiments show clearly 
on what mechanical principles many of the extraordinary and remarkably deceptive 
relationships of the rocks of that region may be explained. This experiment shows that 
underneath a series of beds, repeated and heaped together by small thrusts, inclined 
perhaps at considerable angles, there runs in the majority of cases a major thrust or 


* This has often taken place i in nature. See sections through E oer n More, Assynt, &e., figs. 15, 16, 17; Quart. Jour. 
Geol. Soc., 1888, pp. 421, 423, . . x: 
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“sole,” inclined at a lower angle, along which the whole mass may have travelled for 
considerable distances. | 

It is almost unnecessary to say that the existence of such major and minor thrusts 
has only been discovered within the last three years by the Geological Survey. But [| 
have no doubt that, when other mountain systems come to be examined in the light of 
the researches by my colleagues and myself in the North-West Highlands, and in the 
laboratory, these structures will prove to be of common occurrence.* 


B. Origin of “ Thrust-Planes” and “ Fan Structure.” 


It had been my belief that the great thrusts of the west Sutherland area, the effects 
of which have just been noted, must be connected with deep-seated folds, due to lateral 
compression of this part of the earth’s crust. Although there were no distinct traces of 
such folds to be seen on the surface, it seemed impossible that the great thrust-planes 
could be prolonged indefinitely downwards, at the same low inclination as they 
exhibited wherever exposed, and the only reasonable explanation of their origin that 
suggested itself was this, that each major thrust at a certain depth changed its angle, 
and bending downwards gradually disappeared, the break in the strata being finally 
represented by a single great deep-seated synclinal fold. 

To produce folding below, and study its results at the surface, the strata were arranged 
on a flexible and inextensible band of stout waxcloth about 3 feet long and 7 inches 
broad, the extremities of which were nailed to blocks of wood, which took the part of the 
pressure board in former experiments, The waxcloth and end pieces were laid between 
the high sides of the box used before. The left end piece was fixed to the sole of the 
box, and the screw was applied to the right end piece’'in such a way as to throw the 
waxcloth into a series of undulations or folds, shown in figs. 15-17. 


Fig. 15. 


A layer of tenacious clay was formed on the waxcloth, above which were spread 
strata of damp sand, stucco, and foundry loam. When pressure was applied from the 


* Compare fig. 14 with the horizontal sections in the Survey Report, loc. cit. 
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right, the waxcloth buckled up into an anticline a short distance from the end. While 
the underlying clay bent round conformably with the pliable sole, the more brittle beds 
above behaved exactly as in former experiments, and gave way along a slightly inclined 
reversed fault, the right portion being thrust for some distance horizontally over the left. 


Fig. 16. 


This experiment confirmed my theory, and clearly showed on what mechanical principles 
it is possible for a horizontal thrust to bend down and pass into an ordinary fold below. 


Fig. 17a. 
: On continuing the push, the anticline was further compressed, and the pressure being 
Increasingly felt on the left limb of the fold, a second anticline (fig. 16) appeared on that 


- 


| 
as 
| 
| 
- 
Fig. 17. 
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side of the section. As in the former case, the brittle beds at the surface showed signs 
of giving way without folding. 

All the strata to the right of the new fold were now in motion, and movement 
along the first thrust-plane: ceased. The pressure found relief along the second thrust 
only, and the anticline beneath was squeezed together till the sides nearly met (fig. 17). 
Had the waxcloth been longer, a third anticline would have arisen in advance of 
No. 2, and so on for others, each giving rise to a thrust at the surface of the section. 
This I conceive may explain how thrust-planes are found across great stretches of 
country, all lying at the same angle and dipping in the same general direction. 


In this experiment (fig. 18) the beds were of sand, with brittle stucco lamin between. 
The waxcloth was compréssed from both sides equally, but to prevent complications, 
three small anticlines were started by wedging it up at the centre and near the sides. 
The section is interesting, as showing clearly the anatomy, so to speak, of the structure. 
The fold at the right shows the beds becoming increasingly curved from below upwards, 
till they have no longer been able to bear the strain, but have snapped, and as before 
found relief along a thrust-plane. It is to be noted that the upper beds underwent thrust- 
ing simultaneously with the folding below. According to Prof. A. Hrrm’s well-known 
theory, that reversed faults are produced by monoclinal folds giving way along the 
middle limb, we should have expected to find traces of a fold having first been formed 
not only below, but all along the line of shear. These and former experiments show that 
HeEtm’s theory, which is no doubt true in many cases, is by no means of universal appli- 
cation. Thrust faults may originate at once, without passing through an initial stage of 
overfolding. 

The section is also interesting as showing how one thrust-plane may overlap 
another running in the opposite direction. In the right half of the section, two thrusts 
are seen overlapping in this way, so as to repeat the upper dark layer three times in the 
same vertical line. 

Figs. 19-22a show the results of experiments designed to imitate the type of 
mountain building found at many parts of the Alps, and known as “ fan structure.” 

As a symmetrical section was desired, the strata on the waxcloth, which consisted of 
sand and stucco laminz, were slightly raised in the centre. When pressure was applied, 
this arch rose up into a single anticlinal-fold. As the side pressure was continued, the 
limbs of the anticline were squeezed together till the beds. slightly passed the vertical, 
and began to dip inwards at high angles, éxhibiting) the’ desired’ fan-like arrangement. 


4a 
Fig. 18, 
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The horizontal thrust, however, caused the upper part of the folded strata to snap at 


» *4 


Fig. 20a. 


- 


Fig 19 | 
Fig. 19a. | 
the right side, as was to be expected after former experiments. Had there been a screw 
| 
Fig. 20. 
| 
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at both sides, the structure would have been quite symmetrical. In another experiment a 
perfectly symmetrical section was obtained. On each side the beds snapped, and a pair 
of thrust-planes were produced, which buried themselves in the monoclinal folds of which 
the whole fold is composed. 

After the limbs of the central anticline had been compressed till they met, a pair of 
smaller arches were started by wedging up the waxcloth at either side. The central fold 
was, on the application of the screw, squeezed upwards, and the beds becoming more 
compressed exhibited the fan structure more conspicuously (figs. 20 and 20a). 


Fig. 21. 


On continuing the pressure, the three folds were still further compressed, and the 
core of the central anticline was drawn upwards and considerably attenuated. A pair of 
thrust-planes were formed on each side, and the beds forming the haunch of the main 
arch were forced inwards above the lines of shear, so as to dip in an inverted position 
towards the axis of the fold (fig. 21). 


At this last stage of compression the development of a second and Jarger fan out- 
side the first is clearly seen (fig. 22). Along the outer limbs of each of the folds the 


- 
» 
Fig. 22. 
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lower portions of the strata are drawn out in a highly attenuated form, and dip inwards 
as in last experiment. At these places thrust-planes tend to originate above, and 


Fig. 22a. 


three such faults have been formed on the left side. The thrust-plane on the right, 
formed at an earlier stage, has disappeared, as the section has now been so pared away 
that the front is several inches farther along the strike than at the start. The thrust in 
question did not extend more than one or two inches inwards along the strike, and gave 
place to the overfold now exposed. The compression has been so great that the bed 
immediately resting on the waxcloth has been nearly nipped out altogether at the crest 
of the central fold. Now it is clear, that when strata or rocks of any kind are thus 
squeezed together and drawn out in a particular direction, the original character of the 
rock will become changed. If the distortion be small, the alteration may not be at first 
noticeable, but when, as in the figure, the thickness of any member is notably diminished, 
and its particles forced to flow along certain planes for any considerable distance, just as 
the puddle bar in a rolling-mill is rolled out to a great length and attenuated to a corres- 
ponding extent, it is clear, that as the particles of the iron, when in a pasty condition, 
are thus made to arrange themselves along the flow lines, and give the wrought bars a 
fibrous structure, so in the rock the particles assume a new arrangement along the planes 
of movement, and produce a foliated or schistose structure in the mass. In this minia- 
ture mountain system, the particles in the bed next the waxcloth have al] been made to 
flow upwards to such an extent that, had the mountains been real ones, they would have 
exhibited vertical schistosity at the core. I would here throw out the suggestion that 
this experiment may explain how it is so common to find a core of foliated rock in 
many of the larger alpine masses, the original crests of which have been removed by 
denudation. I hope to repeat this experiment, and endeavour to obtain still better 
results, as the subject is one of great importance ; and in the second part of the paper I 
hope to discuss at greater length the physical problems on which it has a bearing. 


C. On the Relation between Folding and Regional Metamorphism. 


These experiments are merely modifications of the interesting experiments of Prof. 
A. Favre of Geneva. 
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A band of the most elastic quality of india-rubber, 7 inches broad and a quarter of an 
inch thick, was grasped at the ends between vertical pieces of wood bolted together. The 
left end of the band was fixed to the sole of the box in which former experiments were 
arranged. The pair of bolts on the right projected through the wood, and passed through 
an iron plate fixed about an inch from the outer face of the block, as shown in the figures. 
In the centre of the plate, between the bolts, a hole was drilled large enough to admit the 
free end of the screw-shaft. This end of the shaft was fitted with a collar, which worked 
against the inside face of the plate, and prevented the shaft being drawn through, but 
permitted of its free rotation in the hole. The other end of the screw remained in iis old 
hearings attached to the sides and bottom of the box. By turning the screw in a left- 
handed direction the elastic band could thus be stretched through any desired distance. 


The part of the elastic band measuring 2 feet between the blocks was stretched to a 
length of 3 feet. In Favre's experiments the sheet of caoutchouc was extended in the 
same proportion. A layer of very tenacious clay was then plastered over the roughish 
surface of the elastic band and covered with a sheet of brown paper. A second and 
thicker clay bed of a “shorter” and stronger consistency was lastly laid over the 
paper. The depth of the whole section was about 14 inch. 

On slacking the screw and allowing the elastic band to contract to its original length, 
the upper bed of clay above the brown paper was observed to swell up into little waves, 
just as the surface of the clay in Favrz’s experiments was observed tu do. These are 
well shown in fig. 23. 


Fig. 23. 
Fig. 24. 
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On the suggestion of my colleague Mr B. N. Peacu, who helped to carry out this last 
series of experiments, the upper folded clay bed was stripped off, and the surface of the 
lower bed laid bare. It was found covered with a series of minute sharp corrugations 
transverse to the direction of movement and parallel to the main ridges above (fig. 24). 


Fig. 25. 


A similar experiment was made with somewhat thicker strata, but instead of all the 
beds being plastic, the upper layers were of brittle materials like those used in the first 
and second series of experiments. On permitting contraction to take place, the upper 
brittle beds broke into cakes, which were at places thrust over one another for short 
distances (fig. 25). 


Fig. 26. 


On removing the upper strata, the tenacious bed adhering to the caoutchouc was found 
as before covered with minute corrugations (fig. 26). 

On stretching the band slightly, the corrugations were not. flattened out, but the clay 
split along a series of vertical cracks, parallel to the minute puckerings on its surface. 
The sides of these little fissures were observed to be covered with minute vertical striations. 
and had the appearance of slicken-sided faults, along which vertical movement had taken 
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place. In this case the horizontal pressure being uniformly exerted from particle to 
particle along the band, and not at one point as in former experiments, had produced a 


Fig. 27. 


general “ staving together” throughout the mass, causing the particles to move upwards 
along vertical planes transverse to the line of greatest pressure (fig. 27). 

In this experiment we have a possible explanation of the origin of great areas of 
vertically cleaved rock known to exist at the roots of old mountain systems. The bed 
below has undergone what appears to be cleavage, while that at the surface has been 
thrown into folds without any considerable interstitial movement. 

If the folded surface of the clay be taken to represent the waxcloth in series B, the 
theory of a uniformly contracting sole might explain not only regional metamorphism, 
but the phenomena of fan structure, thrusting, and wedge structure as well. 


D. General Summary of Results. 


1. Horizontal pressure applied at one point is not propagated far forward into a mass 
of strata. 

2. The compressed mass tends to find relief along a series of gently-inclined “ thrust- 
planes,” which dip towards the side from which pressure is exerted. 

3. After a certain amount of heaping up along a series of minor thrust-planes, the 
heaped-up mass tends to rise and ride forward bodily along major thrust-planes. 

4. Thrust-planes and reversed faults are not necessarily developed from split overfolds, 
but often originate at once on application of horizontal pressure. 

5. A thrust-plane below may pass into an anticline above, and never reach the surface. 

6. A major thrust-plane above may, and probably always does, originate in a fold 
below. 


7. A thrust-plane may branch into smaller thrust-planes, or pass into an overfold along 
the strike. 


8. The front portion of a mass of rock being pushed along a thrust-plane tends to bow 
forward and roll under the back portion. 


| 
% 
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9. The more rigid the rock the better will the phenomenon of thrusting be exhibited. 

10. Fan structure may be produced by the continued compression of a simple anticline. 

11. Thrust-planes have a strong tendency to originate at the sides of the fan. 

12. The same movement which produces the fan renders its core schistose. 

13. The theory of a uniformly contracting substratum explains the cleavage often found 
in the deeper parts of a mountain system, the upper portion of which is simply plicated. 

14. This theory may also explain the origin of fan structure, thrusting, and its 
accompanying phenomena, including wedge structure. a 
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VIII.—Histological Observations on the Muscular Fibre and Connective Tissue of 


the Uterus during Pregnancy and the Puerperium. By T. Arruur HELME, 
M.B. (With a Plate.) 


(Read 9th July 1888.) 


The study of a normal process in an organ so especially prone to: disease as is the 
human uterus, is beset with many difficulties; so many foreign conditions are apt to be 
present, giving a false impression as to what this process really is. That this is the case 
to no small degree, when the character of. the changes which occur in the normal involu- 
tion of the uterus after child-birth is the subject of observation, is shown by the variety 
of opinions held and stated by doubtlessly competent observers ; for while one holds that 
the muscle undergoes a fatty degeneration, another holds that no such fatty change 
occurs ; while one asserts that only a certain number of the fibres degenerate and 
disappear, another states that so complete is the destruction, that not one single fibre 
present in the uterus before birth survives the process ; while another goes to the extent 
of saying, that the puerperal uterus can in no way be distinguished from a uterus that 
has undergone an inflammatory process.* | 

These differences of opinion are probably due to the facts that the organs studied 
did not exhibit the normal process, this being masked by the presence of other foreign 
conditions, and partly that the methods of research were not complete. For the follow- 
ing various reasons then, have I thought it advisable to observe this process of normal 
involution first in the rabbit. For owing to the fortunate rarity of maternal deaths, one 
has little chance of obtaining uteri representing the various post-partum stages (and still 
less those of pregnancy), and even when obtained, these uteri are not those of women 
undergoing a normal puerperium ; on the contrary, the normal changes in the uterus are 
materially interfered with by the presence of some important process (most frequently 
some form of puerperal fever, septic or other) which causes the patient’s death. 
Further, human uteri are obtainable only after several hours have elapsed since the organ 
ceased to live, and consequently many important features can in no way be recognised, 
¢.g., the proliferation of cells by the process known as karyokinesis. Again, the uteri 
are generally those of multiparous women, the great majority of whom, owing to their 
surroundings and work, are peculiarly subject to chronic uterine affections, the most 
frequent of all being a chronic condition of “ subinvolution.” As a result, one is apt to 
fall into many errors, and mistake the appearances due to earlier disease for those of a 
normal involution. To avoid such sources of fallacy, I have taken the uteri of rabbits 
which had been previously healthy, and were pregnant for the first time. They were 


* ScHRapDER, SCHWANGERSCHAFT, GEBURT, and WOcHENBETT, 1867, s. 174. 
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killed at various stages, from one to thirty-six days after parturition. The uterus was 
removed while the circulation was still going on. It was then immediately divided into 
pieces of suitable size, and plunged into one of the following fluids :— 


1. Saturated solution of picric acid. 

2. Solution of chromic acid,—4 per cent. 

3. Solution of osmic acid,—4 to 1 per cent. 
4. Miiller’s fluid. 

5. Absolute alcohol. 


Similarly, uteri of rabbits at various stages of pregnancy, the uterus of a virgin 
rabbit, and that of a rabbit which had not borne for several months, were taken and 
treated in a like manner. 

I have divided this paper into two parts—in the first, giving a resumé of the general 
literature showing our present position in regard to the changes in the human uterus and 
that of lower animals ; and in the second, dealing with the rabbit and recording the facts 
observed and conclusions come to by myself. I first give the general literature including 
that of the human uterus, for a twofold object—first, to make clearer the points to which 
I have directed my attention in the rabbit’s uterus, and to contrast the process that 
occurs in the rabbit with that said to occur in the human subject; and secondly, to 
anticipate my own work, as yet incomplete on the same subject. 


PART I. 


LITERATURE OF THE CHANGES IN THE HumMAN UTERUS AND THAT OF ANIMALS 
DURING PREGNANCY AND THE PUERPERIUM. 


In reviewing the literature, it is convenient to consider separately the human 
uterus and that of animals, and under each to take up (1) pregnancy, (2) the puerperium. 


I, Toe Human UTeErvs. 

A. Pregnancy. 

1. Muscular Tissue.—The changes that take place in the uterine musculature and 
connective tissue during pregnancy have, considering the importance of the subject, 
received very meagre attention. Few observations are recorded, and these many years 
ago. | 
KOLLIKER asserts that the increase in size of the uterus is due to an increase of all 
its constituent elements, the process in the musculature being two-fold, namely, 


a. A new formation of muscle cells. 
b. A hypertrophy of existing cells. 
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During the early months, these two processes go on side by side; after the fifth 
month the second process only is to be found.* 

These conclusions were based upon the examination of two uteri, one at the fifth 
month of pregnancy, and one at the second half of the sixth month, the muscle fibres 
of which are carefully described. 

The new muscle fibres are developed from small formative cells.t 

Rosin, so far as I have read, is the only observer who states the case differently. 
He describes only a single formative process, namely, the hypertrophy of pre-existing 
cells Ihave been unable to obtain his original articles, which I believe appeared in 
the Arch. gen. de Med., 1848, 1858, and 1861. 

Most of the text-books (PLayrarr, Lusk, Scura@per, Quain, RuTHERForD, &c.) 
teach KOLLIKER’S views. 

ScHAFER, in Quain’s Anatomy, describes the increase by hypertrophy of existing 
cells, cautiously adding,—“ It is said also by development of new muscular fibres.”§ 

As to the origin of these new fibres most authors are silent, others adopt KOLLIKER’s 
view, while RuTHERFORD points out that their “ origin has yet to be made out.”|| 

2. Connective Tisswe.—As to the connective tissue, little has been written ; all agree 
that it, along with the vessels, undergoes a great increase corresponding to and simul- 
taneous with that of the musculature.{ 

Lately, Mroxa has stated that, towards the end of pregnancy, he finds a marked 
cellular development in the connective tissue, the cells remaining during pregnancy in 
embryonal form.** | | 
B. Puerperium. 

1, Muscular Tissue.—The earliest allusion to the state of the muscle fibres of the 
uterus post partum that I can find, is one by KOLLIKER (in 1849), who describes their 
rapid diminution in length, along with the presence of fat granules. He does not give 
an account of the puerperal changes, but merely describes one uterus three days after 
labour.tt 

The next observations were those of Hescut (in 1852), who described a total 
destruction and reconstruction of the entire uterus. He based his conclusions on the 
examination of a uterus, the description of which proves undoubtedly that it was a 
pathological specimen, as he states that “the peritoneal investment is covered, two days 

* K6tirKer, Mikroskopische Anatomie, 1854, Zweiter Band, Zweite hiilfte, s. 448-9; also in 4th edition, 1863, 

Zool, 840, Bester Bend, 72 

T Dict. Eneycl. de. Med., 1876, 2™ série, vol. x. p. 537. 

§ Quain’s Anatomy, 1882, 9th ed., vol. ii. p. 135. 

| Rurnerrorp, Text-Book of Physiology, vol. i. p. 135. . 

‘T KoutrKer, Anatomie, s. 449 (Connective Tissue) ; 8. 455 (Veins and Arteries). 

** Cent, f. Gynec., No. 1, 1885, Jan. 3, from Jl Morgagni, 1884. 

+t “ Beitriige zur Kentniss der glatten Muskeln, von. A. KOLLIKER,” Zeit. f. Wissen. Zool., Erster Band, 1849, s. 73. 
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after birth, with small saneetons from which, later, result the adhesions of the uterus 
to the neighbouring organs.”* 

K6..iker, in his Mikros. Anatomie (1854), states that his observations on the human 
uterus agree with KILian’s observations on the Mammalia during pregnancy, but differ 
on the post-partum changes. KOLLIKER here states that he finds fatty metamorphosis, 
but that there is not a total destruction of the uterus ; on the contrary, the great majority 
of fibres are not destroyed, but last through more than one pregnancy.”t 

Rosrn holds that there is no destruction of fibres, merely diminution, and return to 
their original state ; he further denies the fatty metamorphosis, and describes the process 
as a simple atrophy. 

LuscHKA, in his Anatomie, speaks of the muscle cells being “ restored to their original 
size.” This involution process being accompanied by an appearance of fat in the cells. 
He gives no ground for his opinion, merely states it without giving any description of 
material examined on which he bases this statement, which differs from all preceding. § 

After this there seems to have been a lull in the observations on this subject, for it 
is not till 1885 that one finds another paper. MkoLa advances a new theory, 
comparing the process to a cirrhosis; rapid growth of connective tissue in the early 
days of the puerperium compressing the muscle cells, which diminish by a process of 
granular atrophy. I have been unable to see Mxoa’s original article, of which an 
abstract appeared in the Cent. f. Gyn.|| 

Lately, since I began to work at the subject, two papers have appeared, one in Germany 
and one in France. The former by SANGER of Leipsic, who describes the development 
of fat within the muscle cells (“No fat débris is found outside the muscle cells”), but 
there is no destruction of fibres, merely a return to normal.{ The last paper is by Mayor, 
in December 1887, who gives a full account of the specimens examined, with the cause 
of death of the patient. He describes the appearance of very fine fat granules—so fine 
are they in the sketches he has published as to be scarcely recognisable—but denies 
the destruction of any fibres.** 

Lastly, 1 may mention a paper by Benexkg, in which he describes the finding of a 
hyaline degeneration of fibres in the puerperal uterus. As a result of his experiments 
with smooth muscle of various organs of animals, he concludes that this hyaline degenera- 
tion is an artificial post-mortem production.tt 

2. Connective Tisswe.—The general opinion seems to be that the connective tissue is 
reduced in a degree corresponding with that of the musculature, but the process is not 

* “ Untersuchungen iiber das Verhalten des menschlichen Uterus nach der Geburt,” von Dr Hescut, Zeit. der Kais. 
kon. Gesellschaft. der Aerzte 2u Wien, Achter Jahrgang, 1852, Bd. ii, 8, 228, &. 

+ K6LLIKER, Mikroskopische Anatomie, s. 452. 

} Diet. Encyc. de Med., Art. “ Musculaire,” 1876, 2me série, vol. x. pp. 537, 541. 

§ Luscuka, Die Anatomie des Menschen, 1864, 2 Bd. 2 Abtheilung, s. 365. 

|| Cent. f. Gyn., No. 1, 1885, Jan. 3; and Il Morgagni, 1884. 

I Beitrige zur Path. Anat. und Klin. Med., Leipzig, 1888. 


** Arch. de Physiologie Normale et Pathol., No. 8, 15th Nov. 1887, p. 568, &c., Troisitme série, tome dixitme, 1887. 
tt Benexg, “Zur Lehre von der hyalinen Degen. der glatten Muskelfasern,” Virch. Arch., Bd. IC. Heft 1, s. 71. 
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described. The three most important and definite statements are those by SANGER, 
Meora, and Mayor, each being directly opposed to the other. SAneER holds that the 
connective tissue undergoes an involution gradually diminishing without the appearance 
of fat, and playing an entirely passive part. 

MEoLA, on the other hand, ascribes a very active and important rdle to the connective 
tissue, which, instead of degenerating, advances from an embryonic state to one of 
complete development, the cells becoming fully formed fibrous tissue. 

Mayor, again, holds that the connective tissue cells become loaded with fat, which 
afterwards disappears, the cells acting as reservoirs, taking up the fat, and passing it on 
gradually into the circulation, from which again, he suggests, it is stored up in the 
connective tissue cells of the body, these being transformed into fat cells. 

With regard to the post-partum changes in the vessels, a large amount has been 
written on those of the placental site, while little attention has been paid to the state of 
the vessels of the general uterine wall. Bain, however, has described a process of | 
proliferation of the endothelium of the intima occurring in the vessels (other than those 
of the placental site).* 


Il. Urerus or THE Rassit. 


Very little has been written on this subject. I can find only two works ; the first is 
that of Kit1an, who published his researches in 1849. He describes the increase of the 
musculature during pregnancy as due to a two-fold process—namely, hypertrophy of pre- 
existing cells, and development of new cells from flat rounded cells with round nuclei.t 

I should not like to pass on to the description of my own work without drawing 
attention to one or two points which occur in the passages above referred to. 

In the first place, Krt1an’s methods appear to have been very primitive ; indeed, the 
only methods he used were the following :—First, to tease up the fresh specimen, then to 
add acetic acid ; if during the first examination he found granules which did not disappear 
during the second, he concluded these granules were of a fatty nature. His other method 
was first to dry the preparation, then soften it again with water, and finally to add acetic 
acid. Now with regard to this method of teasing the fresh preparation, unless it be done 
very carefully, so as absolutely to isolate each muscle cell, one does find that the muscle 
cells appear granular, but this is because the exceedingly granular intercellular substance 
adheres to the outside of the fibres. Further, during the process of teasing, one must 
necessarily liberate fat granules present in any other tissue, and these are normally 
present, as is well known, in peritoneal cells; and I have also found them, as described, 
in the subperitoneal connective tissue cells, so that it is quite possible for fat granules 
liberated from other tissues to float into and adhere to the muscle cells. This method 

* Batty, Archiv f. Gyn., xv. ; also FRIEDLANDER, Physiologisch-anatomische Untersuchungen tiber den Uterus, 1870; 


Arch, f. Gyn., xii; Patenko, Arch. f. Gyn., xiv. 8 422. 


t“ Die Structur des Uterus bei Thieren,” von Dr F. M. K1uiax, Zeitschrift fiir rationelle Medicin, Band ix. Heft 1, 
1846 ; 8. 9, 15, 32, 33-35, 40-41. 
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then is insufficient to prove the existence of fat granules in the muscle cells. We require 
to have the tissues fixed, and also the assistance of osmic acid. 

KILIAN assumes that, during pregnancy, new muscle cells are developed on the solitary 
basis, that he found fibres of varying size; but during pregnancy the connective tissue 
is so greatly developed, that its cells are apt to be taken for young muscle cells. The 
nuclear movements known as karyokinesis were unknown in his day. 

With regard to the theory of involution, which he caricatures, it seems at first sight 
to resemble the description of the process which I shall have to offer, but I must point 
out that this theory, out of which Kittan derives so much amusement, is a purely 
mechanical one, the fibres being compared to sponges, as it were, which suck up the 
‘juices during pregnancy, afterwards squeezing them out again. This looks like a 
| veritable “ man of straw” specially built by Kiz1an for the purpose of having something 
to destroy. He bases this theory of his on “the most superficial investigation ;” the 
description I shall later give is, on the contrary, based on very careful and even prolonged 
investigation, not on the examination of two uteri, but of a dozen or more. 

A second research has been lately carried out by Brrnster8} who embodied his 
results in his inaugural dissertation at Dorpat. This thesis I have not seen, being able 
_ only to find a short reference in Scumipt’s Jahrbuch for 1886, and certain —— in 
the papers of SANGER and Mayor, 

BERNSTEIN investigated the puerperal involution of the uterus in rabbits, by making 
measurements of the uterine connective tissue. He comes to the-conclusion that the 
connective tissue in the puerperium is absolutely diminished, but that it atrophies to 
a slighter extent than the musculature, and that a not unimportant number of con- 
nective tissue cells do not undergo fatty degeneration.* 


; 


PART II, 


So much for the literature of the changes in the uterus. I shall now pass on to the 
second part of this paper, namely, my own observations on the rabbit’s uterus, taking 
up—TI. Pregnancy, IL. Puerperium. 

PREGNANCY. 


Here we consider the changes in the muscular and connective tissues and in the 
blood-vessels. 


1. Muscular Tissue. 


Following closely as a corollary to VircHow’s dictum “ Omnis cellula e cellula,” it 
is believed that the cells of any one tissue are developed only from pre-existing cells 
of the same tissue—that is to say, cells have an isogenous as contradistinguished from an 
allogenous origin. With regard to non-striped muscle in particular, that this is the case 
has been beautifully shown by the observations of STILLING and PriTzNeER of Strassburg. 


* Scumipr’s Jahrbuch, 1886. 
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These observers excised small bits of the muscular coat of the Triton’s stomach, and after 
allowing the process of healing to go on for various periods (a few weeks to six months), 
examined the site of injury. They found at the edges of the cut muscular layers 
numbers of muscle cells, whose nuclei presented the characteristic karyokinetic figures, 
showing that the renovation of non-striped muscle takes place by the development of 
new cells from parent muscle cells. We may then dismiss from our minds the possibility 
of any development of muscle fibres from leucocytes or embryonal elements, &c., and 
take as proof of the occurrence or non-occurrence of the development of new muscle 
fibres the presence or absence of dividing nuclei of the existing cells. Accordingly, 
preparations of the uterus at all stages of pregnancy were made with this single object 
in view—to examine the nuclei for division. The method I employed was that employed 
by Strrttine and Prirzner, and also the picric acid method. That the methods were 
not faulty is shown by the numbers of karyokinetic figures observed in the somewhat 
large nuclei of the clear glandular epithelial cells; but in the muscular tissue not a 
single dividing nucleus was seen at any stage of pregnancy. ‘The cells presented a 
gradually advancing growth in all diameters, in the nucleus as well as in the cell-body. 
It is also noteworthy, that as the cells increase in size they begin to present longitudinal 
striations and transverse rings—the former so marked towards the end of pregnancy 
that the transverse sections of the muscle cells may be easily mistaken for the prickle 
cells of the skin. During the last few days a very rapid increase in the size of the 
individual cells, and a marked change in their appearance, are to be noticed. The cells 
increase rapidly in volume, and assume a clearer, glassy aspect, looking as if the pro- 
toplasm were saturated and distended with water. At the same time, some of the cells 
present the appearance of “vacuoles,” clearer spaces with a definite outline, generally 
by the side of the nucleus; the latter being pushed outwards and curved, as it were, by 
this vacuole, so that it, the nucleus, seems to form part of the periphery of the vacuole. 
The appearances remind one of those of cells which have undergone what pathologists 
describe as serous degeneration—their refractile character also suggesting an early stage 
of hyaline degeneration.* 

The importance of these changes I shall speak of shortly, but with regard to the 
question at present before us, my observations show that the increase of the uterine 
musculature during pregnancy is brought about, not bya double process, but only by the 
increase in volume of the existing muscle cells. 

One uterus which I examined at the 21st day of pregnancy had only one horn 
impregnated—the unimpregnated horn, however, had undergone a similar hypertrophy 
in all its parts. 


*I find that this appearance has been noted by Dr Junius Exiscuer, who, in a paper on “The Finer Anatomy 
of the Muscle-fibre of the Uterus” (Arch. f. Gynec. Band ix., 1876, s. 15), says—“ My observations of the contractile 
substance show a decided difference according as the muscle of a non-pregnant, or, on the other hand, of a pregnant 
uterus is taken. Without further treatment with reagents, only teased in amniotic fluid, the muscle fibres of the non- 
pregnant uterus show the contractile substance more markedly striated, and have an appearance (Glanz) much darker 

those of the pregnant organ, whose appearance, I might say, reminds one of that of slight amyloid degeneration.” 


| 

| 
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2. Connective Tissue. 


In the virgin uterus the muscle bundles lie closely together, scarcely separated by any 
connective tissue, which is present only in very small amount, and is of the fully formed 
white fibrous variety, with its different form of corpuscles, and with an admixture of elastic 
fibres. When pregnancy occurs the connective tissue and vessels participate in the 
general activity, so that there is along with the enlargement of the muscle cells a 
corresponding and contemporary increase in the amount of connective tissue. But 
during the first half of pregnancy this is moderate in amount, and the process goes on 
to complete development, the cells becoming transformed into fully-developed fibrous 
tissue, so that on examining a uterus at the 

14th day of Pregnancy, one finds the connective tissue still small in amount, but round the 
vessels there is young fibrous tissue forming, though there is no excess of cellular elements. 

16th day of Pregnancy.—The connective tissue has developed, especially in the zone between the 
two muscle layers. Young vessels too are being formed by the connective tissue cells arranging 
themselyes in rows, chiefly at right angles to the circularly arranged layers of muscle cells. The 
layers of muscle fibres, however, are not much broken in upon, the muscle bundles still lying closely 
together. 

From this time the cellular character of the connective tissue begins to be more 
marked, there is a striking emigration of leucocytes from the vessels into the perivascular 
spaces; so that the cells increase largely in number, and do not go to complete formation 
of fibrous tissue. 

21st day of Pregnancy.—There has been great activity in the connective tissue. The small 
vessels are surrounded by patches of connective tissue rich in cells, small leucocytes, and larger cells 
with clear nuclei, and more protoplasm surrounding the nucleus. The connective tissue has also 
developed among the muscle layers, so that the bundles lie apart, separated by strands of connective 
tissue rich in cells. Many of these cells are transforming themselves into fibres, while others 
retain their cellular character, the nucleus enlarging and becoming clearer. 

There is also a considerable emigration of leucocytes. At this time a very active 
increase goes on in the connective tissue, especially between the two muscular coats 
(longitudinal and circular)—the new tissue and vessels push their way in among the 
muscle bundles, so that instead of the simple arrangement of one external longitudinal 
and one internal circular coat, an intermediate layer, made up of bundles interlacing 
in every direction, becomes developed. During the last three or four days there is an 
entirely new phenomenon, a new variety of cell makes its appearance—colossal cells— 
many of which are multinucleated. 

26th day of Pregnancy. —Great increase in connective tissue, with roe of cell 
element. A change in the character of the cells is to be noted. In addition to the ordinary 
connective tissue corpuscles and leucocytes, lying around the blood-vessels (among the connective 
tissue), are larger cells with finely granular substance, and a single clear large nucleus, which 
contains one or two very definite nucleoli. These epithelioid corpuscles, which are probably 


ordinary wandering connective tissue cells enlarged, form islands round the vessels, and between the 


muscle bundles. In other places new cells have appeared, large, granular, with two or three large 
clear nuclei. 


27th day of Pregnancy.—Great increase of the large multinuclear cells. They are four or five 


—— 


| 
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times the size of the large epithelioid connective tissue cells, but their size varies considerably ; the 
shape also varies, but they are generally spheroidal, with an even or irregular outline. The cell 
substance is very granular, but the nuclei, which vary from one to three or four in number, are 
particularly clear, and possess two or three very definite nucleoli. These huge cells are found 
chiefly in groups in the strands of connective tissue separating the muscle bundles; some of the 
cells, however, lie almost isolated, and others again seem to have wandered in among the smaller 
muscle bundles. Where these cells are in greatest number, there is a corresponding diminution 
in the number of the smaller single nucleated cells, giving the impression that these plasmodia 
are formed by growth, and then fusion of the above single nucleated cells. 

Being developed then in these large numbers at this special period, these plasmodia 
must have some definite object, and it is natural to conclude that it must be in prepara- 
tion for the puerperal changes. As to their origin, it is probable they arise from the 
smaller cells with single large clear nuclei, which again have had their origin in the 


emigrated leucocytes. 


3. Vessels. 


With regard to the development of new vessels, it is impossible to make out com- 
pletely all the processes. But that they increase by multiplication of the existing endo- 
thelial cells is demonstrated in several of my specimens (fig. 1), this multiplication 
being originated by the usual nuclear movements—not a process of budding with subsequent 
subdivision of the nucleus. It is an interstitial increase. But these dividing cells are not 
sufficiently numerous to account for the great increase of capillary vessels, and several 
preparations show appearances that suggest the new vessels are largely formed by the 
arrangement and junction of the endothelioid cells of the connective tissues. An active 
process of growth goes on in arteries, veins, and capillaries. 

An interesting fact is the sinus-like character of the veins which in many cases 
appear as periarterial sinuses (fig. 4), large spaces lying alongside of and sometimes almost 
encircling the arterial tube, and having merely a thin wall made up of endothelial cells 
and devoid of muscular tissue. 

An important point is the fact that during the last two or three days of pregnancy, 
the lining cells of the vessels and the muscle cells of the arteries undergo a rapid swelling, 
becoming clear and hyaline. This is of a most pronounced character, and is important, as 
it must tend to diminish the amount of blood supply to the contractile and connective 
tissue elements of the uterus. 

Looking then at the uterus as a whole, we find a gradual increase in its volume, due to 
the growth of all its constituent elements : the connective tissue, vessels and glands by 
an increase in their amount, t.e., a development of new elements or new formation: the 
muscular tissue by a process of simple hypertrophy of pre-existing cells. Towards the 
last days of pregnancy, we find evidences of even greater activity of a remarkable three- | 
fold character :— 

1. The swelling of the muscle cells till they become distended and hyaline. 

2. The swelling of the lining endothelium and of the muscle cells of the vessels. 


3. The appearance of numerous plasmodia. 
VOL. XXXV. PART 8, 
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Now these facts must have a relation to the rapidly a completion of the 
uterine function, 7.e., parturition. 

It seems as if each cell of the uterus had its life-history distinctly laid down for it, 
and involved within itself. In the virgin state the fibres are in an undeveloped state ; 
their power of development is latent, to be called out on the application of some stimulus, 
e.g., conception. When this occurs, each fibre develops to its utmost, and during its evolution 
brings about the reason for its own involution. The augmentation of the volume of each 
individual fibre is seen to occur with greater rapidity the nearer one gets to the end of 
pregnancy, until at the full term the enlargement is so rapid that the supporting frame- 
work which conveys the nutriment has no time to accommodate itself to the rapidly 
increasing pressure of the distending muscle cells. Consequently, the nourishment begins 
to be cut off, and at the same time a second and a third factor are at work in the same 
direction, viz., the diminution of the lumen of the vessels by a similar process occurring in 
their muscle coat and lining endothelium, and the rapid development of plasmodia 
(assisting in compressing the smaller vessels). 

As a result of their interference with its blood supply, the muscle cell becomes more 
and more irritable, so that the contractions of the uterus, which are normally occurring, 
become increased in intensity. This is well known to occur in the human female, the 
increased frequency and intensity of the uterine contractions being looked upon as one 
of the signs of approaching labour. One of the most powerful stimuli for induction of 
muscular contractions of the uterus (as I have found during the course of experiments 
with the artificial circulation of the uteri of sheep) is a momentary stoppage of the 
blood-stream. While the blood-stream is flowing, the normal contractions of the uterus 
go on rhythmically, but almost coincidently with the stoppage of the stream a violent 
contraction of much greater intensity and much increased duration occurs. Now it 
seems to me that as the result of the interference with the blood-stream, as J have 
described in the pregnant uterus, the muscle cells become more and more irritable and 
respond more and more intensely to any stimuli. The result of this increased irritability 
of the uterine muscle is the intensification of the uterine contractions, which find their 
culminating point in the act of labour. 

But in the evolution of the uterus, not only have the needs of labour been provided 
for, but also those of the puerperium. 

And here I should wish to draw attention to the sinus-like character of the thin- 
walled veins, in relation to the risk of hemorrhage. This is perhaps more important 
in the human being, where the risk is greater. In this sinus-like character of the veins 
we see a beautiful natural means for the arrest or prevention of hemorrhage. As the 
foetus is expelled, and the placenta detached, the uterine musculature contracts, and at the 
same time retracts, so that the extent of the uterine surface remains permanently smaller. 
The result of this retraction is a readjustment of or alteration in the planes of the con- 
nective tissue, and a consequent compression and blocking of the uterine sinus-like veins. 
If I may ailude to the human uterus again, this is no doubt the explanation of the arrest 
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of bleeding in the cases of accidental hemorrhage, which immediately follows the artificial 
rupture of the membranes and partial emptying of the uterine cavity, namely, by the con- 
traction and retraction of the uterine muscle, an alteration in the connective tissue planes 
occurs, resulting in Compression of the thin-walled vessels. In this too we see Nature's 
method of preventing hemorrhage, when the vessels at the surface of the uterus are torn 
through in the third stage, by the separation of placenta and decidua. 

Further, in the great development of the army of plasmodia, we see an efficient pro- 
vision for the changes of the involution process. This will be discussed later, but here 
let me emphasise the fact, that at the moment of labour there are lying in the uterine 
wall numbers of large plasmodia, whose function no doubt is called out during the 
puerperium. 

PUERPERIUM. 


In describing the changes in the uterus during the puerperium, | shall give first a 
detailed description of the preparations which | have examined, and then the conclusions 
founded on them. 


Description of Uteri of the Rabbit at all Stages of the Puerperium. 


The rabbits were killed at various stages, from one to thirty-six days after parturition. 
The uterus was removed while the circulation was going on, and treated by various 
reagents as before described. 


I. 24 Hours Post PARTUM. 


The muscle cells were examined both fresh and after hardening. 

(a) Fresh, removed from the living animal. At first, on examining the teased preparation, 
I got an appearance in which all the muscle fibres and connective tissue seemed to contain and 
be covered by small “granules” or “globules.” On these potash solution (32 per cent.) had little 
or no effect. Acetic acid almost entirely cleared them off. But on making more careful pre- 
parations, and with great trouble separating the individual fibres, it was evident that these fine 
granules were not in the muscle cells, but in the surrounding connecting substance which could be 
seen adhering as an irregular fringe to the sides of some ftbres—other fibres, however, being quite 
free from it. 

(6) Hardened in Miiller, stained alum carmine. The muscle cells present a cloudy dim 
appearance, so that the nuclei are indistinctly seen—the cells, in fact, are in a condition resembling 
early hyaline degeneration, being dim and hazy, but at the same time somewhat refractile, so that 
the individual fibres stand out from one another. 

(c) Hardened in osmic acid (1 per cent.). No fat granules are seen in the muscle cells. 

The connective tisswe is very granular—granules being present in both the intercellular tissue 
and the cells. Some of the cells lying under the peritoneal covering contain fine fat particles. 

The large plasmodia are not seen in groups, but scattered, and instead of the rounded shape of 
pregnancy, show every variety of irregular form, some more or less rounded, others pear-shaped, 
others with processes running out in several directions. Their protoplasm contains numerous large 


and fine granules, probably ‘albuminoid, as though their contour becomes more defined by the osmic | 
acid, they are not blackened. These cells are especially numerous towards that point of the uterine | 


wall where the vessels enter and emerge, are rarer and fewer between the muscle bundles ;—also 


lying around the blocked capillaries of the submucous tissue are numbers of granular cells with large 
single nucleus. 


J 
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II. 36 Hours Post PARTUM. 


The muscle cells were examined fresh and after hardening. : 

(a) Fresh. The individual fibres show very slight, if any further diminution in size, but their 
outlines and the outlines of their nuclei are less regular. The cell substance is dimmer than during 
pregnancy, so that the cells have a more hazy look. 

(b) Osmic acid. None of the cells show any appearance of fat. The outlines of the cells and 
the cell contents are darkened to a greyish colour, but no blackened fat drops are present. 

(c) Picric or chromic acid. Gland epithelium is proliferating—typical nuclear figures in 
numbers. 

The Connective Tisswe.—The intercellular substance and the ground substance of the connective 
tissue is very granular, but clears up very considerably under acetic acid. Treated with osmic 
acid, in the cells beneath the peritoneum fine fat particles are seen; they are also very numerous 
in the peritoneal cells. The plasmodia are present in numbers, lying in the granular connective 
tissue among the muscle bundles. 


Ill. 24 Days Post Partum. 


The muscle cells were examined fresh and after hardening. 

(a) Fresh. The isolated fibres are translucent, somewhat refractile ; outlines indefinite when 
several are together. Nucleus is recognised as a slightly dimmer part of the cell, with one 
(generally) or two or sometimes three bright glistening nucleoli. 

The cell substance is fairly clear, very finely granular, almost homogeneous in appearance 
(few distinct granules being outlinable). The isolated nuclei are quite homogeneous except for 
one or two shining points. 

The intercellular substance and connective tissue ground substance are very g granular. 

After acetic acid, the muscle cells swell up, becoming clearer and absolutely homogeneous ; at 
first the nuclei are rendered more distinct, but later they too become pale and homogeneous, so that 
their outline can no longer be recognised. The connective tissue also swells up and becomes clearer, 
in many places not a granule remaining visible, the whole tissue being quite homogeneous in 
appearance ; in other places, however, some larger granules (few in number) still persist. 

After potash, the nucleus becomes if anything more distinct, and the cell substance a little 
clearer—perhaps only in contrast to the intercellular substance and the connective tissue, which 
takes on a more granular appearance. 

(6) Hardened in Miiller’s fluid. The muscle cells all show a diminution in volume, the nuclei 
also are correspondingly smaller. The cell substance is not so refractile as in the 24 and 36 hours’ 
specimens—it has lost the peculiar dim hazy look, and instead is fairly clear, but slightly granular. 

(c) Osmic acid shows presence of no fat. 


IV. 34 Days Post Partum. 


The muscle cells, examined when fresh, are very finely granular, having the appearance of 
“roughened” glass, so that the nucleus is slightly hidden; it becomes visible on the action of 
acetic acid or glycerine, and shows a normal appearance. | 

With a magnification of 1200 diameters, fine granules are seen in the cell substance. The 
connective tissue shows a very granular appearance as before. Osmic acid shows no fat droplets in 
the muscle cells. , 

The connective tissue is even more granular than before, and in the subperitoneal cells fine fat 
granules are seen. The peritoneal cells also contain a large amount of fat. + 

The large granular connective tissue corpuscles are very numerous. The plasmodia are much 
fewer in number, though still to be found both between the muscle bundles and in the submucous coat. 

The gland cells are undergoing proliferation. The whole uterus is much reduced in size; the indi- 
vidual muscle cells are still smaller than in the 2} days’ uterus, and the nuclei also are diminished. 


a 
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V. 6 Days Post PARTUM. 


The muscle cells were examined fresh and after hardening. 

(a) Fresh. The muscle fibres are more granular (though still very finely). The nucleus is 
not so visible ; individual fibres are less easily distinguished from one another. After being in salt 
solution (0°75 per cent.) for some time (half an hour), the cells become more transparent, though still 
showing fine granules, and the nuclei become clearly visible. 

Acetic acid and potash act as before. The connective tissue ground substance is extremely 


granular. 
(b) Osmic acid shows presence of no fat. 


(c) Hardened in picric or chromic acid, The muscle cells are smaller than in the 3 days’ uterus ; 
the connective tissue also is less in amount, and the whole uterus is considerably diminished. All 


the muscle cells are in an exactly similar state, no appearance suggesting that some fibres disappear, 
while others remain. 


No karyokinetic figures seen in the muscles. 

The connective tissue is much smaller in amount, being reduced almost to the amount in a 
normal non-pregnant uterus, and the fat granules have almost entirely disappeared. 

In the submucous connective tissue large granular cells with large yellow granules in their 
interior are seen. Some contain whole red blood-corpuscles, 


\I, 10 Days Post PARTUM. 


(a, Fresh. The muscle cells are very much smaller, the nucleus being surrounded by only a 
small amount of dim cell substance. 

The individual fibres are dimmer and more refractile than are the fibres of early pregnancy ; they 
all resemble each other; each fibre presents an appearance exactly like that of its neighbours, 7.¢., the 
muscle cells are all undergoing the same change equally and at the same rate. There is no appear- 
ance of one group degenerating, while another group is developing. | 

(b) Osmic acid. No fat granules are seen anywhere. 

(c) Picric acid shows no karyokinesis in the muscle cells. The cells with the yellow granules 
are particularly numerous, especially in the submucous tissue. 


VII. 14 Days Post Partum. 

The muscle cells seem to be merely diminished in size, while their protoplasm (what remains 
of it) is less granular. 

VIII. 21, 28, anp 36 Days Post Partum. 


Here uteri show much the same appearance as the 14 days’ uterus. There is a very slight in- 
crease in the size of the muscle cell and its nucleus. 


So much for the description of the individual preparations. We take up now the 
conclusions as regards the muscular and connective tissues, and the blood-vessels. 


Conclusions as regards the Uterus in the Puerpervum. 


1. Muscular Tissue. 


1. Degeneration —The prime question that presents itself is--Does a degeneration of the 
muscle cells occur; if so, what is its nature, in what position does it occur, and in what amount, 
“does it attack all or some fibres, and at what time in the puerperium does it occur ? 
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(a) Character of Change. It is evident that no such fatty degeneration as has been described 
by KILIAN really occurs in the uterus undergoing the normal involution. I have been unable to find 


- one single muscle cell whose substance gave the characteristic appearances or reactions of fat. 


On the other hand, the muscle cells do undergo a change; but this change, though retrogressive, 
partakes more of the characters of an atrophy than a degeneration, the cell substance becoming 
slightly dimmer and more granular, and progressively diminishing in amount. But it must be 
pointed out that this physiological retrogression differs totally from a pathological atrophy—in the 
latter it is the specific elements of a tissue that diminish and disappear, while the connective tissue 
framework is not affected, or, if affected, it is in the way of increase and not of decrease, e¢.g., in the 
atrophy of muscle following destruction of its nerve supply there is found a diminution of the 
muscle cell substance, while the connective tissue shows an increase, On the other hand, in the 
physiological retrogression of the involving uterus, there is no increase of connective tissue, but an 
actual destruction and disappearance of it; while, so far as the muscle is concerned, merely a diminu- 
tion of the volume of its individual cells. The term granular atrophy would mislead, as suggesting 
an increase of connective tissue, and I prefer not to use it. The change is, therefore, one of physio- 
logical retrogression: the actual chemical character is not revealed by the microscope, but it is 
probable that the cell protoplasm undergoes a sort of peptonisation—all the surplus material that is 
no longer required being changed into some more soluble substance, which finds its way into the 
surrounding lymph—but, whatever its chemical nature, it is certainly not fatty, no traces of fat 
being found in the muscle cells, intercellular substance, or lymph spaces. 

(6) Time. As already described, when dealing with the muscle cells during pregnancy, towards 
full time the muscle fibres become greatly swollen and distended-looking, with a remarkably clear 
translucent or glassy appearance, evidently what is described as hyaline, while in many fibres spots 
which look like “ vacuoles” have appeared, resembling the so-called serous degeneration. Now, 
within the first 24 hours of the puerperium, a tremendous change is wrought in these fibres, their 
size has been greatly diminished, and many of the fibres have already lost that clear glassy look, and 
instead present a dim or hazy, though still hyaline or translucent, refractile aspect (somewhat like 
ground-glass or spermaceti). Other fibres (especially in the vascular layer between the two muscular 
coats), greatly reduced in volume, still present the clear hyaline or glassy appearance of pregnancy, 
but by the second day all the fibres present the dim hyaline aspect; and from this time onwards 
the diminution advances progressively and equally in all fibres alike till the 10th day, when it 
has reached its greatest height. There are evidently two stages in this post-partum change :— 
(1) An exceedingly rapid and remarkable alteration in appearance within the first 36 hours, 1¢., 
a change from the clear hyaline to the dim hyaline appearance, accompanied by a rapid diminution 
in volume. (2) A gradual and progressive diminution in the volume of the dim hyaline fibres up to 
the 10th day. ga 

(c) Position. The diminution of volume occurs simultaneously in all fibres in all parts of the 
uterus ; it does not commence at one edge and advance, inwards or outwards, nor does it go on more 
rapidly at the inner or outer edge, but commences at the same time, and proceeds at the same rate 
in all the fibres throughout the organ. 

In the uterus 24 hours post partum one finds many fibres which have not yet lost their clear 
glassy appearance, and these especially around the vascular layer which separates the circular from 
the longitudinal muscular coat. 

All fibres, however, both clear and dim, are diminished in size. After 36 hours all the fibres 
present the same appearance, and henceforward undergo a parallel process of change, so that in a 
given uterus one finds each fibre in a condition similar to that of its neighbours. One does not find 
a group of degenerating cells lying by the side of a group of healthy cells, and another group of 
completely degenerated or young developing cells. 

. (d) Amount of Diminution. Kuitay,* in speaking of the rabbit’s uterus, says—‘ The involution, 
however, is not of the nature thought by obstetricians, but a complete atrophy, dissolving 


* “Die Structur des Uterus bei Thieren,” von Dr F. M. Kiian, Zeit. f. ration. Med., ix. Bd. 1 Hft., 1849. 
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(Auflésung), and a new formation of young tissue in place of the old dead fibres,” so that “a 
female that has gone through pregnancy, and the puerperal state, possesses at the end of the 
puerperium a new uterus.” 

Hescu1,* in reference to the human, says—*“ Of the uterus (which existed previous to labour) not 
a single fibre remains behind.” 

My observations lead to a quite opposite conclusion, viz., this change does not bring about a 
destruction of the cells. Is is merely a transition from larger to smaller dimensions. There is no 
destruction, no diminution in number, but simply the removal of some of their contents, a diminu- 
tion in volume. It is an incomplete atrophy—not a numerical, but a simple physiological atrophy: 
the process in each fibre goes on to a certain point, and then stops—the fibre remains, only it is of 
a smaller volume. 

Under the view that the pregnant uterus at term was composed of two sets of muscle cells— 
those that existed before conception occurred (greatly augmented during pregnancy) and those that 
were newly developed during pregnancy— it became a question as to what fibres were attacked by 
degeneration during the puerperium. Two distinct views are held:—(1) KiLian and HEscHL (the 
former basing his views on observations upon the rabbit's, the latter on the human, uterus) asserted 
that all fibres were destroyed. (2) Others (¢.g., KGLLIKER) offered the theory, that possibly the original 
fibres were destroyed, and those of new development during pregnancy remained behind. 

This question is really settled by the observation that during pregnancy there is no new develop- 
ment of young fibres, consequently the uterus at term is made up of fibres which are, so to speak, 
contemporaries, and these fibres, which have all partaken in the great augmentation in volume of 
pregnancy, now all undergo an equal diminution of volume in the puerperium. This change occurs 
in all the muscle cells. 

2. Regeneration.—Prima facie, this complete destruction of one uterus, and the evolution of a 
new organ, seems in the highest degree, and on clinical grounds alone, improbable ; for, as is well 
known, the uterus that has once been pregnant remains after the puerperium of different form and 
larger than the virgin uterus. And the above observations on the changes in the muscle cells show 
that there is no need for new fibres to be formed. However, my preparations demonstrate the fact 
that no new fibres are developed from pre-existing muscle cells—i.e., no nuclear figures are to be 
discovered in any of the muscle cells. | 


2. Connective Tissue. 


Concurrently with the changes in the muscle, there is also a change in the connective tissue, 
but the processes differ. Contrary to the experiences of MEOLA, I can find no such rapid transition 
of the connective tissue from a young to a riper state during the first days of the puerperium; on | 
the other hand, my preparations show a decided gradual and progressive diminution in amount and 
disappearance of the connective tissue. The process begins as an increasing granularity of the con- 
nective tissue fibres and cells immediately post partum. Some of the connective tissue fibres during 
the first three days swell up and become hyaline, eventually, however, breaking down into granules. 
The connective tissue cells also become more and more granular, their nuclei are greatly changed, 
breaking up into fragments which take on an intense colour when stained. In some cells there 
also appear very fine fat granules—this especially in the sub-peritoneal connective tissue, but also in 
some of the gland cells and sub-epithelial connective tissue cells also. In some places the destruc- 
tion is so complete that all traces of connective tissue fibres are lost, their place being taken by a 
clear mass, entangling granules and degenerating leucocytes and corpuscles and nuclei. Scattered 
through this also are the large plasmodia. Other large connective tissue cells do not undergo this 
degeneration. They are the large granular epithelioid cells with a single clear vesicular nucleus ; 
already by the first day they are seen lying round the blocked capillaries, but on the 6th day they 
are found to be almost filled with bright yellow granules derived from the disintegrating red blood- 


2. 7" Untersuchungen iiber das Verhalten des menschlichen Uterus nach der Gesurt,” Zeit. der. kats. kon. Gesellschaft 
Aerste zu Wien, Jahrgang 8, Bd. ii. pp. 228, &c., 1852. 
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corpuscles. Their function is evidently to eat up and carry off the blood-pigment. They are 
especially numerous at the 10th day in the sub-epithelial connective tissue. After this time they 
diminish greatly in number, probably wandering off, but representatives are to be found months 
later. 


The Giant Cells. 


But of paramount importance and interest are those large multinuclear cells, which I have 
found in the full-time uterus, and described as plasmodia. These cells are present only during the 
last few days of pregnancy and the first days of the puerperium. What is their life-history ? 

Since the time when HAECKEL first demonstrated the ingestion of colouring matter by the blood- 
corpuscles of various invertebrates, numerous researches have followed, showing that this is a 
property common to the wandering mesoderm cells, not only of invertebrates, but also of vertebrates, 
including man. METSCHNIKOFF and many others have shown that these cells are capable of not 
only taking up foreign bodies introduced from without, but also resorbing structures that have no 
further use, ¢.g., in the atrophy of larval tissues during metamorphosis, 

Further, METSCHNIKOFF has shown that these cells have the power of coming together and fusing 
to form one common mass or plasmodium, and that the so-called giant cells, so often found lying 
round foreign bodies, have “in all cases (in invertebrates) arisen by fusion of separate cells.” 

GEDDES and others have observed that even outside the body, and without the presence of foreign 
bodies, these cells have a great tendency to form plasmodia. 

Further, to quote METSCHNIKOFF’S own words—“In higher forms the mesoderm does not lose 
its primitive powers, but employs them against useless and harmful bodies, so that it retains the 
intracellular digestion, as well as many other of the characters of the protozoa—not only the power 
of throwing out pseudopodia, but also that of forming plasmodia. Mesodermal plasmodia are found 
even in the higher animals, not excepting man himself.”* 

Now it seems to me that here we have the explanation of what occurs in the rabbit’s uterus. 

During the last days of pregnancy large clear cells with a single large nucleus appear in 
numbers (derived most -probably from leucocytes); these coalesce and form the multinuclear cells— 
the plasmodia—so that by the end of pregnancy there is developed a large army ready for service. 
Immediately the uterus has emptied itself of its contents, and its greatly increased tissues 
completed their function, the plasmodia begin their work. They are no longer found lying in 
groups, but are scattered and their profoplasm becomes progressively more granular. Evidently 
their function is to eat up the waste material lying around them—whether in the form of granules 
from the connective tissue, or in solution from the muscle cells. __ 

The process might be compared to some extent with the resorption of cartilage by 
chondroclasts. 

In the developing bone we find a temporary framework of calcified cartilage, which is gradually 
eaten up by the chondroclasts, to make way for the permanent bone. 

In the uterus we find a somewhat analogous process. In the developing uterus of pregnancy 
we find a temporary framework of connective tissue developed to support the enlarged muscle cells, 
and to convey the greatly augmented capillary vessels for their nourishment. In the puerperal 
uterus this framework is no longer required, accordingly it is removed, and it is in this process that 
the plasmodia seem especially to be concerned. 

It may be well here to recall the fact, that other uninuclear wandering cells (phagocytes) a 
assume the duty of ingesting the red blood-corpuscles, which lie in numbers in the blocked capillary 2 
vessels. 

As to the destiny of the plasmodia, after taking in their load they wander off from the uterus (none | = 
are to be seen on the 6th day post partum), and probably find their way into the general circulation 
—-whether as plasmodia or after breaking up again into their original elements is not evident. 


* “ Researches on the Intracellular Digestion of Invertebrates,” by Dr Ex1as MeTscHNIKOFF, Quart. Jour. Micr. Sct., 
1884, vol. xxiv. p. 109. 
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3. Vessels and Blood-Corpuscles. 


In the earlier part of this paper I have alluded to the marked changes which occur in the vessels 
during the latest stages of pregnancy, and also to the importance of the sinus-like character of the veins. 

In the veins we find the following changes :— 

(1) An immediate compression of the sinus-like and smaller veins. 

(2) Many of these vessels later again become pervious; but others remain permanently 
compressed, their endothelial cells coming to present a hyaline and granular appearance, gradually 
diminishing in volume, and finally disappearing. 

(3) In some of the veins a true process of proliferation of the intima goes on—this being started 
at points where the neighbouring endothelial cells are brought into contact by the folding of the 
vein wall on itself. 

In the arteries we find three varieties of change :— 

(1) Simple hyaline and granular change in the endothelial cells of the smaller arteries—many 
of which come to be compressed in the same way as the veins. 

(2) In the somewhat larger vessels, there is during pregnancy a hyaline swelling of the mus- 
cular and internal coats, both muscle cells and endothelium; this is followed by a gradual 
diminution in volume—just as in the muscle cells of the uterine wall. Their lumen is blocked 
from within by the swelling of the muscular coat and intima, instead of by compression from 
without. These vessels also gradually disappear. 

(3) In the larger arteries a true process of proliferative endarteritis (as shown in fig. 10) 
goes on. A rapid growth of cells takes place apparently from the endothelial cells and the sub- 

. endothelial connective tissue of the intima; the growth being generally asymmetrical—one side 
5 of the vessel wall growing more rapidly than the other, so that the lumen, instead of being circular, 
comes to be crescentic. In many cases the lumen becomes completely blocked. At the same 
time, the cells of the muscle coat become smaller, and probably eventually disappear. The lumen 
comes to be represented by a fibrous cord, which in its turn is gradually absorbed. 

. It may be well to point out again the fact that the plasmodia are especially congregated 
round the vessels, and no doubt they assist in absorbing the contents of the cells of the vessels 
which are undergoing the gradual diminution. 

What is the fate of the red blood-corpuscles which lie in the blocked vessels and in the extra- 
vasations? This is twofold :— 

(a) Many of the red corpuscles shrink and break up into a brownish granular mass—especially 
those which have escaped into the surrounding tissues—owing to rupture of the vessel wall. 

(6) The second process is that of absorption by cells—either the whole corpuscle being 
absorbed, or the above disintegrated fragments. Large clear endothelioid cells may be seen filled 
with brownish-yellow granules, and here and there whole corpuscles with a complete circular out- 
line. After absorption, the hematin undergoes transformation into the brown pigment, the 
corpuscles breaking up into minute granules. 

I think there can be no doubt that this transformation of the hematin can go on both within 
and without the cells (phagocytes), because one sees— 

(1) Whole corpuscles in the interior of cells. 

(2) Red cerps breaking down while still contained within the lumen of the vessel. 

Most of the phagocytes (which are especially numerous about the sixth day) wander off out of 
the uterus with their load of pigmented granules; others, however, appear to remain permanently, 
for in the uterus which has once undergone the changes of the pregnancy and puerperium, there are 
always to be found a certain number of these cells with brown-yellow contents. 


__ Taking then a general retrospect of the changes that occur in the uterus from the virgin con- 
dition through pregnancy to the end of the puerperium, we may look upon the musculature as 
the essential or specific element of the uterus with a supporting framework of connective tissue. 
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The changes in the musculature may be compared to a wave. During pregnancy we have the 
ascent, the diminutive fibres becoming colossal in their dimensions; then the descent of the puer- 
perium, the fibres diminishing again to their previous volume. To support this temporarily 
augmented musculature, there is a great development of a temporary connective tissue scaffolding. 
When the function of this augmented musculature is discharged, there is no further need of the 
support, which is accordingly destroyed and removed. 

Thus in the life-history of the uterine musculature we see, not as is generally thought, a fresh 
development of tissue to meet the new demand, to be followed later by a total destruction of the 
organ and its renovation or redevelopment, but a structure whose latent powers are evolved when 
occasion demands—a gradual rising to meet the needs of the economy followed by a corresponding 
return to the previous condition. 

The greater part of this work was carried out in the Pathological Institute of the University 
of Strassburg, the remainder in the Research Laboratory of the Royal College of Physicians, 
Edinburgh. 

I desire to express my best thanks to Professor VON RECKLINGHAUSEN and his assistant Dr 
STILLING, for their many kindnesses, and to the committee of the Physicians’ Laboratory and Dr 
WooDHEAD, the superintendent, for their kind assistance. 


EXPLANATION OF PLATE, 


1. Dividing nucleus of endothelial cell of blood capillary, uterus of rabbit. 3rd day pregnancy. x 1200. 
Fig. 2. Plasmodia from muscular coat of uterus of rabbit. 27th day pregnancy. x 350. 
Fig. 3. Do. do. do. 26th day pregnancy. x 350. 
Fig. 4. Do. do. do. Ist day puerperium. x 350. 
Fig. 5. Plasmodia from mucous membrane of uterus of rabbit. 3rd day puerperium. x 350. 
Fig. 6. Large periarterial venous sinus, from muscular coat of uterus of rabbit. x 350. 
Fig. 7. Large granular plasmodial cell, with processes from muscular coat. 1st day puerperium. «x 400. 
Fig. 8. Plasmodia in muscular wall of uterus. 3rd day puerperium. x 350. 
Fig. 9. Mucous membrane of uterus of rabbit, showing nuclei of gland epithelium in process of division ; also 
phagocytes containing yellow pigment. 3rd day puerperium. x 350. 
Fig. 10. Proliferation of intima in an artery, from muscular coat of uterus. 10th day puerperium. 
Fig. 11. Muscle cells of uterus, showing various stages in diminution of volume during the puerperium. 
1 and 2, 36 hours after labour. 
3, 3 days a. 
é 4 and 5, 6 days 
a 6 and 7, 10 days 2 


Fig. 12a, Isolated cells from subglandular connective tissue (mucous membrane) of uterus. These are prob- 
| ably the cells which become “ phagocytes.” 36 hours after labour. 
Fig. 12) Isolated phagocytes containing yellow granules and red blood discs. 6 days after labour. 
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IX.—On Some Relations between Magnetism and Twist in Iron and Nickel. Part I. 


By Careitt G. Knorr, D.Sc. (Edin.), F.R.S.E., Professor of Physics, Imperial 
University, Tokyo, Japan. 


(Read 16th July 1888.) 


In a former paper * I described certain experiments on the relations of magnetism 
and twist in iron and nickel, the chief results of which it may be well to give briefly 
here. When an iron or nickel wire is under the influence of longitudinal and circular 
magnetisations, it twists in a direction which is definitely related to the direction of the 
magnetising forces. This effect in iron was discovered by WrepEMANN,t and for conven- 
ience I shall call it the Wiedemann Effect. It was pointed out by CLERK MAxwELt that 
the Wiedemann effect might be explained as a consequence of the earlier discovery made by 
JOULE, that iron lengthens in the direction of magnetisation, and contracts at right angles 
thereto.{ Led by a consideration of Barrett's discovery § of the shortening of nickel wire 
in the direction of magnetisation, I determined to test nickel in the same way in which 
WIEDEMANN had tested iron. It was quite obvious that, if MaAxwELt’s explanation of the 
Wiedemann effect were the true one, nickel wire should, ceteris paribus, twist in a sense 
opposite to that in which iron twists. The experiment when made completely fulfilled 
the expectation. Thus, when an iron wire, with one end fixed, is traversed by an electric 
current in the direction in which it is at the same time longitudinally magnetised, the 
wire is twisted so that the free end rotates right-handedly with reference to the traversing 
current, or the longitudinal magnetisation. In nickel, on the contrary, the corresponding 
rotation is left-handed. This was the chief conclusion arrived at in my earlier paper ; 
and a little consideration will show how very readily the Wiedemann effect, whether in 
iron or in nickel, is explained in terms of the simpler strains studied by JouLE and 
BaRRETT. 

There were, however, other results of interest touched upon, especially with regard to 
the influence of tension, which seemed to call for further investigation; but it was not 
till the spring of 1887 that I was able to return again to the subject. In that year I 
was fortunate in obtaining the assistance of Mr NaGaoKa, a graduating student of physics 
in the Imperial University of Japan, who undertook a very thorough examination of the 
influence of tension on the Wiedemann effect. His results, taken in conjunction with Mr 
BinwELt’s recent elaborate measurements of the changes of length of iron and nickel in 


varying magnetic fields, go far to establish the sufficiency of Maxwett’s explanation, as 
will be seen further on. 


* “On Superposed Magnetisms in Iron and Nickel,” Trans. Roy. Soc. Edin., vol. xxxii. p. 193, 1883. 
+ WtepEemann’s Galvanismus, Bd. ii. § 491 (1st edit.). 

t Sturceon’s Annals of Electricity, vol. viii.; also Phil. Mag., 1847. 

§ See Nature, vol. xxvi., 1882. 
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The experiments were conducted in exactly the same manner as described in my 
earlier paper. The wire hung vertically within a magnetising solenoid, and to its lower 
and free end was attached a dipper, which dipped into a pool of mercury and made the 
necessary contact for the current along the wire. The tension in the wire was varied 
by putting on and taking off ordinary lead weights. The twist was measured by means 
of a mirror which was fixed to the free end of the wire, and reflected a spot of light in 
the customary manner upon a scale. | | 

When the wire was being traversed by a steady current so as to be circularly 
magnetised, the longitudinal magnetic field in which the wire was placed was repeatedly 
reversed until a steady difference of readings on the scale was obtained. The wire was, 
in other words, subjected to a cyclic straining, which gave a total to-and-fro twisting of 
the wire. For any one condition, some six or eight distinct successive readings were 
noted down, so that a good mean for the total cyclic twisting of the wire was obtained. 
Half the amount of this total twist was taken as the twist corresponding to the particular 
combination of magnetising forces. 

With a given current along the wire, the current in the magnetising helix was taken 
through an ascending series of values. The highest field so obtained usually lay between 
25 and 35 (C.G.S8.) electromagnetic units, In the case of the iron wires, this greatest field 
was considerably higher than the field for which the maximum twist was obtained. In 
the case of the nickel wires, there was no such maximum twist observed up to the fields 
employed.* This point of maximum twist is one which offers distinct facilities for the 
discussion of the problem in hand, namely, the effect of tension on the phenomenon of 
twist. Does change of tension cause a change in the position of this maximum twist, and 
does it cause a change in its amount ? 

Some 120 distinct curves were obtained for different iron wires, showing the relation 
between twist and field for different currents along each wire and for different tensions. 
If we compare the curves for any one steady current along any one wire, we shall be able 
to study the direct influence of tension on the Wiedemann effect. The first conclusion is, 
that there is no evident relation between the tension and the position of the maximum; or, 
more accurately, that the field, which for given current along the wire corresponds to the 
maximum twist, is in no way affected by change of tension through a considerable range. 
On the other hand, as was also clearly shown in my earlier paper, it is abundantly evident 
that the position of the maximum twist depends on the strength of the current along the 
wire—the stronger this current, the higher the field needed to produce the maximum 
twist. 
The effect, however, of tension upon the amount of twist is very marked. Thus, if 
we take any iron wire, and subject it at different tensions to the same combination of 
circular and longitudinal magnetic stresses, we shall find that the twist due to this com- 


* In more recent experiments, conducted on a somewhat different plan, I have been able to obtain a maximum 


twist in nickel for intermediate values of field; but much higher fields must be used than were available in Mr 
NaGAOK,’s experiments. 
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bination is always smaller for the higher tension. An increase of tension from 80 to 300 
kilogrammes weight per square centimetre is sufficient in some cases to diminish the twist 
due to a given combination of magnetisms to one-fourth of its original amount. In the 
following tables only the maximum twists are given, as it hardly seemed necessary to 
reproduce all the individual observations. We can safely employ these maximum twists, 
because of the first conclusion given above, namely, the absence of any recognisable 
relation between the tension and the longitudinal field corresponding to the maximum 
twist. 
In these tables the symbols have the following meanings :— 


ry = radius of wire in centimetres. 

C = current along the wire in ampéres. 

H = mean value of longitudinal magnetic field corresponding to the maximum 
twist. 


H’ = C/5r = circular magnetic field ai the circumference of the wire. 

T = tension in kilogrammes weight per square centimetre. 

6 = angular displacement, measured in radians, of any cross-section of the wire 
relatively to the cross-section 1 ¢.n. distant from it. 


TasBLeE I.—-lron Wires. 


No.1. r=02. No. 2 (continued). No. 2 (continued). 
T T 10*6 1046 
= 114 196 4°60 543 2°81 1630 1:97 
H =105 594 4°25 698 2°5 1785 1°75 
H’=11°4 992 3°35 853 2°25 1940 1°69 
1388 2°55 1087 1:97 2093 156 
1784 2°35 1164 1:88 2256 156 
2181 1°60 1312 1:90 2463 1:22 
2577 1°55 1630 1°47 2618 116 
2975 115 1785 1:34 2773 103 
2093 119 1087 2°69 
C = 173 196 5-00 2256 110 77 3°84 
H =140 594 4°35 2463 ‘90 
H’=17°3 992 4:00 2618 ‘84 
1388 3°25 2773 ‘81 No. 3. r= 0415. 
1784 3-00 1087 2°06 
2181 2:35 77 3°50 x 
2577 1:90 
= C = 162 77 3°94 C =108 48 2°96 
H =11'8 232 3°78 H 243 2°43 
r= "032 H'= 95 388 369 | H'=52 439 2°02 
543 633 1-76 
T 698 3:00 864 1:28 
853 2°88 1058 118 
77 3°75 1087 2°69 1251 1-04 
232 3°44 1164 2°44 1413 ‘92 
388 1312 2°19 1661 ‘67 
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I.—Jron Wires—continued. 


No. 3 (continued). No. 4 (continued). No. 5 (continued). 
T 10*6 T T 10*6 
2050 ‘58 814 1°70 C = 2°47 23 2°58 
2241 53 1097 1°60 H =113 403 2°13 
2505 53 1345 1°22 H’= 837 784 1‘78 
1625 1:06 1164 1°39 
C =16 48 3:16 1876 ‘96 1551 1:08 
H =89 243 2°80 . 1931 ‘93 
H’= 439 2°39 C= 207 31 2°43 
633 2°17 H =12°0 284 2°33 
864 | 169 | H’= 825| 561 | 215 No.6. r= 072. 
1058 1°52 814 191 
1251 1:33 1097 1-79 T 10*0 
1413 1°20 1345 1°46 
1661 | 1-01 1625 | 1:30 
2050 77 1876 | 112 || H=10 280 | 159 
2505 ‘68 794 112 
2894, 53 No. 5 r= 059. 
C= 3:04 15 1°88 
H =11°6 270 1:68 
No. 4. r='0502. H’= 8°44 527 1°46 
C =1°52 23 2°32 784 1°22 
H =87 41 1°78 
H’=5°15 591 1:39 
C = 15 31 2°21 797 1:36 
H =123 284 2°13 981 117 
H’= 6 561 191 1180 1:02 


A careful study of these numbers seems to lead to the following conclusions :— 

1. Other things being the same, the twist is greater in the thinner wire. It should 
be noted here that there is considerable difficulty in deciding as to the meaning of “ other 
things being the same.” The best mode is clearly, not to take the current through the 
wire as a guide, nor yet the current density, but something which may be regarded as 
giving an approximate estimate of the magnetic effect of the current. I have therefore 
taken the quantity H’, which measures the direct magnetic force at the circumference of 
the wire due to an axial current of the magnitude used. The method is certainly open 
to criticism ; but in our absolute ignorance of the magnetic distribution in an iron wire 
due to a current passing along it, any other approximation could hardly be so justifiable. 
It will be shown later, that, on the simplest supposition possible, a calculation based on 
MaxwELL’s explanation of the Wiedemann effect leads to the result that the twist produced 
in a thin tube under the influence of given longitudinal and circular magnetising forces 
is inversely as the radius. It will readily be granted, when all the conditions are taken 
into account, that the experimental result just given is in fair accordance with the result 


deduced from theory. 
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2. The longitudinal field necessary to produce the maximum twist is greater for the 
greater current along the wire. This result also may be shown to be in harmony with 
MaxwELL’s explanation. 

3. For a given combination of magnetising forces, the twist diminishes steadily as the 
tension increases. ‘This relation also holds for all the other combinations of magnetising 
forces used in the experiments. The conclusion is in remarkable agreement with the 
results obtained by Mr BrpwE Lt in his elaborate investigations into the changes of length 
of iron in magnetic fields. Amongst other results, he found that under increasing loads 
the elongation of iron wire due to moderate magnetising forces decreases.* Here again 
MAXWELL'’s explanation of the Wiedemann effect, in terms of the simpler Joule effect, 
accords well with the facts—both being powerfully influenced by tension, and that in the 
same direction. 

At first sight, it might be supposed that the maximum twist shown to exist in these 
experiments was exactly the same phenomenon as the maximum elongation of iron, 
obtained by Mr BrpweE Lt in his experiments. But in trying to connect the two pecu- 
liarities, we encounter discrepancies which are hard to explain. Thus, the field which 
corresponds to the maximum elongation is much higher than the field which corresponds 
to the maximum twist. The latter, of course, depends on the strength of the current 
along the wire; but in no case (out of nearly 200 distinct experiments with different 
wires) has the magnetic field corresponding to the maximum twist been higher than 25 
electromagnetic units—usually considerably lower, as in the table given above. Accord- 
ing to Mr BIpwELL's experiments, the field producing maximum elongation in a wire 1°2 
mm. in diameter, varied from 45 for low loads to about 20 for high loads. This very 
striking effect of increased tension upon the strength of field required to produce the 
maximum elongation has, further, no analogue in the experiments on the maximum 
twist. Again, as bearing on this point, it may be mentioned that, although it is possible 
to obtain a maximum twist in nickel, there is no evidence of a maximum contraction. 
Hence the existence of the maximum twist does not imply the existence of maximum 
elongation or contraction, but clearly depends on other considerations. As I hope to 
show later, however, these considerations seem to be necessarily involved in the complete 
statement of the MAxwE Lu explanation. 

We shall now pass to the discussion of the results for the nickel wires. Here we are 
not able to make use of such a well-marked singular point as a maximum, since no 
maximum was obtained with the magnetic fields employed. The main purpose of the 
present inquiry is, however, to consider the effect of tension on twist, other things being 
the same. It suffices, therefore, to fix upon some one value of the longitudinal field, which 
is common to all the experiments. In the following tables, only those twists are given 
which correspond to the field 28°5. In the great majority of cases this was in reality 
one of the fields employed ; and in the comparatively few instances where it was not so, 
it was an easy matter to obtain by a simple interpolation an accurate enough value for 
* See Proc. Roy. Soc., vol, xl. p. 262 (1886). 
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the required twist. Only three different specimens of nickel wire were at our disposal, 
and of these the thinnest one had no special claims.to purity. The symbols, 7, c, H, H’, 
T, 6, have the same meanings as before, except that H has no reference whatever to 
a maximum twist. 

y = radius of wire in centimetres. 

C = current along the wire in ampéres. 

H = longitudinal magnetic field. 

H’ = C/5r = circular magnetic field at the circumference of the wire. 

T = tension in kgs. weight per sq. cm. 

6 = measure in radians of the twist per centimetre length of the wire. 


TABLE I].—Nickel Wires. 


No. 1. r=°0253. No. 2. r= '0422. | No. 3. r='05. 

T T 10°90 T 

C = 152!/ 160 521 | C= 152| 57:4 154 | C= 152 41 1:86 

H =28°5 657 367 | H=285 | 236 137 | H=285 168 2°31 

H’=120 | 1155 301 | H= 72 | 415 125 | H= 61 296 2:56 

1652 2°43 594 1:19 423 2-64 

2150 1°82 773 107 550 2°47 

| | 736 2:35 

C = 2:28 160 632 | C = 2-28 57-4 151 1107 1°86 
H =285 | . 657 3:87 | H=285 | 236 1:45 

H’'=180 | 1145 241 | H’=108 | 415 145 | C= 281 41 3:01 

1652 2-22 594 138 | H =285 168 3:35 

2150 1°73 H’= 92 296 3:38 

2687 1°85 423 3:28 

550 315 

736 2°67 

1107 2°10 


It will be noticed that the thinnest specimen behaves very like iron—that is, 
increasing tension is accompanied by diminishing twist, and that very markedly. A 
very similar effect is produced in the case of the intermediate specimen, with the single 
difference that the effect is not so pronounced. With the thickest, and what is probably 
the purest specimen, however, the effect of tension on the twist is quite peculiar. At 
first, as the tension is increased, the twist increases until the tension attains a value of 
300 or 400 kgs. weight per sq. cm. After this, as the tension is further increased, a 
pretty rapid decrease of twist sets in. It may be mentioned that this maximum twist 
for some intermediate value of tension was obtained in my earlier experiments * with 
very thin nickel wire. It existed, however, only in one series of experiments, and 
disappeared when the current along the wire was doubled. In the present case there 1s 


* See page 203 of the paper already referred to. 
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a hint as to the manner in which the current along the wire influences the phenomenon. 
It would appear, in short, that the stronger the current along the wire the lower is the 
tension which produces the maximum twist in a given longitudinal field. Hence, for 
currents of considerable strength along the wire, it is quite possible that this maximum 
twist, occurring at a tension lower than the lowest used, could not be observed. For it 
must be remembered that in these experiments with a hanging wire, it is impossible to 
begin at zero tension, since the dipping arrangement needed for making contact and other 
necessary additions must have a definite weight. 

Thus we see that when nickel wire twists under the influence of circular and longi- 
tudinal magnetising forces, the amount of twist in certain specimens is influenced by 
tension in a manner very similar to what occurs in the case of iron—namely, the twist 
diminishes as the tension increases. In other specimens, however, a maximum twist is 
obtained for a certain intermediate tension; and the tension which in a given longi- 


tudinal magnetic field corresponds to the maximum twist appears to be smaller for 


higher values of the circularly magnetising current along the wire. 

I am not aware that any experiments have been made upon the effect of tension on 
the contraction of nickel in longitudinal magnetic fields. Mr BrpwELL does not seem to 
have studied the phenomena in nickel with anything like the thoroughness with which 
he has worked out the phenomena in iron. All I can find is the statement that “a 
nickel wire stretched by a weight undergoes retraction when magnetised,” but whether 
this retraction is greater or less than the retraction in the unstretched case is not 
mentioned.* 

The tensions to which these various iron and nickel wires were subjected were 
obviously carried beyond the approximate limits of so-called perfect elasticity. A very 
natural inquiry to make was as to the effect of permanent strain upon the amount of 
twist fora given combination of magnetising forces. In the experiments on the iron 
wire of radius ‘032 (No. 2 in Table I.), observations were made as the tension was 
diminished again to its first and lowest value. The numbers will be found in the table, 
being in each case the last two rows of figures in the column. When the tension is 
reduced to its original value, there seems to be a slight decrease in the twist; but this 
does not seem to hold for the intermediate conditions. All that can be safely said is 
that the effect of the permanent strain, after the stress is removed, is hardly appreciable 
in the case of iron. 

In the case of nickel, however, the effect of permanent strain is very marked, as the 
following small table will show. In this table two pairs of columns of tensions and 
twists are given. In the first of these are entered the tensions and twists before the 
wire had been subjected to a high tension of above 6000 kgs. weight per sq. cm.; 


and in the second column are entered the tensions and twists after the wire had been 
subjected to this high tension and relieved. 


* See Proc. Roy. Soc., vol. xl. p. 133. _ 
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Before Strain. After Strain. 
T T 
160 5°43 206 0°59 
657 3°68 847 ‘40 
1155 1°79 1487 ‘43 
1652 1°88 ? 2121 ‘43 
2150 1:03 4150 19 


These twists are produced by the combination of a longitudinal field of 27°4 electro- 
magnetic (C.G.S.) units, with a current along the wire of 1°52 ampéres. The radius of 
the wire, originally ‘0253 cm., was after the strain permanently reduced to ‘0223 cm. 

It is at once apparent that the stretched wire twists much less than the unstretched 
wire. The marked diminution in the radius is, of course, a sufficient indication of the 
great molecular change which stretching has produced in the wire. The wire has no 
doubt been considerably hardened by the process, and is no longer to be regarded as the 
same material. It should be mentioned that the numbers just given are only samples of 
the observations taken. A comparison of the twists in other fields than the one chosen 
leads, however, to the same general conclusion. 

It remains, finally, to consider the influence of change of temperature on the Wiede- 
mann effect. In order to carry out such an experiment, it was necessary to coil the 
magnetising helix upon a double-walled tube, between the concentric walls of which 
steam or other vapour could be passed. The upper end of the bore through which the 
wire hung was plugged up with cotton wool, so that no current of air could pass up or 
down. Under these conditions, the temperature of the wire may be assumed to be not 
very different from the temperature of the vapour after that has been for some time passed 
through the space within the walls. In the experiments as conducted, steam at 100° C. 
and water at 11° C. were passed in succession through the double-walled tube; and 
observations on the twist made in the usual way. The following table (Table III.) gives 
a few specimen numbers for both iron and nickel. 

As before, C is the current along the wire, and H’ the corresponding magnetic force 
at the circumference of the wire. H is the longitudinal field. H and H’ are measured 
in electromagnetic (C.G.S.) units. 

A glance at these numbers shows that the general tendency is for the twist to 
diminish as the temperature is raised, although at the highest tensions for iron there 
seems to be a tendency the other way. There is nothing as yet known regarding the 
influence of temperature on the simple Joule effect ; but we might safely argue from the 
results just given that in general change of length of iron and nickel in a given longi- 
tudinal field is greater at the lower temperature. 

In discussing these experiments, I have throughout assumed the truth of MaxweELL’s 
explanation of the Wiedemann effect in terms of the Joule effect. W1epEmANN himself, 
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Tasie III. 
Iron. Nickel. 
yr = ‘0415 cm. r = ‘05 cm. 
C = 16 ampéres. C = 1°52 ampéres. 
H’= 7°7. H’= 
10*6 
T T 
11° 100° 11° 100° 
48 3°04 2°89 41 2°90 2°18 
243 2°65 2°60 168 2°94 2°39 
439 2°36 2°17 296 2°84 2°42 
634 2°07 1°93 423 2°80 2°50 
828 1°83 1°83 550 2°63 2°65 
1030 176 1°64 736 2°68 2°55 
1260 1°45 1°52 
1450 1:06 1:33 


however, does not admit the sufficiency of this explanation. He entrenches himself 
behind the argument, that however neatly MAXwELL’s explanation may seem to explain 
the twist due to superposed magnetisms, it takes no cognizance of the reciprocal 
phenomena (see Beiblatter, 1886, vol. x. p. 728). Professor J. J. THomson has shown 
(see his book Applications of Dynamics to Physics and Chemistry) that the existence 
of the twist produced by passing a current along a magnetised wire requires that when a 
current is passed along a twisted wire, or when a wire conveying a current is twisted, the 
wire becomes magnetised. This result is deduced simply from the application of 
recognised dynamical principles, and in no way takes account of any possible explanation 
of either phenomenon in terms of simpler ones. There is, so to speak, no stepping behind 
the scenes. It may well be doubted, however, if, after all, the experiments in which a 
twisted wire conveying a current is found to become magnetised, can be regarded as 
showing phenomena reciprocal to those in the experiments on the twisting of a magnetised 
wire under the influence of a current passing along it. For in the latter the twist pro- 
duced in the wire by the superposed magnetisms is always very small, far within the 
limits of torsional elasticity; whereas in the former it is necessary to apply comparatively 
large twists before any pronounced magnetic effect is obtained. In Professor WIEDE- 
MANN’S own experiments the twists applied are very large indeed for the length of wire 
used, amounting to 7° per centimetre—that is, more than 200 times any of the twists 
obtained in the experiments just discussed, and 40 times the largest twist which I have 
ever obtained in like experiments. I have further found, by direct experiment, that it 
requires an applied twist of 1° per centimetre to produce any pronounced magnetic 


polarity in a wire conveying a current of half an amptre; so that it seems to be quite 
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beyond the power of direct experiment to investigate the real reciprocal phenomena con- 
nected with what has been called in this paper the Wiedemann effect. 

Some of the weaknesses of Professor WIEDEMANN’S own theory of frictionally restrained 
or rotating molecules as applied to these phenomena, have been very effectively exposed 
by Mr Brpwetu.* There are, besides, several objections of a general character which 
might be urged. For example, the theory is incapable of predicting phenomena. 
MAXWELL’s explanation, however, taken in conjunction with Barrett's discovery of the 
shortening of nickel, at once suggested that the Wiedemann effect in nickel was opposite to 
that in iron; and sol found itto be. Again, the shortening of iron in high fields at once 
suggested that in such fields iron should twist the other way; in other words, behave like 
nickel in all fields; and this Mr BinwE.t found to be the case. Arguing from Mr BipwE Li's 
recent work, we may expect to find that the Wiedemann effect in cobalt is in low fields 
as in nickel, but becomes reversed in high fields. In fact, if we call that twist positive 
which is shown by iron in low and moderate fields, we may state the relations of the 
Wiedemann effect in the three magnetic metals thus: in iron it is positive in low fields and 
negative in high; in cobalt, it is probably negative in low fields and positive in high; in 
nickel, it is always negative. 

Then, again, it is impossible to apply to WiEDEMANN’s theory any numerical test, 
whereas, as I now proceed to show, MAXwELL’s explanation enables us to institute a 
numerical comparison between the Joule and the Wiedemann effects. We know by 
experiment that both phenomena exist; and that, whether the latter is to be explained 
in terms of the former or not, they must at any rate coexist in the form of experiment 
more particularly under discussion. Let us then consider the distribution of stress and 
strain in a cylindrical tube which, as a whole, is subjected to the three strains—uniform 
elongation in the direction of its length, uniform expansion in directions at right angles 
thereto, and a simple twist about the axis of the cylinder. Let this axis be the z axis, 
and let the twist @ be taken right-handedly with reference to it. The x and y axes 
will then lie in a section of the cylinder. If m is the elongation in the direction of the 
cylinder, and o the elongation in any direction perpendicular thereto, we may express 
the displacements &, n, { of a point originally at x, y, z (z very small) by means of the 
following formulz:— 


—Oyz+ox 
(1) 
C= 
From these we get, in the usual way, 
dy d 


* Phil. Mag., September 1886. 


dy 
_ dy _ 
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and hence the equation to the strain ellipsoid is 
(1 


By choosing the y or Y axis along the line from the centre of the section to the point 
x y, we get this equation in the somewhat simpler but no less general form— 


It is evident the Y axis is a principal axis of the strain ellipsoid; and in finding the 
others we may confine our attention to the plane XZ. 


Let A» be the direction cosines of a principal axis in this plane, and 7 the correspond- 
ing radius, then 


2+ 


Differentiating and remembering that 1/r’ is either a maximum or minimum, we get, on 
reduction, 


where 
and satisfies the equation | 


Now let 7, 7, be the maximum and minimum values of r, then we may write 


=1+2, T, =1+0, 
° 
1 1 
oa where w, and a, are the principal elongations, and 2m, 2c, are the roots of equation (4). 
Hence 
40,0, =4a0— (Oy)? 
from which we find easily, 


2a 
=a, +0,F 


The equation of the strain ellipsoid, referred to its own principal axes, may then be put 
in the form 


(1—2m,)X?+ {1—(@, PY 
To find the angle which the major axis of this ellipsoid makes with the axis of z, we 


- 
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have to solve equation (3), putting for p its proper value for the maximum radius; in 
this case 2m,. Then if @ is the required angle, we get 


And now let us make the assumption, plausible enough and certainly the simplest that 
can be made in the circumstances, that this direction of maximum elongation coincides 
with the direction of the resultant magnetising force, as it may be assumed to exist in the 
experiments which give the Wiedemann effect. It will be remembered that we are 
applying the calculation to a cylindrical tube, although so far as the problem is an 
“elasticity” one there is no necessity for such a limitation. By so confining our attention 
to a thin-walled tube, we are able to regard the equation {=z as a sufficiently near 
approximation to what might reasonably be expected to hold good if the experiment 
giving the Wiedemann effect were made with a tube instead of a wire, the tube being 
under the influence of an axial current and of a uniform longitudinal field. The magnetic 
distribution in an iron or nickel wire due to a current passing along it is something of 
which we know absolutely nothing, so that to make a calculation based upon an assumed 
expression for { involving x and y in some — manageable way, would probably ill 
repay the extra labour. 

Returning then to the equation (5), let us take a and B as the circularly and longi- 
tudinally magnetising forces. Then, assuming that the maximum elongation a, takes 
place in the direction of the resultant magnetising force, we may put tan @=a/B, and 
hence by a simple reduction, 


Oy _ af 


Here y is the radius of the tube. Writing it 7, we obtain finally* 


2(a,—c,) a 

that is, the twist @, which measures the Wiedemann effect, is given in terms of the 
magnetising forces a, B, the radius of the tube 7, and the JouLe elongation w,, together 
with o,, the accompanying elongation at right angles to w,. Of o, we have no direct 
measurement. JOULE, however, found that iron longitudinally magnetised did not change 
appreciably in volume. This would make o,=—qa,/2 for the moderate magnetising 
forces with which JOULE worked. 

In comparing this formula with results of experiments as obtained till now, we must 
remember that in the experiment we are dealing with a wire circularly magnetised 
throughout its interior in a complicated and altogether unknown manner; whereas in the 
expression just given we are dealing with a thin-walled tube. Nevertheless, it is easy 
to see that the formula does to a certain extent apply even to the wire. Thus the twist 


* This expression differs from the one given in my earlier paper (p. 198). That, however, was incompletely worked 
out with a too early assumption of the law connecting the elongation with the magnetising force. 


| | 
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is greater for smaller values of r. It is positive when (a—c) is positive, as in iron in 
moderate fields ; it is negative when (w—c) is negative, as in nickel throughout, and as 
in iron in high fields. The existence of a maximum twist for some intermediate value 
of either a or B (8 or a remaining constant) will depend upon the particular way in 
which (a—o) depends on the quantities a and 8. Let us suppose, for instance, that a, 
the circularly magnetising force, is constant, and that 8 is allowed to vary through a 
large range. ‘This supposition is a near enough approximation to the case of a wire con- 
veying a steady current, and then longitudinally magnetised. Now, it is clear that even 
if (@—o) is constant, there is a maximum value for the twist given by the condition 
B=a. A maximum value of (o—c) for intermediate values of the field is not then a 
necessary condition for the existence of a maximum twist. Hence, it is not surprising 
that the field at which the maximum twist occurs should not be the same as the field at 
which the maximum elongation occurs. The maximum twist may exist without any 
maximum elongation ; as for example in nickel, in which I have recently obtained a maxi- 
mum twist about a field of 200 or 300. According to Mr BInwELt’s recent experiments 
(see Nature, July 1888), nickel goes on distinctly contracting in magnetic fields up to 
750, after which up to 1300 or higher the length remains apparently constant. 

If we look closely at Mr BipwEL1’s curves of elongation for iron in ascending magnetic 
fields, we see that at first the curve is concave upwards, then becoming convex it reaches 
a maximum, after which it proceeds nearly straight in a long slope down to, and finally 
below, the zero line. For a considerable range of field near the point of inflexion we may 
regard the elongation as a linear function, of the most general form, of the magnetising 
force ; and such an assumption gives a maximum twist, or rather the possibility of it, 
except in the very special case of simple proportionality of the elongation to the magnetic 
force. 

Let us now test the expression for @ by a direct numerical calculation, taking for this  __ 
purpose the numbers given in Table I. for wire No. 1. Here r=*02, a=11°4, B=10'5, | 


and we may take (w,—o,) to be approximately ‘000004. With these values, we get. 
6=00002 , 


about 24 times smaller than the observed value for the wire. 

A similar calculation can very easily be made for nickel. Now the contraction for 
nickel in magnetic fields is considerably greater than the expansion for iron; and yet the 
twist numbers given in Table III. are sensibly of the same magnitude as those in Table I. 
The reason of this, however, is not far to seek. For it will be noticed that the factor 


aB/(a?+ B*) is, because of the greater inequality of a and 8, much smaller than in the 
case of iron. | 


3 At first sight, this may not seem to be a very promising result; but when all the 
circumstances of the case are borne in mind, it will, I think, be admitted that the result 
is really as satisfactory as we could reasonably expect. The calculated twist for the tube 


is, at any rate, of the same order of quantity as the observed twist for the wire. The 
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calculation is perhaps interesting as being, I believe, the first of its kind, namely, a 
numerical comparison of what are at first sight different phenomena depending on the 
relations of magnetic and mechanical stress and strain. The result of the comparison, in 
my opinion, demonstrates the sufficiency of MAXxwELL’s explanation of the Wiedemann 
effect in terms of the simpler Joule effect. Thus MAxwe t's explanation has, to a first 
and simple approximation, stood the test of numerical calculation; whereas it is impossible 
even to imagine how to begin in applying such a test to WIEDEMANN’S theory. 

Another serious objection to WIEDEMANN’S theory is, that it gives a so-called explana- 
tion of a particular kind of magnetic strain, but furnishes no insight into the mechanism 
of simpler magnetic strains. And then, again, it seems to me—in making this statement 
I may simply be showing how little I understand the mechanism of the frictionally 
restrained rotating molecules—but it seems to me that, according to WIEDEMANN’s theory, 
the direction of twist in an iron or nickel wire should depend on the order in which the 
circular and longitudinal magnetising forces are applied to the wire. Thus, let the wire, 
hanging vertically, be magnetised with north pole downwards, and then let a current 
be passed down it. Then the originally vertically polarised surface molecule facing the 
spectator will tend to rotate like the hands of a watch. But, if the wire is first magnetised 
circularly by a current flowing down it, and then subjected to the influence of the longi- 
tudinal field, the originally horizontally polarised surface molecule will tend to rotate 
contrary to the hands of a watch. Now, it is difficult to see how such contrary tendencies 
can possibly cause a similarly directed twist. 

I have recently found by experiment that the amount of twist, due to a given com- 
bination of magnetising forces, does depend upon the order in which the forces are 
applied ; but, except in a very particular case, the direction of twist never does. As the 
experiments, however, are not quite completed, I reserve their discussion for a second 
paper. 
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X.—On the Fossil Plants in the Ravenhead Collection in the Free Library and Museum, 
Inverpool. By Ropert Kinston, F.R.S.E., F.G.S. (Plates I. and IL.) 


(Read 16th July 1888.) 


INTRODUCTION. 


A copy of Mr Marrat’s paper “On the Fossil Ferns in the Ravenhead Collection” * 


having come into my hands, I was led to visit the Liverpool Free Public Museum in 
1886, and again in 1887, with the object of examining this interesting collection, and 
while doing so I received every assistance from Mr Tuomas J. Moors, the Curator, and 
Mr F. P. Marrat, to whom I take this opportunity of expressing my indebtedness for 
the many kindnesses I received while studying the Ravenhead plants. I have further 
the pleasure of acknowledging the privilege accorded me by the Museum Committee, 
through the kind offices of the Rev. H. H. Hicarns, which allowed me to have a number 
of specimens sent to Stirling, where I could more advantageously examine them than in 
the Museum, where the literature of the subject is limited. 

The history of the Ravenhead Collection has already been given by the Rev. H. H. 
Hieeinst and by Mr Marrat in his paper “On the Fossil Ferns in the Ravenhead 
Collection.” I may, however, briefly say here, that the specimens were collected by the 
Rev. H. H. Hicerns, chiefly from the shales associated with some upright stems of fossil 
trees immediately below the lower of the two Ravenhead Coals. A few specimens may 
also have been collected from the shales between the two Ravenhead Coals, or in the 
shales that overlie them, but these form a small proportion of the collection. 

The section from which the fossils were collected was exposed while making a cutting 
on the Huyton and St Helens Railway, which passed through the Middle Coal Measures, 
at Ravenhead near St Helens, South Lancashire. 

Mr G. H. Morton, F.G.S., author of the Geology of the Country around Liverpool, 
has most kindly favoured me with the following sketch of the Geology of the South- 
West Lancashire Coal Measures. Mr Morton’s intimate knowledge of the geology 
of this district, and his reliable work on the subject, are already known to geologists, 
and I feel confident that the geological description with which he has favoured me 
will add much to the value of this paper. 

The Coal Measures of South-West Lancashire rest on the Millstone Grit, which is 
exposed in three restricted areas, viz..—Knowsley Park, Grimshaw Delf, and Parbold and 


* Abstract of Proc. of the Liverpool Geol. Soc., 13th session, 1871-72, p. 97, 1872 (Plates). 


t Proc. Liverpool Nat. Field Club for the year 1870-187], and Abstr. of Proc. of the Liverpool Geol. Soc., 13th session, 
1871-1872, p. 94, 1872. 
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the Harrock Hills, as shown on the maps of the Geological Survey. The general succession 
of the Coal Measures shows the following subdivisions in the neighbourhood of Prescot, 
St Helens, and Wigan :— 


Upper Coal Measures. 
Middle or Productive Coal Measures. 
Lower Coal Measures. 


The Lower Coal Measures contain a greater proportion of sandstone strata than the 
other two subdivisions, and form the highest and most conspicuous ground; the Middle 
or Productive Coal Measures contain nearly all the coal seams that are of sufficient 
thickness to be worth working; while the Upper Coal Measures are of little economic 
importance. These subdivisions are principally the result of observations by Professor 
Epwarp Hut, F.R.S., who originally surveyed the district for the Geological Survey 
thirty years ago, though it had been described long before by the late Mr E. W. Binney, 
F.R.S., to whom geologists are so much indebted for his valuable and long-continued 
researches in the Lancashire Coal Field. The succession of the coal seams and the 
thickness of the strata between them have been known for a long period, this information 
having been gradually obtained from the sinking of shafts and working the coals during 
the last one hundred years, but some of the most reliable details are given in the 
“Sections of Shafts sunk in the Middle Coal Measures of Prescot, St Helens, Wigan, and 
Burnley,” by Messrs C. E. pz Rance, F.G.S., and A. Srranan, B.A., F.G.S., published 
by the Geological Survey. 


Railway Station. 


Upper. Middle. 
Fic. 1.—Section through the Coal Measures at Prescot. 


The above section (fig. 1) along four miles of country from north to south, with 
Prescot in the centre, exhibits in regular sequence the nearest development of the Coal 
Measures in the country around Liverpool, and shows the subdivisions described. This 
threefold succession is common to the whole of the Lancashire Coal Field, which was all 
formed under the same general conditions, but it has been since broken up by faults, and 
denuded to such an extent that the subdivisions appear at the surface in separate areas, 
and the whole is frequently covered by the overlying Triassic strata which extend over a 
large portion of Lancashire and Cheshire. 


Prescot. 
Lower. 
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LowEeR Coat MEASURES. 


These overlie the Millstone Grit, and form the lowest subdivision of the Coal 
Measures. They have been called the Gannister Series, a provincial term, alluding 
to the hard siliceous beds which often form the floor of the few coal seams they 
contain. The formerly well-known Huyton Quarry* was worked in strata in this 
subdivision, and the hard grey flagstones occur in other parts of the Coal Field, 
and form some of the highest beds, as at Upholland, where they occur at the east end 
of the tunnel. 

All traces of the quarry have now been onal up, but forty years ago a good 
section of the strata was exposed, and 50 feet of grey micaceous flagstones, with some 
6 feet of shale near the top, formed an anticlinal arch parallel with the railway, with the 
beds dipping to the east and west. The surfaces of many of the beds were beautifully 
ripple-marked, and tracks of Annelids were abundant. Some curious casts, supposed 


to have been those of the burrows of bivalves, and Calamites Cistu, Brongt., were of 


common occurrence. The strata exposed in the quarry were more fully shown in the 
railway cutting from Huyton to St Helens, about 200 yards farther north, where the 
grey flagstones were found to be 60 feet thick, with 10 feet of shale and a thin bed of 
coal (1 foot 6 inches) over them. The beds were found tc dip at various angles to the 
south-east, and included some that were worked below the bottom of the old quarry. 
Shales and flagstones, with the seams of coal known as “‘ Mountain Mines,” occur at a 


considerable depth below the Huyton flagstones, which are 240 feet below Little Delf 


Coal at the base of the Middle Coal Measures. 

The Lower Coal Measures are continued at the surface from Huyton Quarry to the 
east of Prescot over a large area about Hurst House and the Hazels. Another area, 
forming the eastern portion of Knowsley Park, belongs to the same subdivision. Near 
Hag Delf, in the Park, a little east of the Stand Quarry, a bed of coal (2 feet 4 inches), one 
of the “Mountain Mines,” occurs, and is said to have been worked about a hundred years 
ago. The old pit banks remain, and traces of iron smelting occur at the same place ; but 
trees have grown over the spot, and little is known as to when the coal and ironstone 
were worked. The highest beds occur along the eastern boundary of the Park, par- 
ticularly about Trap Wood, where flagstones and shales have been exposed, though little 
can be seen of them now, and much less of the strata in the Park generally than when 
explored in 1862. , 

There is a considerable area, several square miles, of the Lower Coal Measures 
between Prescot and Parbold ; and the Liverpool and Yorkshire Railway presents a fine 
section of them at Pimbo Lane Station, which was originally described by Mr Binney, who 
found here Goniatites Listeri and Aviculopecten papyraceus, fossils characteristic of the 
horizon. The beds are exposed in a deep cutting, and consist of black shales, micaceous 


* A Station on the Liverpool and Manchester Railway. 
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flaggy sandstones, and two or three thin beds of coal. To the south of Pimbo Lane is 
Billinge Hill, where there are quarries in the sandstone near the Beacon, which is on the 
highest ground, 593 feet above Ordnance datum. Probably, in consequence of the 
predominating sandstones, the subdivision forms an elevated district, and good sections of 
the strata are of frequent occurrence. In the Geology of Wigan,* Professor Huu. 
gives a section through the Lower Coal Measures at Billinge, which shows the thickness 
of the successive beds, and that they are altogether 1881 feet thick. There are six beds 
of coal, the Upper Mountain Mine being 2 feet, and the Lower Mountain Mine being 2 
feet 8 inches thick, with four intermediate seams, much too thin to be worked. Ina 


sandstone quarry near the top of Billinge Hill, Calamites,t Bothrodendron, and Lepido- 
dendron have been found. 


MIDDLE or PropuctivE CoAaL MEASURES. 


The Middle Coal Measures form the most important subdivision, economically 
considered, for they contain all the valuable beds of coal. They extend from near 
Huyton and south of St Helens, many miles to the north-east, forming two projections, 
bounded on each side by the Trias, a few miles to the east of Liverpool. Although there 
are many quarries and small exposures where they may be seen, there is no important 
section showing a great thickness of the beds and the relative position of the various 
shales, sandstones, and coal seams. The whole of the strata between the Lyon’s Delf 
Coal at the top, and the Inttle Delf Coal or Arley Mine at the bottom, are considered 
to constitute the subdivision. . 

The Middle Coal Measures at Prescot are the nearest to Liverpool, and may be adopted 
as a scale for comparison with those at St Helens and Wigan, and the coal seams at each 
of these places have been correlated with those on the same horizon, though they are 
usually known by different names, which were originally given to them before it was 
possible to ascertain their relative position in the Coal Field. The following General 
Section, compiled from the Geological Survey Memoirs, is the final result of observa- 
tions extending over many years. 

The section given on the opposite page shows that the Middle Coal Measures are 
thinner at Prescot than at St Helens, where the coal seams are at greater distances 
from each other, while at Wigan there is a still greater expansion of the series. It also 
shows the equivalent of each coal seam at Prescot, St Helens, and Wigan; as, for 
example, that the Tenlands Coal at Prescot becomes the Ravenhead Coals at St Helens, 
and the Wigan 5-feet Mine at Wigan; and that the Little Delf Coal at the two former 
places becomes the Arley Mine, or Orrell 4-feet at the latter place. The succession of 
the coal seams could only have been ascertained from the records obtained in sinking 

* Memorrs of the Geological Survey. 


+ The Liverpool Museum contains specimens of Calamites Suckowti and Bothrodendron (decorticated) from this locality. 
—R. K. 


RAVENHEAD COLLECTION IN THE BROWN FREE LIBRARY AND MUSEUM. 395 


- GENERAL SECTION OF THE CoAL MEASUREs. 


Prescot. Thickness. St Helens. Thickness, Wigan. Thickness. 
Ft. In. | Ft. In. Ft. In. 
| Lyon’s Delf coal, 2 8) Riding Mine coal, 3 8 
Strata, . 0 0 Strata, :, 47 4 Strata, : 36 0 
Felcroft coal.* . 7 0} London Delf coal, 2 6) Ince Yard Mine, 2 6 
Strata, . 96 0 Strata, 86 2 Strata, 108 O 
Pastures coal, 4 6)| Potatoe Delf coal,* . 5 3] Ince Four-Feet coal, 3. 6 
Strata, . 30 Strata, ‘ 41 9 Strata, 150 9 
Discoverer coal,* 38 0) Earthy Delf coal,* . 6 2) Ince Seven-Feet coal, 6 0 
Strata, . 57 0 Strata, 65 0 
Yard Mine coal, 3 211 Coal, 2 0 Strata, 71 «5 
Strata, 42 0 Strata, 53 0 
Cannel Mine coal, ae 5 911 Coal,* 6 4] Wilcock, or Furness 
coal,* 4 7 
Strata, . 75 0 Strata, , 147 8 Strata, 252 0 
Higher Bug coal, 6 6 Bt Main coal, 
Cannel coal, 2 3 Feet Mine, 54 
Strata, . 6 0 Strata, ; 21 3 Strata, 30 9 
Lower Bug coal, 3 6)| Four-Feet coal, 3 2] Little coal 2 6 
Strata, 69 0 Strata, 56 0 Strata, 45 1 
Little End, or Cheshire Pigeon House coal, . 2 0|| Pemberton  Four- 
coal, Feet coal, 4 6 
Strata, . 252 0 Strata, 275 7 Strata, 387 0 
Ravenhead Higher 
coal, 3 10 Wi Five - Feet 
Tenlands coal,* . 12 6 Strata, : 4 2 are av SSS 5 0 
Ravenhead Main 
Delf coal, 7 
Strata, . 80 0 Strata, 73 0 Strata, 90 0 
Bastion’s coal,* . 4 0) Bastion’s coal,* 4 3) Wigan Four - Feet 
Mine, 4 0 
Strata, 22 0 Strata, 72 0 
Strata, . 100 0||J Higher Roger coal, * 6 6] Wigan ‘Nine - Feet 
Mine,* ; 9 0 
; Strata, 123 0 
Sir John coal,* . 3 Sir John coal, . 3 4 Strata, 280 0 
Strata, . ' 50 0) Strata. 57 0 
Prescot Main coal,* . 10 0) Flaggy Delf coal, 4 8) Cannel and a 
| coals,* 6 0 
Strata, 78 0 Strata, 66 0 
Lower Roger coal, + 5 3] Ravin Mine, . 3 0 
| Strata, 168 0 
Strata, . 240 0 Strata, 333. 8] Haigh Yard coal, 3 0 
Strata, 150 0 
Bone coal, 2 3 
Strata, 7 8 
Rushy Park coal, 5 0| Rushy Park coal, 4 6] Orrell Five-Feetcoal, | 3 6 
Strata, . 150 0 Strate, 162 0 Strata, 186 0 
Little Delf coal, 3 0] Little Delf coal, 3 0| Arley Mine, Orrell 
Four-Feet, 4 0 
1320 6 1739 3 2172 10 


* Contain beds of shale, 


worth working. 


or coal of inferior quality. Coal seams under 2 feet in thickness are omitted, not being 


| 
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the shafts of pits, and from borings, though there are many places where the outcrops 
of beds of coal may be seen at the surface and the associated strata examined. 

In 1870 the Ravenhead Higher Coal and the Ravenhead Main Delf Coal at Thatto 
Heath, were both exposed during the construction of the Huyton and St Helens 
Railway, though when it was finished the sides of the cutting were levelled, and traces 
of the coal seams almost obliterated. The following is a section of the strata (fig. 2), 
and the locality will always be of local interest on account of the numerous fossil plants 
that have been obtained there through the patient industry of the Rev. H. H. Hieerns, 
who fortunately resided so near the place that he was able to visit it almost daily for 
several months. 


Boundary Fault. 
Thatto Heath 
Fault, 300 feet ? 


Station. 


1. Pigeon House Coal. 2. Ravenhead Higher Coal. 3. Ravenhead Main Coal. 4. Bunter Pebble-Beds. 
5. Thatto Heath Sandstone. 6. Shales and Sandstone. 7. Fossil Trees. 


Fic. 2.—Coal Measures at Ravenhead, St Helens. (Scale, 12 inches to 1 mile in length.) 


The position of the coal seams is shown on the sketch (fig. 2), and that of a remark- 
able line of trunks of trees in the position in which they originally grew, usually about 
4 or 5 feet high from the roots upwards, and about 8 feet below the Ravenhead Main 
Coal. It was principally in the black shales and in ironstone nodules below the coal 
seam and below the trees that the plant remains were found, and the number of species 
collected within such a restricted space was extraordinary. The collection when com- 
pleted was presented by the Rev. H. H. Hiearns to the Liverpool Free Public Library 
and Museum, where it is known as the “ Ravenhead Collection.” Two wings of an 
orthopterous insect, Protophasmida, from the same beds as the plants, are also preserved 
in the collection. 

In the Geology of Wigan, Professor Hutt describes several sections where coal 
seams might be seen cropping out at the surface, but that of the Ince 7-feet Coal, in 
a cliff above Leyland Mill, nearly two miles north of the railway station, is the only 
one that is now well exposed, and may be seen from the road with a series of associated 
shales and sandstones. The Middle Coal Measures may be seen to advantage in a 
large quarry on the south-west of St Helens, where Messrs Dovutron & Co. obtain 
clay for making bricks and tiles; the strata are here nearly 118 feet in thickness. 
The highest beds consist of sandstone, with a great series of shales and thin sand- 
stones below, and three thin seams of coal about the middle. They are all above the 
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Rushy Park Coal, which is about 200 feet below the lowest beds visible. Plant remains 
are numerous in the shales, and on one side of the quarry two upright trunks of trees 
are exposed. 

In the Middle Coal Measures there are a few species of Mollusca,—Anthrocosia 
robusta being the most common; they usually occur in thick bands and extend a con- 
siderable distance from one coal pit to another, particularly a band above and another 
below the Rushy Park Coal. Fish remains also occur in many localities, but direct 
search has not been made for them, though there is little doubt that the scales and teeth 
of small species would be found of common occurrence, and those of Celacanthus, 
Gyrolepis, and Platysomus have been already recorded from several localities. 


Upper CoaL MEASURES. 


These consist of red and purple shales, clays, and sandstones when seen within 200 
or 300 feet from the surface, probably coloured by the infiltration of ferruginous water 
from the overlying Permian or Trias, but of black shales and grey sandstones where 
brought up during borings and the sinking of shafts. The first exposure is in the 
cutting of the Liverpool and Manchester Railway, between Rainhill and Marshall’s Cross 
stations, and the strata are principally of a red colour. They may occasionally be seen 
in small openings about the reservoirs south of St Helens, but as there are no coal 


~ 


— 


~ 
~ 


= : = Soft crumbly metal. 


Fic. 3.—Permian or Trias on Coal Measures, Haydock. (Scale, 1 inch to 6 feet.) 


seams of sufficient thickness to be worth working, and the strata of little economic 
importance, they are seldom exposed. At Collin’s Green and Bold, shafts have been 
sunk through the base of the Trias and the whole of the Upper Coal Measures into the 
Middle Coal Measures beneath, and both have afforded accurate sections and proved the 
thickness of the strata at these two places, which are about a mile apart. Mr A. 
STRAHAN, in the Geology of Prescot (2nd edition), gives the details of each section, 
and the débris from the shafts still remains on the surface. The strata consist of 
various shales and sandstones, with a red stain for some distance below the surface, but 
as the depth increases they gradually present the usual black and grey coloured shales, 
In both the Collin’s Green and Bold sections there are numerous thin beds of coal, 
varying from 1 to 24 inches in thickness. A shaft was sunk at Haydock a few 
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years ago, passing through the Trias for 101 feet into the Upper Coal Measures, but did 
not reach any coal seams. At the end of a heading 327 feet from the surface, the 
Permian or Trias was found resting unconformably on the Upper Coal Measures, as 
shown in fig. 3. 

These important sections prove the thickness of the subdivision to be about 
1200 feet, and that in any future sinking or boring through the Trias for the purpose 
of obtaining coal, the occurrence of that amount of unproductive strata may be expected 
before the productive Coal Measures are reached. 


SYNOPSIS OF SPECIES.* 
Calamarie. 
Calamites, Suckow. 


Group l—Calamitina, Weiss (Zmend.), 1884, Steinkohlen Calamarien, 
part u. p. 59.T 


Calamitina (Calamites) varians, Sternb., var. inconstans, Weiss, 
Pl. I. figs. 1, la. 


Calamites (Calamitina) varians inconstans, Weiss, Steinkohlen-Calamarien, part ii. pp. 62 and 69, pl. xvi.a, 
figs. 7, 8; pl. xxv. fig. 2, 1884. 
Calamites varians, Sternb., Vers., ii. p. 50, pl. xii. (ent). 


Cyclocladia major, Feistmantel (not L. & H. (1), (in part), Vers. d. bohm. Ablager., Abth. i. pl. i. 
fig. 8. 


Calamitina Gopperti, Weiss. (not Ettingshausen), Steinkohlen Calamarien, part i. pl. xvii. figs. 1, 2, 
1876. 


Description.—Internodes broader than long, faintly striate, periods of six to fourteen 
non-branch-bearing nodes between each verticel of branch-scars; branch-scars oval, 
approximate, with a more or less central circular cicatrice ; the internode at the base of 
the period is the shortest, the next succeeding internodes have generally a slight increase 
in their length, but sometimes their increase in length is irregular, the uppermost one is 
generally the longest ; leaf-scars contiguous or slightly distant, transversely oval or sub- 
triangular. | 

Remarks.—The only specimen of this species in the collection is shown natural size 
on Pl. I. fig. 1, and measures about 32 cm. in length. It shows two complete and 


* In the Ravenhead collection are several ferns which are specifically distinct from any included in this list, but 
are too fragmentary for any satisfactory determination. 


t In Abhandl. z. geol. special-karte v. Preussen wu. Thiiringischen Staaten, Band v. part ii. 
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two incomplete periods. The lengths of the internodes entering into the composition 
of the specimen are as follow :— 


mm. 
r Internode 1 8°50 
2 5 
3 6°50 
4 5°50 
5 4°50 
Period incomplete. - 5 
7 3 
8 4 
9 3°50 
3 
| 3 
» 4&3 7 Node with branch-scars. 
6 
8°50 
8 
8 
Period complete. . 7-50 
7 
5 
4:50 
4 
3°50 
7°50 Node with branch-scars. 
8 
11 
| 12 
12°50 
12 
Period complete. 11°50 
11 
10°50 
8°50 
9°50 
6°50 
5 
9°50 Node with branch-scars. 
19 
Period incomplete. - 99-50 
17 
321°50 mm. 


{am not certain that the full width of the specimen is shown at any part. On the 
right-hand side the true margin of the fossil is seen, on the left, from the manner in 


Which the matrix has splintered off, it is difficult to decide as to whether the full 
VOL. XXXV. PART II. (NO. 10). 3X 


. 
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width of the stem is preserved, though it possibly may be at the two parts marked 
with a +. 

I at first regarded this specimen as the type of a new species, chiefly on account of 
the subtriangular leaf-scars, but before raising it to that rank I forwarded a sketch of 
the plant to Dr Weiss, Berlin, who kindly examined it, and now informs me that he 
believes the “ Ravenhead” specimen cannot be separated from Calamitina varians, var. 
inconstans. He further states that he has observed the subtriangular form of the leaf- 


scars on other specimens, and he believes it to be the result of pressure, which has 
brought about a slight distortion. 


Calamitina (Calamites) varians, Sternb., var. 
Calamiies varians, Sternb., Vers., ii. p. 50. 


Calamitina (Calamites) approximatus, Brongt. 
Calamites approximatus, Brongt. (in part), Hist. d. végét. foss., p. 133, pl. xxiv. figs. 2, 3, 4, 5. 


Group IlL—Eucalamites, Weiss, 1884, Steinkohlen Calamarien, 
part ii. p. 96. | 


Eucalamites (Calamites) ramosus, Artis. 


Calamites ramosus, Artis, Antedil. Phyt., pl. ii. 

Calamites (Eucalamites) ramosus, Weiss, Steinkohlen Calamarien, part ii. p. 98, pl. ii. fig. 3; v. figs. 1, 2 
vi.; vil. figs. 1, 2; viii. figs. 1, 2, 4; ix. figs. 1, 2; x. fig. 1; xx. figs. 1, 2. 

Calamites (Eucalamites) ramosus, Kidston, 7’rans. Roy. Soc. Edin., vol. xxxiii. p. 341. 

Calamites nodosus, L. & H., Fossil Flora, vol. i. pls. xv., xvi. 


As foliage :— 


Annularia radiata, Brongt., Prodrome, p. 156. 


Group Ill.—Stylocalamites, Weiss, 1884, Steinkohlen Calamarien, 
part i. p. 119. 


Stylocalamites (Calamites) Suckowii, Brongt. 


Calamites Suckowii, Brongt., Hist. d. végét. foss., p. 124 (pl. xiv. fig. 6%), pl. xv. figs. 1-6; pl. xvi. 
figs. 2, 3, 4 (fig. 1%). 

Calamites Suckowii, Geinitz, Vers. d. Steinkf. in Sachsen., p. 6, pl. xiii. figs. 1-6. 

Calamites Suckowii, Weiss., Steinkohlen Calamarien, part i. p. 123, pl. xix. fig. 1, 1876; part ii. p. 129, 
pl. ii. fig. 1; pl iii. figs. 2, 3; pl. iv. fig. 1; pl. xxvii. fig. 3 (1884). 

Calamites Suckowii, Zeiller, Flore foss. du bassin houiller de Valenciennes, p. 333, pl. liv. figs. 2, 3; 
pl. lv. fig. 1. 


RAVENHEAD COLLECTION IN THE BROWN FREE LIBRARY AND MUSEUM. 401 


Stylocalamites (Calamites) undulatus, Sternb. 


Calamites undulatus, Sternb., Vers., i. fasc. 4, p. xxvi.; Vers., ii. p. 47, pl. i. fig. 1 (pl. xx. fig. 8 4). 

Calamites undulatus, Brongt., Hist. d. végét. foss., p. 127, pl. xvii. figs. 1-4. 

Calamites undulatus, Sauveur, Végét. foss. d. terr. houiller de la Belgique, pl. v. figs. 1-3; pl. viii. fig. 1. 

Calamites undulatus, Zeiller, Flore foss. du bassin howiller de Valenciennes, p. 338, pl. liv. figs. 1 and 4. 

(?) Calamites decoratus, Brongt. (in part), Hist. d. végét. foss., p. 123, pl. xiv. figs. 3, 4. 

Calamites (Stylocalamites) Suckowii, var. undulatus, Weiss, Steinkohlen Calamarien, part ii. pp. 129, 
134, 135, pl. xvii. fig. 4. 


Calamites canneformis, Roehl (not Schlotheim) (in part), Foss. Flora d. Steink. Form. Westph., p. 12, 
pl. ii. fig. 3. (In Paleont., vol. xviii.) 


Calamites inequus, Achepohl., Niederrh. Westfil. Steinkohl., p. 114, pl. xxxiv. fig. 15. 
Calamites duplex, Achepohl., Niederrh. Westfal Steinkohl., p. 135, pl. xli. fig. 11. 


Remarks.—I previously regarded Calamites undulatus, Sternb., as a varietal form— 
probably of Calamites Suckowu, Brongt.—but now believe it to be a distinct species. 
Calamites undulatus is most easily distinguished from Calamites Suckoww by the ribs 
being undulate (but this character may be removed by pressure), and by their termin- 
ating at the nodes in sharp triangular points—not being rounded, as in Calamites 
Suckowns. 

Stylocalamites (Calamites) Cistii, Brongt. 


Calamites Cistii, Brongt., Hist. de végét. foss., p. 129, pl. xx. 
Calamites Cistii, Zeiller, Flore foss. du bassin houiller de Valenciennes, p. 342, pl. lvi. figs. 1, 2. 


Calamocladus, Schimper. 


Calamocladus equisetiformis, Schloth., sp. 


Calamocladus equisetiformis, Schimper, Traité d. paléont. végét., vol. i. p. 324, pl. xxii. figs. 1-3. 

Asterophyllites equisetiformis, Zeiller, Flore foss. du bassin houiller de Valenciennes, p. 368, pl. Iviii. 
figs. 1-7, 

Casuarinites equisetiformis, Schloth., Flora d. Vorwelt, p. 30, pl. i. figs. 1, 2; pl. ii. fig. 3. 


Calamocladus grandis, Sternb., sp. 


Calamocladus grandis, Schimper, Traité d. paléont. végét., vol. i. p. 325. 
Asterophyllites grandis, Zeiller, Flore foss. du bassin houiller de Valenciennes, p. 376, pl. lix. figs. 4-7. 
Bechera grandis, Sternb., Vers., i. fasc. 4, p. xxx. pl. xlix. fig. 1. 


Calamocladus lycopodioides, Zeiller, sp. 
Asterophyllites lycopodioides, Zeiller, Flore foss. du bassin houiller de Valenciennes, Atlas, pl. lix. figs. 1, 2 
(1886) ; Text, p. 380 (1888). 
SPHENOPHYLLEZ. 


Sphenophyllum, Brongt. 
Sphenophyllum cuneifolium, Sternb., sp. 


Sphenophyllum cuneifolium, Zeiller, Flore foss, du bassin houiller de Valenciennes, p. 413, pl. xii. fig. 1 ; 
pl. lxiii. figs. 1-10 (includes varieties). 
Rotularia cuneifolia, Sternb., Vers., i. p. 33, pl. xxvi. figs. 4a, 40. 
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FILICACE. 
Sphyropteris, Stur, 1883. 


Sphyropteris, Stur, Morph. u. Syst. d. Culm. u. Carbon Farne, p. 23 (in Ixxxviii. vol. Sitzb. d. k. Akad. 
d. Wissensch., 1 Abth.). 

Sphyropteris, Stur, Carbon Flora, vol. i. p. 16. 

Sphyropteris, Zeiller, Flore foss. du. bassin houiller de Valenciennes, p. 31, fig. 17. 


Description.—Sporangia free, exannulate, globular or hemispherical, placed in rows 
on oblique, levated bands, which are borne on a narrow membranous expansion, ter- 
minating the pinne and_pinnules, and placed at right angles to them. Sporangia walls 
composed of elongated cells, which diverge from a terminal depression (pore ¢). 

Remarks.—This peculiar genus is represented in the Ravenhead Collection by a 
single, but fortunately well-preserved specimen, of Sphyropteris obliqua, Marrat, sp. 
(=Sphyropteris Crépini, Stur). This example gives some additional information in 
regard to the structure of the sporangia. These are globular or perhaps hemispherical, 
as they seem to be attached by a base whose width is equal to the diameter of the 
sporangia, the cells of whose walls radiate from a central depression (PI. I. figs. 3¢ and 
3d). This central depression is too constant to be accidental, and I can only explain 
it by supposing it to be an apical pore for the dissemination of the spores, similar to 
what occurs in the fossil genus Urnatopteris and in the recent genus Danea. 


Sphyropteris obliqua, Marrat, sp. 
Pl. I. figs. 3, 3a, 3b, 3c, 3d. 


Sphenopteris obliqua, Marrat, Proc. Liverpool Geol. Soc., Session 13, 1871-72, p. 99, pl. ix. fig. 3, 1872. 
Sphyropteris Crépini, Stur, Morph. u. Syst. d. Culm. u. Carbon Farne, p. 24, fig. 6c, 1883. 
Sphyropteris Crépint, Stur, Carbon Flora, vol. i. p. 18, pl. xxxix. figs. 1, la.; text, fig. 6c, p. 16, 1885. 


Description.—Frond tripinnate, pinna alternate, lanceolate ; pinnules broadly oval, 
uppermost almost simple or slightly dentate, lower divided into 4—6 truncate lobes, which 
are occasionally notched; veins indistinct, but apparently one enters each lobe. 
Sporangia as described above, and placed on obliquely elevated bands, which are situated 
on linear membranous expansions placed at right angles to the extremities of the 
pinnules or terminating the pinne. 

Remarks.—Pl. I. fig. 3a, gives an enlarged view of an ultimate pinna, magnified five 
times. T'wo of the pinnules and the apex of the pinna each bear one of the linear sporangial 
expansions. At fig. 3b, one of these sporangial bands is shown enlarged 7} times. The 
left half of the band was not so well preserved as the right half, and on it the sporangia 
were a good deal displaced, but on the right and better preserved portion three elevated 
ridges are clearly shown, on two of which are borne three sporangia each, and on the 
terminal one two have been developed. Their number may, however, vary. 
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There is no recent genus with which Sphyropteris can be compared in the arrange- 
ment of its sporangia and the peculiarly developed sporangial band. In the structure 
of the individual sporangia, however, they are clearly shown to be Marattiaceous, and 
in their apparently opening by a terminal pore, they show some similarity to the 
sporangia of the recent Danea. 

Sphyropteris Crépim, Stur, does not appear to differ in any character from 
Sphyropteris obliqua, Marrat, sp. 


Zeilleria, Kidston. 
Zeilleria delicatula, Sternb., sp. 


Zeilleria delicatula, Kidston, Quart. Jour. Geol. Soc., vol. xl. p. 592, pl. xxv. 
Zeilleria delicatula, Kidston, Catal. Paleoz. Plants, p. 66, 
Sphenopteris delicatula, Sternb., Vers., i. fase. ii, p. 30, pl. xxvi. fig. 5; fase. iv. p. xvi. 


Sphenopteris, Brongt. 


Sphenopteris Sauveurii, Crépin. 


Sphenopteris Sauveurii, Crépin, Bull. Soc. Roy. Bot. de Belgique, vol. xix. part ii. p. 17. 
Sphenopteris Sauveurii, Crépin, ibid., vol. xx. part ii. p. 26. 
Sphenopteris Sauveurii, Zeiller, Flore Joss. d. bassin houill. d. Valenciennes, p. 79, pl. ix. fig. 6.1 * 


Sphenopteris trifoliolata, Artis, sp. 
Sphenopteris trifoliolata, Brongt., Prodrome, p. 51. 
Filicites trifoliolatus, Artis, Antedil. Phyt., pl. xi. 


Remark.—For notes on Sphenopteris trifoliolata, see the following species. 


Sphenopteris Marratii, Kidston, n. sp., 
Pl. II. figs. 1, 2. 


Sphenopteris-Gymnogrammides, Proc. Liverpool Nat. Field Club for 1870-71, frontispiece, fig. 1, 1871. 
Sphenopteris trifoliolata, Marrat (not Artis), Proc. Liverpool Geol. Soc., Session 13, 1871-72, p. 98, 1872. 


Description.—Frond bi- or tripinnate, pinne linear lanceolate, alternate; pinnules 
small, of firm texture, opposite or alternate, obovate, obcordate, or trilobate ; the pinnules 
towards the base of the pinne stalked, the uppermost pinnules sessile or attached by a 
wide pedicle-like contraction of the pinnule. Main rachis of primary (?) pinne or 
frond (?) moderately thick, the other rachis thin. Venation not shown. 

Remarks.—There is no more difficult class of fossils to determine accurately than 
the small pinnuled Sphenopterids, and it is only after a good deal of consideration that I 
have come to the conclusion that a new s aaeaee name must be applied to the two 
specimens given on PI. II. figs. 1, 2. 

Sphenopteris Marratii appears to me to be altogether different from Sphenopteris 


* A fall synonymy is given here by M. ZEILLER of this much-confused and many-named species. 


404 MR ROBERT KIDSTON ON THE FOSSIL PLANTS IN THE 


trifoliolata, Artis, sp., with which it had been previously identified. In this latter 
species the pinnules are much larger and characteristically trilobate, and the plant has a 
different mode of growth,—the importance of these characters, though difficult to describe 
adequately in words, are very obvious when actual specimens of the two plants are 
compared. The type figure of Sph. trifoliolata* is a very characteristic drawing of the 
plant, and shows the differences more clearly than can be pointed out in a written 
description. 

In Pl. Il. fig. 1, the pinnez have an almost linear outline, while in Sphenopteris 
trifoliolata they are more deltoid. Some of the pinnules of Sphenopterrs Marratu, 
especially on the upper pinne, are trilobate (fig. 1b), but on the lower pinne, where the 
trilobate pinnules are characteristic in Sph. trifoliolata, they do not occur on Sph. 
Marratu, or only very rarely. 

Fig. 2 is from another small specimen of the same species, and shows portions of 
two pinne, evidently belonging to a lower part of the frond than that from which fig. 1 
has been derived. It is laxer in its growth, the ultimate pinne and pinnules are more 
distant, but still possess the same characters as those of fig. 1. 

The pinnules at the base of the pinne are often notched or obcordate, those higher on 
the pinnz obovate. The terminal pinnules are blunt, and frequently lobed. The number 
of pinnules on the ultimate pinne varies according to the position of the pinne on the 
frond. 

Fig. 1 is probably the terminal portion of a frond, though it may be only the 
termination of a primary lateral pinna. 

Sphenopteris Marrati may possibly be the same plant as that figured by Srur as 
Sphenopteris trifoliolata,t but in the absence of enlarged drawings of the pinnules of his 
fern, one cannot be certain of their identity. One point, however, is certain, that the 
fern named Diplothmema trifoliolatum, Artis, sp., by Srur, is not that plant. 

Of the references Stur gives for Sphenopteris trifoliolata, Artis, sp., only that to 
Artis’ figure is correct. The Sphenopteris numularia figured by ANDRa&,} and the 
Sphenopteris trifoliolata given by Bronentart,§ not being referable to ARTIS’ species. 
In fact, Sphen. trifoliolata, Artis, sp., seems to be very much misunderstood on the 
Continent. 

Since preparing the catalogue of Palzozoic Plants in the British Museum, I have had 
considerable opportunities of examining specimens of Sphen. trifoliolata, and now think 
that none of the figures issued under this name by ANDR4&,|| RoEHL,1 or Broneniart ** 
belong to that plant. 


* Antedil. Phyt., pl. xi. 
+ Carbon Flora, p. 346, pl. xix. figs. 1-4 (Diplothmema trifoliolatum). 
Vorwelt Pflanzen, pl. xi. 
§ Hist. d. véget. foss., pl. liii. fig. 3. 
|| Vorwelt Pflanzen, pl. ix. figs. 2-4. 
I Foss, Flora d, Steink. Form. Westph., pl. xvi. figs. 3 and 16. 
** Hist. d. véget. foss., pl. liii. fig. 3. 
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ZEILLER, in his- admirable work on the Flore foss. d. bassin houill. d. Valenciennes, 
gives, on his pl. i. figs. 1-4, drawings of a fern he identifies as Sphenopteris trifoliolata, 
Artis, sp. None of these figures are, however, according to my view, referable to the 
true Sph. trifoliolata, but to Sph. obtusiloba. Though the pinnules of some of ZEILLER’s 
figures show a trilobate segmentation, they are much more solid, and altogether want 
the light and diffuse appearance of the pinnules of Sph. trifoliolata. I also fear that 
the union of Sph. numularia with Sph. trifoliolata, as proposed by ZEILLER, is inad- 
missible. I am led to this conclusion from the examination of specimens of Sph. 
trifoliolata from the same horizon as that from which the type was procured, and 
therefore do not think that I can be mistaken in the characters of the true plant. 

Sphenopteris Marratu approaches very closely to Sphenopteris (Diplothmema) 
avoldensis, Stur,* but seems to differ from it in the pinne and pinnules being more 
obtuse, and according to the description of Sphen. avoldensis, Stur, sp., it must have 
been of more delicate texture. Dr Stur here again gives no enlarged drawings of the 
segmentation of his species, without which a satisfactory comparison of these small 
pinnuled Sphenopterids is almost impossible. 

I have pleasure in naming the Ravenhead species after Mr Marrat, who was the first 
to publish a list of the Ravenhead ferns. 


Sphenopteris obtusiloba, Brongt. 
Sphenopteris obtusiloba, Brongt., Hist. d. végét. foss., p. 204, pl. liii. fig. 2. 
Sphenopteris obtusiloba, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 65, pl. iii. figs. 1-4; pl. iv. 
fig. 1; pl. v. figs. 1, 2 (exclude syn. Sph. grandifrons, Sauv.). 
Sphenopteris irregularis, Sternb., Vers., ii. p. 63, pl. xvii. fig. 4. 
Sphenopteris trifoliolata, Zeiller (not Artis), Flore foss. d. bassin houill. d. Valenciennes, p. 75, pl. i. 
figs. 1-4. (Ref. in part.) i 


Remarks.—See notes appended to Sphenopteris trifoliolata. 


Sphenopteris mixta, Schimper. 


Sphenopteris mixta, Schimper, Traité d. paléont. végét., vol. i. p. 382, 1869. 

Sphenopteris mixta, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 95, pl. xii. fig, 3, 1886. 

Sphenopteris mixta, Lesquereux, Geol. Survey of Illin., vol. iv. p. £09, pl. xv. fig. 7, 1870. 

Sphenopteris mixta, Lesquereux, Coal Flora, vol. i. p. 276 (pl. liv. figs. 1-3 (1). 

Sphenopteris rigida (?), Lesquereux (not Brongt.), Geol. Survey of Illin., vol. ii. p. 435, pl. xxxix. figs. 5, 6. 

Sphenopteris (Aneimioides) (?) pulchra, Marrat, Proc. Liverpool Geol. Soc., Session 13, 1871-72, p. 101, 
pl. viii. fig. 1. 


Remarks.—In the Ravenhead Collection is a small specimen which I refer to this species. 
It appears to be similar to the fern figured under this name by ZEILLER in his Flore 
foss, d. bassin houill. d. Valenciennes. In the description of his specimen he mentions 
that the inferior surface of the pinnules is entirely covered with adpressed hairs. A 
similar structure occurs on the Ravenhead example, but is on the upper surface of the 
pinnules, 
* Carbon Flora, vol. i. p. 345, pl. xxiv. fig. 6. 
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Mr Lacor has kindly sent me a specimen of Sph. mixta, labelled as from the 
“ Sub-carboniferous of Clinton, Mv.” This series is below the Millstone Grit, and there- 
fore from a much lower horizon than that from which the British example originates. 
I have compared our plant most carefully with Mr Laocor’s specimen of Sphenopteris 
mixta, and in nervation and pinnule cutting it agrees entirely, and although the example 
sent me by Mr Lacok does not show the adpressed hairs, yet the surface of the pinnules 
have a roughened appearance, suggestive of the presence of hairs. LEsQUEREUX, in the 
original description of Sph. mixta, which he then identified as Sphen. rigida, Brongt. (°), 
says, ‘in our specimens the surface of the leaves is evidently rugose, as if it had been 
originally squamose or hairy.”* In his latest description in the Coal Florat he says, 
‘surface smooth or polished,” but at the same time gives his Sphen. rigida (Lesqx., not 
Brongt.) as a synonym to Sphen. mixta. ZEILLER thinks it probable that the fern 
LEsQUEREUX figures in the Coal Flora may not belong to Sphen. mixta, Schimper, but 
be a distinct species. On this question, in the absence of American specimens similar to 
those figured in the Coal Flora, I cannot enter. 

The Lancashire fossil has been named Sphenopteris pulchra by Mr Marrart in his 
list of the Ravenhead Ferns, but it does not differ in any point from Sphenopteris mixta, 
Schimper, as far as I understand this species. 


Sphenopteris coriacea, Marrat. 
Pl. I. figs. 4, 4a, 40. 
Sphenopteris coriacea, Marrat, Proc. Liverpool Geol. Soc., Session 13, 1871-72, p. 98, pl. ix. figs. 1-2, 
1872. 

Description.—Frond ...... ; pinne alternate, ovate-lanceolate, main rachis 
thick ; pinnules crowded on lower pinne, more distant on upper ones, contracted at the 
base, deltoid or lanceolate, coriaceous, basal pinnules divided into oblong lobes, the basal 
lobe much developed and directed towards the base of the pinna, and again divided into 
oblong simple or lobed segments ; in these pinnules the basal lobe is not much less than 
the other part of the pinnule. Upper pinnules oblong, and divided into 5-9 simple or 
lobed teeth; terminal lobe blunt, and not enlarged. Veins immersed, obscure. 


Sphenopteris Footneri, Marrat. 
Pl. II. figs. 3, 3a, 30. 


Sphenopteris Footneri, Marrat, Proc. Liverpool Geol. Soc., Session 13, 1871-72, p. 101, pl. viii. figs. 2, 3, 
1872. 
Description.—Frond tripinnate or decompound; rachis winged, flexuous; pinne 
alternate, narrow deltoid; pinnules oblong, of delicate texture, and divided into 8-7 
blunt segments, these in turn bear 2-4 blunt teeth, into each of which extends a vein; 


* Geol. Survey of Illin., vol. iv. p. 436. + Page 276. 
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the terminal lobe of the pinnule usually consists of two blunt equal lobes separated by a 
sinus. The pinnules become confluent on the upper pinne, and on the upper portion of 
the lower pinne. Veins distinct, flexuous. | 

Remarks.—This description is founded on the specimen figured here,—one of Mr 
Marrat’s types,—and on another specimen in my collection from the Middle Coal 
Measures, Claycross, Derbyshire, given me by Dr PEGLER, Stonebroom. 

Fig. 3 shows portion of a pinna, probably from the basal part of a frond. My 
Claycross specimen seems to show a portion of a frond near the apex. In that figured 
the pinnules are free, and attached to a broad winged rachis; in the Claycross example 
the pinnules are confluent on the greater number of the pinnae, like those on the apical 
portion of the pinna given at 3b. The venation is firm and distinct, and when the limb 
of the pinnule has been subjected to any decay before fossilisation, little more than the 
veins are preserved. 

This species is closely related to Sphenopteris gracilis, Brongt.,* from Newcastle-on- 
Tyne, especially as figured by ZEILLER,t and will likely require to be united with it, but 
as probably at an early date I may have further facilities for examining additional 
specimens, I meantime retain Mr Marrat’s name for the Ravenhead fern, though 
strongly of opinion that the plant should be referred to Sphenopteris (Renaultia) 
gracilis, Brongt. 

I have hitherto been unable to ascertain to which species Bronentart’s Sphenopteris 
gracilis really referred, and it is only since seeing M. ZEtLueEr’s figures that it has 


occurred to me that the Sphenopteris Footneri, Marrat, is most probably the Sphen. 
gracilis of Brongniart. 


Sphenopteris spinosa, Géppert. 
Sphenopteris spinosa, Gipp., Gatt. d. foss. Pflanzen, Lief 3-4, p. 70, pl. xii. 
Sphenopteris spinosa, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 135, pl. xv. figs. 1-3. 


Remarks.—The specimens are all very fragmentary. 


Sphenopteris furcata, Brongt. 


Sphenopteris furcata, Brongt., Hist. d. végét. foss., p. 179, pl. xlix. figs. 4, 5. 
Diplothmema furcatum, Star, Carbon Flora, vol. i. p. 299, pl. xxviii. figs. 2, 3. 


Diplothmema furcatum, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 147, pl. iv. figs. 5, 6; pl. 
v. fig. 4. 


Spenopteris multifida, Lindley & Hutton. 
Sphenopteris multifida, L. & H., Fossil Flora, vol. ii. pl. exxiii. 


Remarks.—In the Quart. Jour. Geol. Soc., vol. xl. p. 594, and in my Catalogue 
of Paleozoic Plants, p. 65, Ihave united this species with Urnatopteris tenella, Brongt., 
* Hist. d. végét. foss., p. 197, pl. liv. fig. 2. 


t Flore foss. d. bassin houill. d. Valenciennes, p. 94, pl. iv. figs. 2, 3. 
VOL. XXXV. PART II. (NO. 10). 3¥ 
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sp. Though not yet quite certain as to the true characters of the plant which was 
named Sphenopteris multifida by LinpLEY and Hutton, I believe that the fragments 
here recorded under this name are referable to that species; and if I am correct in this 
supposition, Sphenopteris multifida, L. & H., cannot be united with Urnatopteris tenella, 
Brongt., sp. 


Sphenopteris Sternbergii, Ett., sp. 
Asplenites Sternbergit, Ettingshausen, Steinkf. v. Radnitz., p. 42, pl. xx. figs. 2, 3, and 4 (pars). 
Pecopteris Sternbergii, Schimper, Traité d. paléont. végét., vol. i. p. 525. 
Alethopteris Sternbergii, Kidston, Catal. Palewoz. Plants, p. 138. 
Sphenopteris Sternbergii, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 128, pl. ix. fig. 5; pl 

xxxvill. fig. 6. 
Neuropteris, Brongt. 
Neuropertis heterophylla, Brongt. 

Neuropteris heterophylla, Brongt., Hist. d. végét. foss., p. 243, pl. lxxi.; pl. lxxii. fig. 2. 
Neuropteris heterophylla, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 261, pls. xliii. and xliv. 
Neuropteris Loshii, Brongt., Hist. d. végét. foss., p. 242, pl. xxii. fig. 1; pl Lxxiii. 
Cyclopteris trichomanoides, Brongt., Hist. d. végét. foss., p. 217, pl. lxi. bis, fig. 4. 


Neuropteris tenuifolia, Schlotheim, sp. 


Neuropteris tenuifolia, Brongt., Hist. d. végét. foss., p. 241, pl. Ixxii. fig. 3. | 
Neuropteris tenuifolia, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 273, pl. xlvi. fig. 1. 
Filicites tenuifolius, Schloth., Petrefactenkunde, p. 405, pl. xxii. fig. 1. 


Neuropteris gigantea, Sternberg. 


Neurupteris gigantea, Sternb., Vers., i. fasc. 4, p. xvi. 
Neuropteris gigantea, Brongt., Hist. d. végét. foss., p. 240, pl. lxix. 
Osmunda gigantea, Sternb., Vers., i. fasc. 2, pp. 33 and 36, pl. xxii. 


Neuropteris macrophylla, Brongt. 
Neuropteris macrophylla, Brongt., Hist. d. végét. foss., p. 235, pl. lxv. fig. 1. 
Neuropteris macrophylla, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 354, pl. xxi. fig. 2; pl. xxii. 
figs. 2, 3. 
Neuropteris dentata, Lesquereux. 
PL IL. fig. 5. 


Neuropteris dentata, Lesqx., Geol. of Pennsyl., 1858, p. 859, pl. v. figs. 9, 10. 

Neuropteris dentata, Lesqx., Coal Flora, vol. i. p. 82, pl. v. figs. 7, 8. 

Nephropteris denticulata, Marrat, Proc. Liverpool Geol. Soc., p. 104, 1871-72. 

(Unnamed), Higgins, Proc. Liverpool Nat. Field Club, frontispiece, fig. 13, for year 1871-72. 


Description.—Pinnules ovate, obtuse, truncate, or subcordate at the base, irregularly 
lacerate-dentate, the clefts occasionally extending some distance inwards from the 
margin. Veins dichotomous, flabellate, slightly arched in passing to the border, thin, 
close. 


Es 


4. 
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Remarks.—This species is only represented by a single pinnule, but it agrees so 
completely with LesQuEREUX’s description and figure that I have no doubt that the 
Ravenhead specimen is identical with LesquEREUX’s species. 

Neuropteris dentata is one of a group of Neuropterids whose pinnules have dentate 
or ciliate margins, and whose relationship to each other is not yet clearly made out. They 


usually occur in a very fragmentary condition. 
In my paper on the Fossil Flora of the Radstock Series, I have given three figures of 


what I believe to be the Newropteris fimbriata, Lesqx.* 

Heer describes two species which are very closely related to these, viz., Neuropteris 
(Cyclopteris) lacerata and Neuropteris (Cyclopteris) ciliata,t which perhaps should be 
referred to one or other of the American species. 


Odontopteris, Brongt. 
Odontopteris Reichiana, Gutbier. 


Odontopteris Reichiana, Gutbier, Vers. d. Zwick. Schwarzk., p. 65, pl. ix. figs. 1, 2, 3, 5, 7; pl. x. fig. 13. 

Odontopteris Reichiana, Weiss, Foss. Flora d. jiingst. Stk. u. Rothl., p. 32, pl. i. figs. 3-9. 

Odontopteris neuropteroides, Marrat (not Roemer, not Lesqx.), Proc. Liverpool Geol. Soc., Session 13, 
1871-72, p. 107, pl. vii. figs. 1, 2. 


?Odontopteris Britannica, Gutbier. 


Odontopteris Britannica, Gutbier, Vers. d. Zwick. Schwarzk., p. 68, pl. ix. figs. 8-11. 
Odontopteris Britannica, Weiss, Foss. Flora d. jiingst. Stk. u. Rothl., p. 45, pl. i. fig. 2. 


Mariopteris, Zeiller. 


Mariopteris muricata, Schloth., sp. 
Mariopteris muricata, Zeiller, Flore foss. d. bassin. houill d. Valenciennes, p. 173, pl. xx. figs. 1-4 ; 
pL xxi. fig. 1; pl. xxii. figs. 1, 2; pl. xxiii. fig. 1 (includes var. nervosa). 

Pecopteris muricata, Brongt., Hist. d. végét. foss., p. 352, pl. xev. figs. 3, 4; pl. xevii. 

Filicites muricatus, Schloth., Flora d. Vorwelt, pp. 52 and 55, pl. xii. figs. 21 and 23. 

Pecopteris nervosa, Brongt., Hist. d. végét. foss., p. 297, pl. xciv.; pl. xev. figs. 1, 2. 

Remarks.—Specimens of the typical form and of Pec. nervosa, Brongt., which is only 
a variety of Mariopteris (Pecopteris) muricata, are contained in the collection. 


Pecopteris, Brongt. 
? Pecopteris Miltoni, Artis, sp. 
Pecopteris Miltoni, Kidston, Trans. Roy. Soc. Edin., vol. xxxiii. p. 374. 
Filicites Miltoni, Artis, Antedil. Phyt., pl. xiv. 
Dactylotheca, Zeiller. 
Dactylotheca plumosa, Artis, sp. 
Filicites plumosa, Artis, Antedil. Phyt., pl. xvii. 


* Trans. Roy. Soc. Edin., vol. xxxiii. p. 361, pl. xxi. figs. 3, 4, 1888. 
t Flora fossilis Helvetie, p. 17, pl. vi. figs. 17 and 24. 
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Remarks.—I have previously placed Dactylotheca dentata, Brongt., sp., with this fern 

as a variety of it, and this view may be correct ; but it must be noted that Dactylotheca 

_ plumosa, Artis, sp., is the only form I have hitherto met with in the Middle Coal 
_ Measures, where it would appear Dactylotheca dentata is either absent or very rare. 
It is perhaps better to leave the relationship of Dactylotheca dentata and Dactylotheca 
plumosa to each other an open question till the subject has been more fully investigated.* 


Alethopteris, Sternberg. 
Alethopteris lonchitica, Schloth., sp. 


Pecopteris lonchitica, Brongt., Hist. d. végét. foss., p. 275, pl. lxxxiv. figs. 1-7 ; pl. exxviii. 
Alethopteris lonchitica, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 225, pl. xxxi. 
Filicites lonchiticus, Schloth., Flora d. Vorwelt, p. 55, pl. xi. fig. 22. 


Alethopteris lonchitica, Schloth., sp., var. decurrens, Artis, sp. 


Alethopteris decurrens, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 221, pl. xxxiv. figs. 2, 3; 
pl. xxxv. fig. 1; pl. xxxvi. figs. 3, 4. 
Filicites decurrens, Artis, Antedil. Phyt., pl. xxi. 


Pecopteris Mantelli, Brongt., Hist. d. végét. foss., p. 278, pl. Ixxxiii. figs. 3, 4. 

Pecopteris Mantelli, Lindley & Hutton, vol. ii. pl. exlv. 

Pecopteris heterophylla, Lindley & Hutton, Foss. Flora, vol. i. pl. xxxviii. 

Remarks.—ZEI..ER treats Filicites decurrens, Artis, as a distinct species, but I am 
much more inclined to regard it as a variety of Alethopteris lonchitica, Schloth., sp, 


Alethopteris Serlii, Brongt. 
Pecopteris Serlii, Brongt., Hist. d. végét. foss., p. 292, pl. Ixxxv. 


Rhacophyllum, Schimper. 


Rhacophyllum crispum, Gutbier, sp., forma lineare, Gutbier, sp. 
Fucoides crispus, Gutbier, Vers. d. Zwick. Schwarzk., p. 13, pl. i. fig. 11; pl. vi. fig. 18. 
Rhacophyllum Lactuca, Schimper, Traité d. paléont. végét., vol. i. p. 684; pl. xlvi. fig. 1; pl. xlvii. fig. 1 
(fig. 2%); vol. iii. p. 524. 
Fucoides linearis, Gutbier, Vers, d. Zwick. Schwarzk., p. 13, pl. i. figs. 10, 12. 


Remarks.—The specimens agree with the Fucoides linearis, Gutbier, which is most 
probably only a variety of Pucoides crispus, Gutbier. 


The fossil figured by Mr Marrat as “ Rootstock of a Fern”t is a fragment of 
Rhacophyllum, and what has been mistaken for “ paleze or chaffy scales” are stainings in 
the matrix, and not an organic substance. 


Megaphyton, Artis. 
Megaphyton frondosum, Artis. 
Megaphyton frondosum, Artis, Antedil. Phyt., pl. xx. 


* Since this was written, I believe I have evidence to show that “dentata” is most probably only a variety of 
Filicites plumosa, Artis,—April 1889. + Proc, Liverpool Geol. Soc., Session 13, 1871-72, pl. i. fig. 2, 1872. 


| 
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LYCOPODIACE2. 
Lepidodendron, Sternberg. 


Lepidodendron Sternbergii, Brongt. 


Lepidodendron Sternbergii, Brongt., Prodrome, p. 85. 

Lepidodendron dichotomum, Sternb, (in part), Vers., i. fasc. i. pp. 19 and 23, pls. i, ii. (excl. pl. iii.); Vers., 
ii, p. 177, pl. lxviii. fig. 1. 

Lepidodendron dichotomum, Zeiller, Flore foss, d. bassin houill. d. Valenciennes, pl. Ixvii. fig. 1. 


Lepidodendron aculeatum, Sternb. 


Lepidodendron aculeatum, Sternb., Vers., i. fasc. i. pp. 20 and 23, pl. vi. fig. 2; pl. viii. fig. 1B; fase. ii. 
p. 25, pl. xiv. figs. 1-4; fase. iv. p. 10. 
Lepidodendron aculeatum, Zeiller, Flore foss. d. bassin houill, d. Valenciennes, p. 435, pl. Ixv. 


Lepidodendron Haidingeri, Ettingshausen. 
Lepidodendron Haidingeri, Ettings., Steinkf. v. Radnitz., p. 55, pls. xxii. and xxiii. 


Remarks.—The collection contains several specimens of this species, of which I had 
previously only seen a single example from Shale over “ Hughes’ Vein,’ Cwmburla 
Colliery, near Swansea, which was collected by Mr Lewis, Swansea. 


Lepidostrobus, Brongt. 
Lepidostrobus variabilis, L. & H. 
Lepidostrobus variabilis, L. & H., Fossil, Flora, vol. i. pls. x. and xi. 


(?) Lepidostrobus Olryi, Zeiller. 
Lepidostrobus Olryi, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 502, pl. Ixvii. fig. 1. 


Lepidostrobus Geinitzii, Schimper. | 
Lepidostrobus Geinitzii, Schimper, T'rraité d. paléont. végét., vol. ii. p. 62 (excl. syn. L. comosus, L, & H.). 
Lepidostrobus Geinitzii, Zeiller, Flore foss. d. bussin houill. d. Valenciennes, p. 501, pl. 1xxxvi. fig. 2. 
Lepidostrobus variabilis, Geinitz (not L. & H.), Vers. d. Steinkf. in Sachsen, pl. ii. figs. 1, 3, 4. 
Lepidostrobus variabilis, Roehl (not L. & H.) (in part), Foss. Flora d. Steink. Form. Westph., pl. vii. 
fig. 2. 
Lepidostrobus variabilis, Feistmantel (not L. & H.) (in part), Vers. d. bohm. Kohlenab., pls. xiiii. 
and xliv. 


Lepidophloios, Sternberg. 
Lepidophloios carinatus, Weiss. 


Lepidophioios carinatus, Weiss, Foss. Flora d. jiingst. Stk, u. d. Rothl., p. 155. 
Lepidophloios carinatus, Kidston, Catal. Paleoz. Plants, p. 172. 
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Halonia, L. & H. | 
Halonia regularis, L. & H. 
Halonia regularis, L. & H., Fossil Flora, vol. iii. pl. eexxviii. 


Remarks.—Halonia regularis is merely the decorticated fruiting branch of a Lej- 
dophlovos. 
Lepidophyllum, Brongt. 
Lepidophyllum lanceolatum, Brongt. 
Lepidophyllum lanceolatum, L. & H., Fossil Flora, vol. i. pl. vii. figs. 3, 4. 


Bothrodendron, Lindley & Hutton. 


Bothrodendron minutifolium, Boulay, sp. 


Bothrodendron minutifolium, Zeiller, Bull. Soc. Géol. de France, 3° sér. vol. xiv. p. 176, pl. ix. figs. 1, 2, 
1885. 

Bothrodendron minutifolium, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 491, pl. xxiv. 
figs. 2-4, 1888. 

Bothrodendron minutifolium, Zeiller, Végét. foss. du terr. houill. de la France (Extrait du Tome IV. de 
Vexplantion de la carte géol. de la France), p. 117, 1879. 

Bothrodendron minutifolium, Kidston, Trans. Geol. Soc. Glasgow, vol. viii. p. 65. 

Rhytidodendron minutifolium, Boulay, Le terr. houil. du nord de la France et ses végét. foss., p. 39, pl. iii. 
figs. 1 and 1 dis, 1876. 

Rhytidodendron minutifolium, Renault, Cours d. botan. foss., Deuxiéme Année, p. 52, pl. xii. figs. 1, 2, 
1882. 

Lycopodium carbonaceum, O. Feistmantel, Vers. d. bohm. Kohlenab., Abth. ii. p. 9, pl. i. figs. 1 and 2 
(named on plate Lycopodites lycopodioides), 1875. 

Lycopodites selaginoides, Roehl (not Sternb.) (in part), Foss. Flora d. Steink. Form. Westph., p. 144, 
pl. vii. fig. 3, 1869. 

Lycopodites carbonaceus, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 495, pl. Ixxiv. fig. 1. 


Remarks.—In a previous paper,* while recording this species from Lancashire, I 
called attention to the error I made in uniting Bothrodendron with Sigillaria dis- 
cophora, Kénig, sp.t 

At Pl. II. fig. 6, is given a figure of a plant which was originally named Lycopodium 
carbonaceum by FEIstMANTEL. The same fossil has been figured more recently by 
ZEILLER (loc. cit.) under the name of Lycopodites carbonaceus, O. Feistm., sp. I have 
fully satisfied myself, from the examination of foliage branches of Bothrodendron 
minutifolium, which were associated with stems bearing the characteristic marks of the 
species, that the Lycopodium carbonaceuwm of O. FrIstMANTEL has been founded on 
foliage branches of Bothrodendron minutifolium. Although small branches of this 
Lycopod, bearing the foliage, are not uncommon, yet owing to the dense manner in 

* Geol. Soc, Glasgow, vol. iii. p. 65. 

+ See Annals and Mag. Nat. Hist., vol. xvi. p. 251, 1885. Note.—Since this paper was written I have seen 


specimens of Bothrodendron punctatum, L. & H., as well as of Bothrodendron minutifolium, from the Lower Coal 
Measures, Kilmarnock, Ayrshire. 
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which the leaves clothe the stem, it is seldom that one finds examples which show the 
form of the leaves clearly. In the specimen I figure they are well shown at the point 
marked with a +, and are enlarged five times at fig. 6a. The leaves are linear 
lanceolate, single nerved, and taper to a sharp point. I have little doubt, however, 
that their form will vary somewhat on different parts of the plant. 


Sigillaria, Brongt. 
Sigillaria tessellata, Brongt. 


Sigillaria tessellata, Brongt., Hist. d. végét. foss., p. 436, pl. clvi. fig. 1(%); pl. elxii. figs. 1-4. 
Sigillaria tessellata, Zeiller, Flore foss. d. bassin houill. d. Valenciennes, p. 561, pl. lxxxv. figs. 1-9; pl. 
Ixxxvi. figs. 1-6. 


Sigillaria mamillaris, Brongt., var. abbreviata, Weiss. 
Sigillaria mamillaris, Brongt., var. abbreviata, Weiss, Foss, Flora d. jiingst. Stk. u. d. Rothl., p. 165, pl. 
xv. figs. 1, 2. 
Sigillaria Arzinensis, Corda. 
Pl. L. fig. 2. 

Sigillaria Arzinensis, Corda, Flora Protogwa, p. 29, pl. lix. fig. 12 (figure inverted). 

Sigillaria Arzinensis, Goldenberg, Flora Sarepont. yoss., Heft ii. p. 44, pl. x. fig. 14. 

Sigillaria Arzinensis, Kimball, Flora from the Apalachian Coal Field, p. 16, pl. i. fig. 5. 

Sigillaria Arzinensis, Schimper, Traité d. paléont. végét., vol. ii. p. 93. 

Description.—Ribs arched, separated by straight furrows; leaf-scars ovate, lateral 
angles distinct but not very prominent; cicatricules slightly above the centre, the two 
lateral straight or slightly lunate, diverging, the central punctiform. On the ribs, 
extending from one leaf-scar to another, is a longitudinal band of very fine punctato- 
granulate markings, and immediately above the leaf-scars are fine transverse corrugations. 
Subepidermal surface longitudinally striate. : 

Remarks.—The surface ornamentations of the ribs of this species are very delicate, 
and unless the specimens are in a fine state of preservation they would not likely be 
shown. I have indicated the appearance they present at Pl. I. fig. 2a. Above the 
scars the ornamentation is more pronounced, and assumes the form of fine transverse lines 
which bend round the upper end of the leaf-scar. On account of imperfect preservation, 
I can easily understand that this species will more frequently be found with a smooth 
bark, and in this condition it would be difficult to distinguish it from Srgillaria ovalis, 
Lesqx.,* which may, perhaps, be only a form of Sigillaria Arzinensis, Corda. 


Stigmaria, Brongt. 
Stigmaria ficoides, Sternb., sp. 


Stigmaria Jicoides, Brongt., Class. d. végét. foss., p. 9, pl. i. fig. 7. 
Shigmaria Jicoides, L. & H., Fossil Flora, vol. i. pls. xxxi.-xxxvi. 
Variolaria ficoides, Sternb., Vers., i. fasc. i. pp. 22 and 24, pl. xii. figs. 1-3. 


* Coal Flora, vol. ii. p. 495, pl. lxxi. figs. 7, 8. 
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Stigmaria rimosa, Goldenberg. 


Stigmaria rimosa, Goldenb., Flora Sarep. foss., Heft iii. p. 15 pl. xii. figs. 3-6 (named Stigmaria 
abbreviata on plate). 


Cordaites, Unger. 
Cordaites principalis, Germar, sp. 


Cordaites principalis, Zeiller, Flore foss. d. bassin. houill. d. Valenciennes, p. 629, pl. xciii. fig. 3, pl. xciv. 


fig. 1. 
Flabellaria principalis, Germar, Vers. v. Wettin u. Lobejun, p. 55, pl. xxiii. 


Antholithus, Brongt. 
Antholithus, sp. 


Sternbergia, Artis. 
Sternbergia approximata, Brongt. 


Sternbergia approximata, Brongt., Prodrome, p. 137. 
Sternbergia approximata, L. & H., Fossil Flora, vol. iii. pls. eexxiv., ecxxv. 


Remarks.—For notes on Sternbergia, see remarks under Araucaroxylon and Stern- 
bergia in the Catal. of Paleoz. Plants in the British Museum, pp. 220, 221. 


Trigonocarpus, Brongt. 
Trigonocarpus Noeggerathi, Sternb., sp. 
Pl. II. fig. 4. 
Palmacites Noeggerathi, Sternb., Vers., i. fasc. 4, p. xxxv. pl. lv. figs. 6, 7. 


Trigonocarpus Noeggerathi, Brongt., Prodrome, p. 137, 


Trigonocarpus Noeggerathi, Zeiller, Flore foss. d. bassin howill. d. Valenciennes, p. 649, pl. xciv. figs. 8-11 
(excl. ref. Lindley & Hutton). 

Trigonocarpus Noeggerathi, Kidston, T’rans. Roy. Soc. Edin., vol. xxxiii. p. 403, pl. xxiii. fig. 3. 

Trigonocarpus Noeggerathi, Kidston, Catal. of Palewoz. Plants, p. 216. 

Palmacites dubius, Sternb., Vers., i. fase. 4, p. xxxv. pl. lviii. figs. 3a, b, ¢, d. 


Remarks.—Trigonocarpus Noeggerathi has been confused with Trigonocarpus 
Parkinsom, Brongt., by LinpLey and Hurron in their Fossil Flora, vol. ii. pl. clii®. and 
vol. iii. pl. exciii®., and pl. cexxii. figs. 2, 3, where they figure seeds of the latter under 
the name of the former, and their figures have unfortunately been given as a reference 
to Trigonocarpus Noeggerath by several authors. 

Trigonocarpus Noeggerathi is longer than Trigonocarpus Parkinsoni, the largest 
forms of the latter being seldom equal in size to the smallest specimens of the former, 
though in their length both species vary considerably. I do not know that Trigono- 
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carpus Ni oeggerath is ever less than 2°5 cm., if so small; whereas the longest specimen 
of Trigonocarpus Parkinsoni that I have met with is 2°7 cm. long, but it was somewhat 
compressed. Of course, the diameter of Trigonocarpus Parkinsons is proportionally 
smaller. 

_ Trigonocarpi have three prominent and three very slightly raised ridges placed 
between the stronger ones, but it is only on well-preserved examples that the slightly 
raised ridges or keels are observable. 

Of the two figures I have given of Trigonocarpus Noeggerathi, that in the Trans. 
Roy. Soc. Edin., vol. xxxiil. part ii. pl. xxiii. fig. 3, represents the form named dubius 
by STERNBERG, which is, however, not specifically distinct from his Trigonocarpus 
Noeggeratha. 


Trigonocarpus Parkinsoni, Brongt. 


Trigonocarpus Parkinsoni, Brongt., Prodrome, p. 137. 
Trigonocarpus Parkinsoni, Kidston, Catal. of Palwoz. Plants, p. 217. 


Pinnularia, Lindley & Hutton. 
Pinnularia capillacea, L. & H 
Pinnularia capillacea, L. & H., Fossil Elora, vol. ii. pl. cxi. 
Pinnularia capillacea, Kidston, Catal. of Palwoz. Plants, p. 58. 


Stem. | 
“ Stem of a Fern,” Marrat, Proc. Liverpool Geol. Soc., Session 13, 1871-72, pl. xi. fig. 1, 1872. 


Remarks.—A figure of one of these fossils has been given by Mr Marrat, who 
regarded them as fern stems. They possibly may belong to that group of fossils, but 
their state of preservation does not admit of a satisfactory determination. The stems 
bear spirally arranged obovate scars, which are considerably elevated in their upper part, 
but slope downwards towards their base, where they merge gradually into the stem, 
which is longitudinally striated. 


| INDEX. 
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INDEX TO SPECIES. 
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EXPLANATION OF PLATES. 
PLATE LI. 


Fig. 1. Calamitina (Calamites) varians, Sternb., var. inconstans, Weiss, nat. size. 

la. Portion of the node showing leaf-scars x 5. 
Fig. 2. Sigillaria Arzinensis, Corda, nat. size. 

2a. Leaf-scars and portion of rib enlarged 3 times, to show the surface ornamentation. 
Fig. 3. Sphyropteris obliqgua, Marrat, sp., nat. size (type specimen). 

3a. Pinnule x 5, showing the pinnule segmentation and three sporangial bands. 

3b. A sporangial band x 74, showing the sporangia placed on oblique elevated ridges. 


3c. A sporangium x 53, showing the terminal depression (pore?) and the cell structure 
of the walls. 


3d. Another sporangium x 53. 
Fig. 4. Sphenopteris coriacea, Marrat, nat. size (type specimen). 
4a, 4b. Two pinnules x 6. 


PLATE II. 


Fig. 1. Sphenopteris Marratii, Kidston, n. sp., nat. size. 
la, 1b, 1c. Portions enlarged 5 times, to show the segmentation of the pinnules. 
Fig. 2. Sphenopteris Marratu, Kidston, n. sp., nat. size. 
2a. Pinnule x 5. 
Fig. 3. Sphenopteris Footneri, Marrat, nat. size (one of the types). 
3a. Pinnule x 74, to show the segmentation and nervation. 
3b. Terminal portion of a pinna x 74. 
Fig. 4. T'rigonocarpus Noeggerathi, Sternb., sp., nat. size. 
Fig. 5. Neuropteris dentata, Lesqx., nat. size. (The small stem underneath the pinnule has no 
connection with it.) 
Fig. 6. Bothrodendron minutifolium, Boulay, sp., nat. size. Small branches showing foliage. 
6a. Two leaves x 5, from branchlet marked + on fig. 6. 
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VARIANS, Sternb. var. INCONSTANS, Weiss. Fig.2. SIGILLARIA ARZINENSIS, Corda. 
RIS OBLIQUA, Marrat, sp. Fig.4.SPHENOPTERIS CORIACEA, Marrat. 
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Abt Kidston del. 


Fig 1-2. 
MARRATH, Kidstonn.s. Fig.3,SPHENOPTERIS FOOTNERI, 
_5. NEUROPTERIS DENTATA, Lesqx. 


Fig.6. BOTHRODENDRON MINUTIFOLIUM, Boulay sp. 
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XI.—On some Fossil Plants from Teilia Quarry, Gwaenysgor, near Prestatyn, Flint- 
shire. By Ropert Kinston, F.R.S.E., F.G.8S. (With Two Plates.) 


(Read 17th December 1888.) 


Teilia Quarry, from which the fossils described in this paper have been collected, is 

situated about a quarter of a mile north-east of the village of Gwaenysgor, which is 
distant about five miles from Rhyl and one from Prestatyn. 

_- The geology of the district has been fully described by Mr G. H. Morton, F.G.S.,* 

from whose paper the following notes are compiled :— 

A considerable part of North Flintshire is occupied by a great development of lime- 
stone, which is generally referred to in writings on the subject as “Carboniferous Lime- 
stone.” It forms a tract of hilly ground, some of the higher points rising to a height of 
over 800 feet. These limestones lie immediately beneath the Cefn-y-Fedw sandstones, 
and occupy a hollow of considerable extent in Silurian strata. 

From distinctive lithological characters, the limestones can be divided into four groups, 
all of which can be well studied in the steep escarpment near Prestatyn in the north- 
west of the county. 


In the north of Flintshire, the following are the four subdivisions of the limestones 
that occur:— 


Name. bere a Locality where well exposed. 
I. Upper Black Limestone, _.. : : 200 Prestatyn and Llanasa. 
II. Upper Grey Limestone, : ‘ 500 Coed-yr-Esgob and Gwaenysgor. 
III. Middle White Limestone, . . 600 Graig-fawr and Dyserth. 
IV. Lower Brown Limestone, . ; . 400 Moel Hiraddug and Marian-cwm. 
Red Basement Beds, . ‘ 


Teilia Quarry is situated in beds which form the base of the Upper Black Limestones, 
—the uppermost subdivision of the series,—and in the present paper it is only with this 
subdivision we have to deal. 

This subdivision receives its name from the prevalence of black, fine-grained, thin- 
bedded limestones, which in weathering assume a light brown colour. This limestone 
was formerly worked for making hydraulic cement. 

According to Mr Morton, the original deposit was a calcareous mud, and rapid 
decomposition may account for so few organic remains being found. 

All the fossil plants from Teilia Quarry have suffered more or less from decay before 


* “The Carboniferous Limestone of the North of Flintshire,” Proceedings Liverpool Geol. Soc., Sessions 1885-86, 
Vv. pp. 175-197. See also Mem. Geol. Survey—“ Geol. of Coasts adjoining Rhyl, Abergele, and Colwyn,” (Explanation 
Quarter Sheet 79 N.W.), by A. Strahan (with Notes by R. H. Tiddeman), 1885. 
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- fossilization intervened, and had probably spent some time on their water journey before 
finally becoming embedded, and, as further suggested by Mr Morton, were perhaps 
enveloped in a soft calcareous mud, in which for a period the ordinary processes of 
decay were carried on. Along with the plants, and on the same slabs, marine shells are 
frequent. 

Immediately overlying the plant-bearing strata is a bed with marine molluscan 
remains.* The whole series is essentially marine. 

From the remarks just made, it may be inferred that the plant remains do not 
generally occur in a good state of preservation, and with the majority of the specimens 
this is unfortunately the case. There are, however, many that can be easily identified, 
and a few more fortunate individuals which are in a very fair state of preservation. 
Some of these latter are here figured and described. 

As far as I can learn, the first collection of fossil plants from Teilia Quarry was made 
by the late Mr J. B. Suons, Chester, and it is now deposited in the Museum of the 
Society of Natural Science, Chester. Through the kindness of Mr A. W. Lucas, one 
of the secretaries of the Society, I have been enabled to examine these specimens. t 

Another good collection has been made by Mr E. Bouvertr Luxmoorg, F.G.S., St. 
Asaph, the better part of which he has contributed to the British Museum (Nat. Hist.), 
South Kensington, and to the Woodwardian Museum, Cambridge. I am indebted to 
Mr Luxmoor: for the privilege of examining the specimens still in his possession, to 
Dr Woopwarbp for examining those in the British Museum, and to Mr A. C. Szwarp, 
through whose kind offices Professor M‘Kenny HuGuHEs gave me an opportunity of studying 
the specimens presented to the Woodwardian Museum. I am also under additional 
obligations to Mr Luxmoorg, by whom many of the best specimens were collected, and to 
Mr G. H. Morton, for assistance in points connected with the geology of the district in 
which Teilia Quarry is situated. 


Synopsis OF SPECIEs. 


Asterocalamites, Schimper. 


Asterocalamites scrobiculatus, Schloth., sp. 


Asterocalamites scrobiculatus, Zeiller, Végét. foss. d. terr. houil., p. 17., pl. clix. fig. 2. 
Calamites scrobiculatus, Schloth., Petrefactenkunde, p. 402, pl. xx. fig. 4. 
Calamites radiatus, Brongt., Hist. d. végét. foss., p. 122, pl. xxvi. figs. 1-2. 


Heft ii. p. 180, pl. ii. figs. 1-6, pl. iii. figs. 1-2, pl. iv. fig. 1, pl. v. fig. 1. 
Bornia radiata, Schimper, Traité d. paléont. végét., vol. i. p. 335 ; vol. iii. p. 454 (Syn. in part). 


* Lists of the fossils associated with this and the other subdivisions of the limestone are given in Mr Mortoy’ 


+ I believe it was from this collection of fossils that the list of plants which was communicated by a friend to Mr 
Morrow, and given by him at p. 179 of his paper, was drawn up. I am sorry to say, however, that only one of the 
identifications there given appears to be correct. 


Archeocalamites radiatus, Stur., Culm Flora, Heft i. p. 2, pl. i. figs. 3-8, pls. ii., iii., iv., v. figs. 1-2; 
paper. 
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As its fruit— 


Pothocites Grantoni, Paterson, Trans. Bot. Soc. Edin., vol. i. p. 45, pl. iii., 1841. 
Fruit of Bornia radiata (Pothocites Grantoni), Kidston, Ann. Mag. Nat. Hist., 1883, vol. xi. p. 297, pls. 
«ix, x, Xi. figs. 9, 10; pl xii. figs. 13-17. 


Remarks.—Not infrequent. Several specimens have been collected. 


Adiantides, Schimper. 
(Adiantites, Auct.) 


Adiantides antiquus, Ett., sp. (Plate I. fig. 1.) 


Adiantides antiquus, Stur., Culm Flora, Heft i. p. 66, pl. xvi. figs. 4-6 ; pl. xvii. figs 3, 4. 
Adiantum antiquum, Ettingshausen, Foss. Flora d. mahr.-schles. Dachschiefers, p. 22, fig. 7, plate. PI. vii. 
fig. 1 (in Denks. d. Kaiser. Akad. Wiss, vol. xxv. p. 98, pl. vii. fig. 1). 

Description.—Frond tripinnate or decompound, pinne alternate ; (?) secondary pinne 
lanceolate ; tertiary pinnze, on lower secondary pinne, lanceolate, on upper secondary 
pinne broadly lanceolate, or composed of from 2-4 radiating pinnules. Pinnules 
cuneate, apex slightly rounded or truncate, entire or split into two or more cuneate 
segments. Veins numerous, dichotomous, and radiating from the contracted base of 
the pinnule, which forms a short foot-stock. 

Remarks.—On the lower and larger tertiary pinnz the pinnules are alternate, but 
the upper tertiary pinne are mostly reduced to single pinnules, or to 2-4 pinnules, which 
are often arranged in fan-shaped groups, the component pinnules of which spring from 
a common point or have a much shortened rachis. The bipinnate condition of the 
secondary pinne is therefore lost towards the apex of the primary pinne. 

The fronds of Adiantides antiquus must have attained to considerable size. The 
specimen figured shows what are probably the remains of two primary pinne, neither of 
which is perfect, the more imperfect being only represented by a small fragment on the 
lower left-hand corner of the figure. 

The nervation is very feebly indicated in the Teilia specimen, and that only in a few 
of the pinnules. From other specimens the nervation is shown to be very fine, the 
numerous dichotomous veins radiating from the base of the pinnule. The main rachis 
of a specimen figured by Stur* is nearly +4 inch wide,—this indicates the large size 
attained by the fronds of this species. Adiantides antiquus is rare in Britain. 


* Loc. cit., pl. xvii. fig. 3. 
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Rhacopteris, Schimper. 


Rhacopteris flabellata, Tate, sp. (PI. I. fig. 2; Pl. II. figs. 4-7.) 


Rhacopteris flabellata, Kidston, Catal. Palwoz. Plants, p. 63, 1886. 

Sphenopteris flabellata, Tate, in Johnston’s Botany of the Eastern Borders,* p. 308, woodcut, fig. 3, 1853. 

Noeggerathia, sp., Gomes, Flora foss. do terr. Carbon do Porto, Serra do Bussaco, &c., p. 32, pl. ii. figs. 

1, 2, 1865. 

Description.—Frond pinnate (?); pinnz alternate, rhomboidal, or subtriangular in 
outline, much divided into narrow, linear, acute, single veined segments; segments of 
pinnule generally arranged in fascicles, and the pinnule united to the rachis by a short 
foot-stalk. Rachis moderately thin. 

Remarks.—Owing to the fragmentary and imperfect condition of the specimen on 
which Tate founded his Sphenopteris flabellata, there is considerable difficulty in dis- 
tinctly knowing what are the real characters of his species. 

The woodcut figure of the type given by Tate represents portion of a pinnule, 
‘* petiolate, flabellate, deeply cut into three radiating segments ; segments cut more or less 
deeply into linear obtuse lobes, the lowermost having seven, the middle four, and the 
uppermost eight lobes; veins radiating, one broad vein passing into each lobe.” + 

From an examination of the woodcut, I am inclined to think that none of the seg- 
ments of the pinnule figured by Tate shows its true apex, but that all are embedded 
in their upper part or broken over. If I am correct in supposing this, there has only 
been a portion of a pinnule shown, and on this single specimen the species has been 
founded. 

In February 1886, when in the neighbourhood of Alnwick, I paid a visit to the 
Mechanics’ Institute, where I believe Mr Tate’s geological collection has found a 
resting place. My time at Alnwick was limited, but with as careful a search as 
circumstances would permit, we failed to find the type of Sphenopteris flabellata. 
Whether it is permanently lost, or only temporarily mislaid, is not at present known. 
Under these circumstances all that can be done is to try to interpret Tatr’s figure as 
best one can. It is questionable if, under such conditions, it would not be better to let 
such an imperfectly defined species sink into oblivion, but, on the other hand, one likes 
to give all honour to those who have been pioneers in a difficult branch of natural history, 
and to take every means for the preservation of their specific names, and I believe, 
notwithstanding the difficulty in identifying his species, that I am warranted in applying 
Tate's name of “ flabellata” to the specimens now under consideration. | 

For some years I have known of certain specimens which I thought were referable to 
Tate's Sphenopteris flabellata, the most perfect example being in the collection of the 
British Museum. This example is included in my Catalogue of Palaowic Plants as 
Rhacopteris flabellata, Tate, sp.t 


* Nat. Hist. of the Eastern Borders, London, 1853, vol. i. This is the only volume that was published. 
t Tate, loc. cit., p. 308. t Page 63. 
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I have also a small specimen collected by the late Mr C. W. Praca from the Oil 
Shales, West Hermand, West Calder, Midlothian (Calciferous Sandstone Series). 

While visiting the British Museum in 1887, Mr R. BuLtten Newron, F.G.8., kindly 
showed me the collection of fossil plants which had lately been presented to the 
Geological Department of the British Museum by Mr E. B, Luxmoorg, F.G.S., and 
among them were several specimens of the plant I believe to be Tatr’s Sphenopteris 
flabellata. These specimens, along with those to which reference has already been 
made, afford, I think, sufficient data for a satisfactory identification of all these fossils 
with Sphenopteris flabellata, Tate. This species must, however, be now placed in the 
genus Rhacopteris, Schimper,* of which the type is Rhacopteris (Asplenites) elegans, 
Ettingshausen. Rhacopteris was formed to include that group of Sphenopterids with 
rhomboidal, more or less divided or slit pinnules, which are attached to the rachis in a 
plane nearly vertical to the growth of the fern. 

Rhacopteris flabellata appears to have possessed a pinnate frond, the rachis of which 
may perhaps have divided into two equal parts like many other paleozoic species, but 
this has not yet been observed. The pinnules consist of from 3 to over 20 linear, acute, 
single-nerved segments, the number of segments varying according to the position of 
the pinnule on the frond—those at the apex containing much fewer segments than those 
at the base. 


Fig. 2 is a reproduction of Tatr’s original figure, introduced here for comparison with 
those now given. 

Fig. 4 is a drawing of the most perfect example I have seen, and is from the 
Calciferous Sandstone Series, Burdiehouse, near Edinburgh. The uppermost pinnules 
only contain three segments, those towards the base eight or nine. 

Figs. 5-7 are from Gwaenysgor, near Rhyl. In fig. 7 the segments are closer and not 
so much expanded as in the other examples figured, having more of a matted appearance 
than is generally seen. 

The small specimen given at fig. 5 illustrates well the fasciculate arrangement of the 
pinnule segments. In fig. 6, which has suffered from maceration, the segments are 
longer than in any of the other Gwaenysgor examples. 

It is to be observed that in none of the specimens figured, nor in any that have come 
under my notice, are the pinnules so large as that given by TaTE in the original wood- 
cut. This, however, may arise from his example originating from a larger individual, or 
from its having held a lower position on the frond than any of the specimens with which 
I have met. 


: The plant described as Noeggerathia by Gomxst is probably referable to Rhacopteris 
abellata, 


SCHIMPER unites Gomss’ plant with Rhacopteris elegans, Ett., sp.,{ but as far as one 


* Traité d. paléont. végét., vol. i. p. 481, 1869. 


t Flore fossile du terr. Carbon. des environs du Porto, Serra Bussaco, &c., p. 32, pl. ii. figs. 1, 2, Lisbon, 1865. 
+ Traité d. paléont. véget., vol. i. p. 482. 
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can learn from a study of Gomes’ figures it appears more probably to belong to 
Rhacopteris flabellata, Tate, sp. 

Rhacopteris flabellata differs from Rhacopteris Geikier, Kidston,* in the former 
having unilateral pinnules with narrower segments, which do not spring from a distinct 
midrib as in Rhacopteris Geikiei. 


Rhacopteris ingzquilatera, Géppert, sp. 
Rhacopteris inequilatera, Feistmantel, Palewontographica Supp., iii., Lief. iii. Heft ii. p. 74, pls. ii. fig. 3, 
iii. figs. 1, 2, iv. figs. 1, 2; Heft. iv. p. 145, pls. i. (xix.) figs. 3, 4, ii. (xx.) figs. 1, 3, iii. 
(xxi.) iv. (xxii.) figs. 2, 3, v. (xxiii) figs. 4, 5, vi. (xxiv.) fig. 2 (%), 1878. 
Cyclopteris inequilatera, Gopp., Foss. Flora d. Silur. Devon. u. unteren Kohlenf., p. 72, pl. xxxvii. 
figs. 6, 7, 1860. 
Adiantites Lindseeformis, Bunbury, Geol. Survey of Gt. Brit. ; The Geology of the Neighbourhood of 
Edinburgh, pp. 144 and 151, fig. 26, 1861. 
Rhacopteris fiabellifera, Stur., Culm Flora, Heft i. p. 76, pl. vi. fig. 10. 
Remarks.—Several specimens are contained in the collections from Teilia Quarry, but 
all are more or less fragmentary. GOpPERT’s name for this species, being older than that 
given to it by Bunsury, must be adopted for this fern. Iam, however, sorry to see the 


old and well-known name of Iindseeformis disappear from our lists. 


Archzopteris, Dawson. 
(?) Archzopteris, sp. 


Remarks.—There are one or two indistinct impressions in the collection, which appear 
to be referable to this genus. 


Sphenopteris, Brongniart. 


Sphenopteris subgeniculata, Stur., sp. (Plate II. fig. 10.) 
Diplothmema subgeniculatum, Stur., Culm Flora, Heft. ii. p. 135, pl. xii. figs. 8, 9, 10. 
Descrvption.—Frond much divided, ultimate pinne alternate ; pinnules alternate, 
and in the lower part of the pinnz composed of numerous simple or dichotomous, narrow, 
linear segments, into each of which extends a vein. Rachis slightly geniculate. 

Remarks.—This species is closely related to Sphenopteris geniculata, Germar and 
Kaulfuss,t but is smaller and more delicate in all its parts. 


Sphenopteris Teiliana, Kidston, n. sp. (Plate I. fig. 3.) 


Description.—Frond bipinnate (?); main rachis divided into two equal parts by an acute- 
angled dichotomy ; pinhe oblong, alternate ; pinnules alternate, fan-shaped, and composed 


* Trans. Roy. Soc. Edin., vol. xxx. p. 535, pl. xxx. fig. 5, pl. xxxi. fig. 9. 
t+ Merkw. Pflanzenabdr. Verhandl. d. k. Leop. Carol. Akad. d. Naturf., vol. xv. part ii., 1831, p. 224, pl. Ixv. fig. 2. 
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of from 1-2 bifid cuneate segments. On the main rachis, below the bifurcation, are placed 
distant pinnules of the ordinary type. Nervation not shown. — 

Remarks.—Fig. 3 shows the best preserved example, which is drawn natural size. It 
only shows one of the two arms of the dichotomy of the main rachis ; those specimens 
which showed the bifurcation of the axis were not in other respects so well preserved as 
the figured example. 

This species belongs to that group of ferns whose frond bifurcates into two linear seg- 
ments, a group which appears to be more common in Lower than in Upper Carboniferous 
rocks. 

The pinnules at the apex of the pinne are simple or bifid. In those composed of four 
segments, the pinnule first forms a dichotomy, each half of which again dichotomises, 
the ultimate segments being slightly cuneate. Probably these were single-veined, but 
none of the specimens showed the nervation, 

The species is not infrequent at Teilia, but seldom at all well preserved. 


Sphenopteris pachyrrachis, Géppert. 

Sphenopteris pachyrrachis, Goppert, Foss. Flora d. Ubergangs., p. 143, pl. xiii. fig. 3, 1852. 

Sphenopteris pachyrrachis, Goppert, Flora d. Silur. Devon. u. unteren Kohlenf., p. 61, 1860. 

Sphenopteris pachyrrachis, var. stenophylla, Gippert, Foss. Flora. d. Ubergangs, p. 143, pl. xiii. figs. 4, 5. 

Sphenopteris pachyrrachis, Gippert, Flora d, Silur. Devon. u. unteren Kolhlenf., p. 61. 

Archeopteris pachyrrachis, Stur., Culm Flora, Heft i. p. 64, pl. viii. figs. 8, 9. 

Remarks.—Both the typical form and the variety stenophylla occur at Teilia Quarry. 
The form named stenophylla does not really deserve varietal rank, as the differences 
between it and the typical plant are merely due to different positions on the frond. 

In my Catalogue of Paleozoic Plants * I placed certain species under Sphenopteridium 
dissectum, in which was included Sphenopteris pachyrrachis. 

I still fail to see how many of these species are to be distinguished, but as I hope at 
an early date to have the opportunity of examining a larger series of these ferns than I 
have hitherto been able to study, the Teilia specimens are placed in the meantime under 
Sphenopteris pachyrrachis, with which they are certainly identical. 

If the figures of Sphenopteris crassa, L. and H., as already figured by me,t be compared 
with those of Sphenopteris pachyrrachis as given by GOprERt, the close relationship of 
these two (?) species is very obvious. The whole matter of the affinities of these ferns to 
each other requires to be carefully gone into. 


(?) Sphenopteris Schlehani, Stur., sp. 
Calymmotheca Schlehani, Stur., Culm Flora, Heft. ii. p. 280, pl. xi. figs. 2-4. 


_ Remarks.—On the Teilia specimens only the outline of the pinnules is seen, and 
that but here and there. In general form the fern agrees closely with Sphenopteris 
* Page 61. 

t+ Proc. Roy. Phys. Soc. Edin., vol. vii. pl. v. Sphenopteris crassa, L. and H., was describe and figured in 1835. 
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Schlehani, Stur., sp., but until more perfect specimens are discovered, the occurrence of 
this species must remain doubtful. 


Sphenopteris, sp. 


Remarks.—The various collections from Teilia contain a number of specimens of 


Sphenopteris. They are, however, too imperfectly preserved to admit of specific 
identification, though it is evident that they belong to several distinct species. 


(?) Fructification of Fern. (PI. II. figs. 8, 9). 


Remarks.—Two small specimens of these fossils are shown on the Plate, natural size. 
In all there were five examples of these curious fossils from Teilia. One of them shows 
portion of a frond 44 inches long, without exhibiting either extremity. The rachis is 
3°5 mm. broad, and gives off alternate pinne. Unfortunately this example has suffered 
much from imperfect preservation. 

The form of the (?) sporangia is seen in the two fossils figured. Fig. 9 shows a 
primary pinna (judging from the specimen to which reference has already been made). 
The (?) sporangia are here somewhat displaced, but the fossil gives some idea of their 
attachment to the pinna. In fig. 8 their attachment to the pinna is better shown. 

The (?) sporangia are curved-subclavate, their basal extremity being narrowed into 
a pedicel, their outer surface appears to be striated, but this appearance may arise from 
partial decay. They vary in length, as can be observed in the figures. 

Owing to the imperfect preservation of these interesting fossils, it is quite impossible 
to ascertain their minute structure with sufficient accuracy to warrant a generic or 
specific name being applied to them. 


-Lepidophloios, sp. 


Remarks.—Among the specimens presented to the Woodwardian Museum by Mr 


LuxMooRE, are two small fragmentary impressions of a Lepidophloios, but their imperfect 
condition does not admit of a specific identification. 


(?) Cordaites, sp. 


Remarks.—In Mr Lvuxmoorr’s collection is a fragment of a fossil, with parallel 


nervation, which is probably referable to this genus. The specimen is, however, t00 
imperfect for a satisfactory determination. 


| 
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GENERAL REMARKS. 


The following Table shows the distribution of the Teilia Quarry species in the 
Lower Carboniferous rocks of Scotland, with the horizon in which they occur :— 


Scotland. 
Teilia Quarry. 
Carboniferous Lime- | Calciferous Sand 
stone Series. stone Series. 
Asterocalamites scrobiculatus, Schl., sp., . x x x 
Adiantides antiquus, Ett., sp., . x on x 
Rhacopteris flabellata, Tate, x x 
inequilatera, Gopp., ‘Po x x x 
(1) Archeopteris, sp., . x 
Sphenopteris subgeniculata, Stur., x x 
Teiliana, sp., . x 
» pachyrrachis, Gopp., . x x 
” » Jorma stenophylla, Gopp., x x 
x (Genus). (Genus). 
(1) Fructifieation of Fern, x 
Lepidophloios, sp... x (Genus). (Genus). 
(?) Cordaites, sp., . x (Genus). 


Mr A. J. Jukes-Brown, F.G.S.,* suggests that the Upper Black Limestones in 
which Teilia Quarry is situated, may probably represent the Yoredale Group (= 
Carboniferous Limestone Series of Scotland), but, from reasons to be given presently, © 
I am rather inclined to think that these Flintshire beds belong to a lower horizon than 
the Yoredales. 

If the species which have been specifically identified from Teilia Quarry be com- 
pared with the fossil flora of Scottish Lower Carboniferous rocks, it is seen that seven of 
the Teilia plants are known to occur in the Calciferous Sandstone Series of Scotland 
and only two in the Carboniferous Limestone Series of Scotland, which latter series is 
supposed to embrace the equivalents of the Yoredale Group. Although then admitting 
that a number of Lower Carboniferous plants are common to the Carboniferous Lime- - 
stone and Calciferous Sandstone Series of Scotland, yet so many of the species that 
occur at Teilia have only been discovered hitherto in the Calciferous Sandstones that I 
believe the Teilia beds are more probably of Calciferous Sandstone than of Carboniferous 
Limestone age. Little or no assistance is given in deciding this point by the Molluscan 
remains, as some of them extend from the base to the top of the Carboniferous Forma- 
tion, whereas the Lower Carboniferous plants have a limited and definite distribution, 
hone extending into the Upper Carboniferous, with perhaps one doubtful exception. 


| * Students’ Handbook of Historical Geology, p. 191, 1886. 
VOL. XXXV. PART II. (NO. 11). *® 
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EXPLANATION OF THE PLATES. 


I. 
Fig. 1. Adiantides antiquus, Ett., sp. 
Specimen in the Collection of the British Museum. Collected by Mr E. B. Luxmoore. Locality.— 
Teilia Quarry. 
Fig. 2. Rhacopteris flabellata, Tate, sp. 
Copy of the original figure in Jonnson’s Natural History of the Eastern Borders, p. 308, 1853. 
Locality.—Budle. 
Fig. 3. Sphenopteris Teiliana, Kidston, n. sp. 
In the Museum of the Society of Natural Science, Chester. Collected by the late Mr J. B. Sone. 
Locality.—Teilia Quarry. 


Puiate II. 
Fig. 4. Rhacopteris flabellata, Tate, sp. 
Specimen in the Collection of the British Museum. Locality.—Burdiehouse, near Edinburgh. 
Horizon.—Calciferous Sandstone Series, 
Figs. 5-7. Rhacopteris flabellata, Tate, sp. 
In the Collection of the British Museum. Collected by Mr E. B. LuxMoonre. Locality.—Teilia Quarry. 
Figs. 8-9. (?) Fructification of Fern. 
In the Museum of the Society of Natural Science, Chester. Collected by the late Mr J. B, SHONE. 
Locality.—Teilia Quarry. 
Fig. 10. Sphenopteris subgeniculata, Stur., sp. 
In the Collection of the British Museum, Collected by Mr E. B. Luxmoore. Locality.—Teilia 


Quarry. 
All the figures are natural size. 


| 
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"gl. ADIANTIDES ANTIQUUS, Ett.sp. Fig 2. RHACOPTERIS FLABELLATA, Tate. sp. 
Fig.3. OPHENOPTERIS iEILIANA, Kidston 2. sp. 
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Figs.4-7. RHACOPTERIS FLABELLATA, Tate. sp. Figs. 8-9. FRUCTIFICATION OF FERN (?) 
Fig 10. DPHENOPTERIS SUBGENICULATA, Str. sp. 
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XII.—On the Behaviour of the Hydrates and Carbonates of the Alkali-Metals, and of 
Barium, at High Temperatures, and on the Properties of Lithia and the 
Atomic Weight of Inthium. By Professor W. Dittmar. 


(Read 17th June 1889.) 


The fragmentary nature of our knowledge of the behaviour of the more strongly 
basilous hydrates and carbonates at high temperatures is owing chiefly to the absence of 
a suitable material for the necessary crucibles. Unfortunately there is no metal which 
combines the infusibility of platinum with the chemical inertness of gold, in opposition to 
fiery-fluid caustic alkalies. But the corrosive action of these on platinum, as I showed 
some years ago,™ is a function only of the peroxides formed from them by the action of 
atmospheric oxygen, and, consequently, can easily be prevented by operating in an 
atmosphere of hydrogen or nitrogen. 

This observation forms the basis of the experimental methods used in the present 
research. Before commencing my report, however, I should wish to give myself the 
pleasure of acknowledging that almost all the laboratory work involved was done by my 
private assistant, Mr RoBert ANDERSON, and of expressing my indebtedness to him for 
the excellent manner in which he carried out my directions. 


LITHIA. 


Having, in the course of my earlier research,t found that carbonate of lithia, if kept 
at a bright red heat in an atmosphere of hydrogen, loses carbonic acid very largely, I 
some time ago repeated the experiment, with the view primarily of seeing whether it is 
possible in this manner to obtain the pure oxide, Li,O, of which the handbooks of chemistry 
tell us so very little, and, in the case of success, utilising it as a starting-point for the 
preparation of the hydrate, of the properties of which we are almost equally ignorant. 
The experiment, as I may state at once, proved a success. 

The material which I started with this time was a supply of lithium carbonicum 
purissimum, from TrommsporFF of Erfurt, which, according to an analysis by Mr — 


had the following composition :— 
Soda, Na,O, . 0°03 : 62 00005 
0-07 : 94 = 000074 
= 00030 
134044 
Carbonic acid, CO,,. . «. ~«. #5982: 44 = 193482 
Sulphuric acid, SO,, 0:09 : 80 = 0:0011 
99°77 1:3493 | 
* See my paper on “ Alkali-Proof Vessels,” Jour. Soc. Chem. Industry for 1884, page 303. + Ibid. | 
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The preparation, certainly, is not chemically pure; yet I accepted it as sufficiently 
pure for my purposes.* 

As the preparation is very bulky, I began by fusing successive instalments in a 
platinum crucible (in hydrogen) to produce some 26 grammes of an anhydrous and 
partly causticised compact substance. The crucible used for this, and in the subsequent 
heatings, was the same as I had employed in my previous research,—an ordinarily shaped 
platinum crucible of about 30 c.c. capacity, provided with a well-fitting overlapping lid, 
bearing two autogynically soldered-in narrow platinum tubes, one for letting in the 
hydrogen, the other for the escape of the volatile products. The inlet-tube projects into 
the crucible to the extent of about 1 centimetre, the other commences at the lid. 

The fused preparation was found, in two analyses, to contain 42°19 and 42°12 
per cent. of CO,, instead of the 59°44 demanded by Li,CO,, if Li=7°02; O=16. 
15°41 grm. of this carbonate were placed in the crucible and heated repeatedly in a con- 
tinuous current of purified dry hydrogen, for, in all, thirty-seven hours. At first a gas 
blowpipe was used, but the constant working of the bellows proving tiresome, a simple 
powerful “ Bunsen” was substituted and employed for the greater part of the process, the 
gas blowpipe being resumed only at the later stages. The total loss of weight amounted to 
8°562 grm., including a not inconsiderable quantity of volatilised lithia, which comes off 
more especially in the earlier stages of the process. The residual substance (6°849 grm.) 
was a very hard stone-like mass, which, when broken up into fragments and again heated 
in hydrogen, only sintered slightly, but did not fuse. It exhibited a slightly bluish tinge, 
owing probably to the presence in it of a trace of sulphide. For the analysis of the 
product a known weight of it was decomposed in a Classen apparatus (?.e., under an 
inverted condenser) with dilute hydrochloric acid, and the small quantity of CO, which 
came off, after having passed a chloride of calcium tube, collected in a tared soda-lime 
tube and weighed. 

The chloride of lithium solution produced was evaporated with sulphuric acid to dryness, 
the residue ignited, and these operations repeated until the sulphate was constant in 


weight and its solution neutral to litmus; it was then weighed as Li,SO, Three such 
analyses gave the following results :— 


Ql) (2) (3) 


li,0 . . 960 99°57 not done. 
Adopted Numbers. 
100°17 


*In the research referred to I took special care to eliminate from my preparation every trace of potassium, 
rubidium, and cesium. Yet, when fused in platinum at a red heat in the presence of air, it attacked the metal badly, 
with formation of a dark-coloured platinite. This is contrary to a statement of Troost’s, who says (Dictionnaire de 
Chime, vol. ii. part i. page 228), that “ lithia” attacks platinwm only if contaminated with rubidium or cesium. 
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corresponding to the formula Li,O + 0°004 Li,CO,, and showing that the preparation was 
a fair approximation to pure monoxide of lithium. 

In regard to the properties of this oxide, I have nothing to add to what I have stated 
incidentally, except that it acts only sluggishly on water with apparently little evolution 
of heat. An exact determination of the heat-evolution by means of a Bunsen calorimeter, 
and experiments on the action of the oxide on alcohol, are contemplated. 


Hydrate of Inthia. 


This, according to my original programme, was to have been produced from the oxide 
by means of water; but the preparation of the latter having proved so very wasteful of 
time, I fell back upon the old method of decomposing the sulphate with baryta- 
water. 

160 grm. of Erfurt lithium carbonicum purissimum were dissolved in water, with 
addition of a slight excess of sulphuric acid; the dissolved carbonic acid was expelled by 
heating, the surplus acid neutralised by addition of more carbonate, and the liquid 
filtered. On the other hand, an almost saturated baryta-water was prepared from pure 
crystals. 

Duplicate analyses of the two solutions showed that 1 grm. of sulphate of baryta 
was obtained (by addition of sulphuric acid and chloride of barium respectively) from 
25°109 grm. of the baryta-water, and from 3°8983 grm. of the lithia solution. Hence 
1 grm. of the lithium solution should demand 6°4412 grm. of the baryta-water. But 
a preliminary synthetical trial, made with 10 grm. of the lithia solution, showed that 
64°6 grm. of the baryta water were just, but barely, sufficient to bring down the whole 
of the SO,. Hence, in the actual preparation, the reagents were mixed in this latter 
proportion (in the cold), and allowed to stand in well-stoppered bottles until the 
precipitate of sulphate of baryta had settled completely. The supernatant liquors were 
then syphoned off, the precipitates mixed with boiled-out water, again allowed to settle, 
and the clear washings united with the first decantates, which, of course, had meanwhile 
been preserved in well-stoppered bottles. 

The united leys (which amounted to about 15 litres, and, by calculation, should have 
contained 58°77 grm. of Li,O) were boiled down as quickly as possible in a nickelled iron 
basin (as made in Iserlohn for culinary purposes) to about 1 litre, care being taken to 
keep the basin almost wholly covered with its lid during the evaporation, so as to leave 
only a small outlet for the steam. The concentrated liquor was then transferred to a 
bottle provided with a glass stopper, and next tested for SO, and BaO, when a trace of 
the former was found to be present. A small quantity of baryta water therefore was 
added, and the minute precipitate of sulphate of baryta allowed to settle. The clear 
liquor was now found to contain a very minute trace of baryta, which however was 
allowed to remain. 


The clear liquor was syphoned off and boiled down in a platinum basin (which was 
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covered almost completely with a piece of sheet silver) to about 400 c.c., and the whole 
then allowed to cool under a bell jar trapped with baryta-water. The liquid soon froze 
into one mass of crystals, which was re-fused with addition of a little boiled-out water 
and again allowed to stand, when a large crop of small crystals separated out and 
left a tangible quantity of mother-liquor. The mother-liquor was decanted off, the 
crystals washed twice with small quantities of boiled-out water, and next sucked dry 
as far as possible by means of a Bunsen pump, a perforated cone of vegetable parch- 
ment serving as a filter. The funnel was covered with another funnel of the same size, 
the seam made tight with a strip of black indiarubber, and the stem of the upper funnel 
made to communicate with a gas-holder containing carbonic-acid-free air. After the 
mother-liquor had been thus removed as far as possible, the crystals were spread out on 
a plate of unglazed “ granite-ware,” and kept under a bell jar over 60 per cent. caustic 
soda ley, with the view of removing only the mechanically adhering water. When the 
crystals had become dry, in the sense of no longer making a mark on filter paper when 
pressed against it, they were transferred to a glass-stoppered bottle as “ Prepara- 
tion (1).” 

The mother-liquor was allowed to evaporate under a bell jar over dry caustic soda, 
which led to the formation of relatively large crystals; these were preserved as 
‘ Preparation (2).” 

The two preparations conjointly were of course bound to include almost the whole 
of what the original carbonate of lithia and the baryta-water used contained of ordinary 
alkali. To determine the latter in the baryta-crystals, 5-3 grm. of these were dissolved 
in water, the baryta eliminated as carbonate by means of carbonic acid gas (the 
bicarbonate being decomposed by heating and addition of carbonate of ammonia), and 
the filtered liquid evaporated to dryness. The small residue left was taken up with 
water, the residual carbonate of baryta filtered off, the filtrate again evaporated to dryness, 
and the residue ignited and weighed. It amounted to only 2 milligrammes, corresponding 
to 0°280 grm. for the total weight of baryta-crystals used in the preparation, Assuming 
those 2 mgrm. of residue to have been carbonate of soda, the 280 mgrm. correspond to 
164 mgrm. of Na,O. The total base alkali imported by the sulphate of lithia, according 
to Mr Rosson’s analysis, amounted to 150 mgrm. Hence the 58°77 grammes of Li,0 
contained in the total caustic lithia-liquor were contaminated with 0°314 grm. of base 
alkali (R,O), or about s%oth of their weight; and of this part at least must be 
presumed to have passed into the mother-liquor. Only Preparation (1) was analysed, 
in this way:—A known weight of substance was decomposed in a Classen apparatus 
with dilute hydrochloric acid, for the direct determination of the small quantity of 
carbonic acid present; in the residual liquid, or in separate portions, the baryta and 
the baryta + lithia respectively were determined as sulphates. Found in 100 parts— 


Lithia, Li,O, . ; 3412 and 34°09 Mean = 34°10 
Carbonic acid, CO,, . 0888 , 0930 » = 0909 
Baryta, BaO, . 0°06 » = 0075 
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Hence by the means— 


*Lithia as hydrate, . ; 8348 34: 
Lithia as carbonate, . ‘ 0°62 £°10 
Carbonic acid in the carbonate, . 0°91 

* Water, by difference, . 6491 

100°00 


* Corresponding to the formula Li,O+3°2347 H,O, or Li0H+1°1173 H,0 or rather LiOH.H,O+0°1173 x H,O of 
surplus water. 


2°667 grm. of the crystals were placed in the gas crucible, and heated in a current of 
hydrogen, first gently and then over the gas blowpipe. After four hours’ heating the weight 
of the residue became constant at 0°901 grm. = 33°78 per cent. of the weight of the original 
substance, which comes very near the 34°10 per cent. of Li,O found in the analysis. To 
confirm this result (which surprised me, because at the time I shared the general 
impression amongst chemists that even hydrate of baryta, BaO.H,0, is stable at a red 
heat) weighed quantities of the residue were converted into neutral sulphate and the 
latter weighed. Results— 


(1) (2) 
Substance analysed, . . 0418 0°294 grm. 
Sulphate obtained, . . 1531 
Percentage of Li,O, . 99°96 99°80 


The residue undoubtedly was anhydrous lithia. 

Mr ANDERSON’s experiments on the behaviour of lithia-crystals at lower temperatures 
may be passed over because this subject was at a later date worked out more completely 
by Mr HEenpErson, who, however, had to make fresh lithia-crystals for his purpose, Mr 
ANDERSON’S stock having been entirely used up in the solubility experiments, which | 
shall report on presently. A crop of crystals, corresponding to Mr ANDERSON’s No. 2, was 
operated upon. 

For the determination of the crystal water, a known weight of crystals contained in a 
platinum boat was placed in a combustion tube surrounded by a square air-bath made 
of asbestos pasteboard, and in this condition kept at the fixed-upon temperature while 
a current of pure and dry hydrogen was passing through the tube. In each of the two 
experiments which were made we began by maintaining a temperature of 100° until the 
weight of the residue was constant. The residue was then exposed to a succession of 
higher temperatures for the times stated, and after each such period of heating the weight 
of the residue noted. 

Experiment I.—Weight of crystals taken = 1°1720 grm. Constant weight at 100°= 


0°6584 grm. ; hence loss=0°5136. The weights of the successive higher temperatures 
was as follows :— 


After 40 minutes at 120° ; 0°6590 
150° 0°6598 
0°6604 
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Experiment II.—Substance taken=1°'1965 ; loss at 100°=0°52535 grm. Weights 
of successive residues :— 


60 minutes at 100° 067115 

15 250° 0°67125 


For the determination of the carbonic acid and of the lithia, a known weight of 
crystals was decomposed by hydrochloric acid in a Classen apparatus, and the CO, 
absorbed in soda-lime and weighed. The residual chloride was converted into neutral 
sulphate, and the latter weighed, to be calculated into Li,O. 


(1) (2) (3) 
Substance, . 0°9135 08809 09966 
CO, found, . mgrin. 8:25 mgrm. 9°25 mgrm. 
Percentage of CO,, 0°897 0°936 0-928 
Sulphate obtained, 11560 not done 1:2560 
Percentage of Li,O, 34527 ses 34385 
From the means we have :— 
Per cent. Multiples of Formula-Values. 
Lithia, Li,0, . 34-460 
Carbonic acid, CO,, 0-920 0:0186Li,CO, + (Li,O + 1:023 H,O) + 2°163 x H,O 
Water volatile at 100°, 43°864 of water volatile at 100° C, 


Other water and errors, 20°756 


Considering that the number 1°023 in the bracket is burdened with a number of 
observational errors, and that (by an error of judgment) all the components were not as 
far as would have been possible determined in the same quantity of substance, we may 
accept it as a sufficient approximation to unity, and conclude that lithia-crystals lose their 
erystal-water at 100° and that the residual LiOH remains undecomposed up to 320° C. 

It is rather surprising to see a substance like LiOH lose its crystal-water completely 
at so low a temperature as 100° C. Lithia obviously in this respect comes nearer to 
baryta than to potash or soda, with which it is habitually grouped together. A similar 
result was arrived at in the determination of the solubility in water at a series of tempera- 
tures, on which I will now proceed to report. 

Experiments at 19°:4.—10 cc. of boiled-out water were placed in a glass-stoppered 
bottle of about 50 c.c. capacity, a presumably more than sufficient quantity of crystals was 
added, the stopper put on and the bottle kept immersed in a water-bath, the temperature 
of which was maintained at 19°°4 (the “20” of an ordinary thermometer) for three 
hours.. During the first hour the bottle was frequently agitated; during the other two 
hours the bottle was left undisturbed, to enable the undissolved part of the substance to 
settle. A convenient quantity of the clear supernatant liquor was then drawn off with a 
pipette, previously tared, along with a test-tube just wide enough to accommodate it, and 
weighed (pipette and contents) in the test-tube. The solution was then promptly trans- 
ferred to a Classen apparatus, the carbonic acid liberated, collected in soda-lime, and 
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weighed. The residual solution served for the determination of the lithia as sulphate. 
Three such experiments were made. The records of the first were as follows :—Weight of 
solution taken =6°395. CO, in the same=6°0 mgrm.=4'l megrm. of Li,O=10'1 of 
Li,CO,. Hence corrected weight of hydrate-solution = 6°395—0°0101 = 6°3849. Sulphate 
of lithia obtained 1°354 grm. = 0°3695 of Li,O. Hence Li,O present as hydrate = 0°3654 ; 
and percentage of Li,O in the saturated solution=0°3654 x 100+63849 = 5°724, corre- 
sponding to 16°016 of the hydrate Li,O + 3H,O and 83°984 grm. of water; or 19°073 grm. 
of Li,O+3H,O per 100 grm. of water. 

Experiments II. and III. were carried out similarly, except that the lithia solution left 
after expelling the CO, was fractionated with the balance, to obtain duplicate determina- 
tions for the lithia. In both cases the two values for the lithia agreed very well with 
each other. The final results were as follows :— 


In the Solution saturated at 19°-4. 


1863 22°89 


Excluding No I. as being probably infected with an unobserved error, we have as a 
mean of If. and 


6°70 18°74 23°06 


Experiments at 0°.—In the first two experiments (I. and II.) portions of the solution 
prepared at 19°*4 were kept in an ice-bath for about twenty-four hours, and quantities of the 
clear liquors drawn off for the determination of the CO, and Li,O. In Experiments IIT. and 
IV. 10 c.c. of boiled-out water were placed in a glass-stoppered 80 c.c. bottle, and next kept 
in ice for half an hour, to make sure of everything being at 0°; a sufficiency of previously 
cooled-down crystals was then added, the bottle stopped up, the stopper tied over with 
vegetable parchment, and the bottle immersed in an ice-bath provided with a lid, 
and entirely buried in a mass of ice contained in an outer vessel. After forty-five hours’ 
standing the ice in the inner bath was still in its original condition. A quantity of the 
clear liquor was drawn off with a cooled-down dry pipette, weighed and analysed as 
usual. The results were as follows :— 


In the Solution saturated at 0°. 


5°77 16°16 19°28 
II. 5°61 15°69 18°61 
IIT. 5°85 16°36 19°56 


IV, 6°32 17°69 21°49 
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Thinking that No. IV. was affected with an unobserved error, I adopted the mean of 
I., and III., which is :— 


5°74 16°07 19°15 


Eapervments at 100°.—These were carried out as follows :—4°6 grm. of lithia-crystals 
and 10 cc. of boiled-out water were placed in a test-tube, which was then suspended in a 
steam bath, to establish and maintain a temperature of 100°. A ‘Thorpe stirrer” within 
the test-tube served to mix up the contents. The test-tube was provided with a per- 
forated cork, and the stem of the stirrer passed through a short bit of indiarubber 
tubing slipped over a short piece of glass tube accommodated in the perforation of the 
cork, so that the stirring could be done while the test-tube was closed. During the first 
hour the contents were being constantly agitated; the stirrer was then withdrawn, and 
the contents allowed to clear up for five hours, at 100°. A small quantity of the 
clear liquor was now withdrawn by means of a hot pipette, the pipette with its contents 
quickly transferred to a test-tube containing some water, and the whole weighed. By 
subtracting the conjoint weight of pipette, added water and test-tube, we obtained the 
weight of the sample of solution taken out, which was analysed as usual. In the first 
experiment two samples were drawn—one after five hours’ standing, another forty-five 
minutes later (Determinations I. and II.). In the second experiment a similar method was 
followed ; only, after withdrawing a sample of the clear liquor for Determination III., an 
additional small quantity of crystals, and a corresponding quantity of water were added 
to the residue, the whole heated for five hours and then a sample of clear solution taken 
out for Determination IV. 

When the sulphates of lithia were dissolved in water, a little silica was found to re- 
main in each case. This was filtered off and weighed, to be allowed for in the calculation. 
The silica amounted to about 335th of the sulphate of lithia ; as it no doubt came out of 
the glass, the glass-alkali which accompanied it ought to have been determined, but I 
could not see my way to doing this satisfactorily, and therefore simply neglected it. 
The results were as follows :— 


In Solution saturated at 100°. 


L 9°32 26°09 35°29 
II. : : 9°39 26°26 35°62 
III. 9-26 25°92 34°99 
IV. 9°34 26°14 35°38 
Mean : ; 9°33 26°10 35°32 


Experiments at 50°.—In these the saturated solutions were prepared pretty much in 
the same way as in the 19°'4 experiments, viz., by shutting up the crystals with an 
insufficiency of boiled-out water in a close bottle, which was then immersed in a water- 
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bath kept at 50°. The digestion was continued for six hours; during the first two 
with frequent agitation. The withdrawing of the samples was effected exactly as in the 


case of the experiments at 100°. As in these, silica was found to have passed into the 
lithia sulphate ; it was allowed for as before. Results :— 


In Solution saturated at 50°. 


I. 7°25 20°30 25°46 
IL. 7°24 20°26 25°40 
IIT. 721 20°16 25°26 
IV. ; 7:27 20°33 25°52 
Mean, A ; 7°24 20°26 25°41 


Summary of Results—100 parts of solution saturated at “?°,” contains “y” parts 
of Li,O as hydrate; hence, in it, 100 parts of water are combined with “S” parts 
the compound of LiO, +3H,0. 


Temperature, S from Mean y. 
0° , ; 5°61 6°32 5°74 19°15 
19°°4 5°72 6°74 6°70 23°06 
7-27 7-24 25°41 
100°-0 9°26 9°39 9°33 35°32 


When I entered the ¢’s as abscisse and the mean y’s as ordinates in a system of 
rectangular coordinates, I found that the four points suggested a curve, of which I found 
it difficult to admit that it represented the true relation, because it would have demanded 
a parabolic function of the third degree to translate it into an equation. I besides 
remembered, that the experiments at 0° had hardly had justice done to them in the sense 
of sufficient agitation of the mixture of crystals and water. Neglecting the y for 0°, the 
other three were found to fall in very well with eq. y = 6°6375 —0°002825t + 0°0003¢’. 

The constant term is almost identical with the one rejected value for 0°, which 
strongly suggests that this may be the best value of the set after all. Of course the only 
way of deciding this question was to repeat the determinations at 0° with greater care. 
We accordingly did so, and, to make sure of everything, we repeated also the determina- 
tions at 19°°4. Only, as the carbonic acid in the solutions prepared at these temperatures 
amounts to very little, we omitted its determination this time, and only allowed for it by 
calculation, assuming that the weight of Li,O present in a given solution prepared at 0° 
and 19°*4 respectively, per unit-weight of total Li,O, is the same as the corresponding 
average for the determinations previously made at 0° and 19°°4 respectively. The 
experiments at 0° were conducted in the following manner :— 


I. 3°32 grm. of crystals, and 10 c.c. of boiled-out water were heated up to, and for an 
VOL. XXXV. PART II, (No, 12), | 4D 
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hour kept at, 50° with occasional agitation. The stirrer was now removed, the tube closed, 
and kept in a double ice-bath (vide supra) for twenty hours. ‘Two successive portions of 
the clear liquid were drawn off with a pipette, weighed and analysed for Li,O by evapora- 
tion with sulphuric acid, &. The resulting percentages of Li,O were, A=6°713 
and B=6°687. 

II. 1°56 grm. of crystals and 5 c.c. of boiled-out water, both previously cooled in ice, 
were mixed in a test-tube standing in an ice-bath, and agitated constantly for forty-five 
minutes. The stirrer was then removed, the tube closed and kept within the double ice- 
bath for twenty hours. ‘I'wo successive samples were then drawn off, and their lithia was 
determined as sulphate. The resulting percentages were C=6°700 and D=6'708. In 
the case of C there was a slight loss; the mean of the other three numbers is 6°703. 
By applying the correction for carbonic acid, I obtained for the corrected number the 
value 6°667. 

The New Experiments at 19°:4.—I. The residue of crystals and solution saturated at 
0°, left after withdrawal of sample “ B,” was mixed with an additional half-gramme of 
lithia-crystals, the whole heated up to 50° and kept at this temperature for half an hour 
with constant stirring. The tube was then transferred to a water-bath kept at 19°°4, its 
contents constantly stirred there for about two hours, and then left at rest in the same 
bath for six hours, when the liquid was found to have cleared up completely. Two 


- successive samples, E and F, were then withdrawn, and their Li,O determined as usual. 


II. The residue left after withdrawal of sample D at 0°, after having been supple- 
mented by addition of a little water and a corresponding (excessive) quantity of crystals, 
was kept at 19°°4 for eight hours; during the first two with continual stirring. Two 
samples, G and H, were then sucked out and analysed. Results :— 

E F G H 
y = 6°798 6°798 
Mean = 6°799 ; or 6°738 after correction for the carbonic acid. 

The new values for y at 0° and 19°4, together with the old ones at 50° and 100, 

fall in well with the formula :— 


y = 6°6750 —0°00346¢ + 0°0003?’, as seen from the following comparison  r__ 


For t= 0° 19°4 50°-0 100° 
y by calculation, . 6°675 6°721 7°282 9°327 
y by experiment, * . 6°667 6°738 7-240 9-330 


For the preliminary determination of the solubility of caustic lithia in alcohol, a 
quantity of the crystals was kept in contact with alcohol of 97 per cent. by weight for 
six hours, at a temperature of 15° established by means of a water-bath. During the 
first two hours the mixture was being agitated occasionally, during the last four it was 
allowed to clear up. In weighed portions of the clear liquor the lithia was determined as 


* According to this formula there should be a minimum of solubility at t=5°77, and at 11°54 the solubility 
should be the same as at 0°. At 5°-77, by calculation, y=6°665. It would take very exact work to see whether this 


minimum has any existence outside the formula, which latter of course does not pretend to formulate the actual law in 
the relation between ¢ and y. 
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sulphate. In two experiments (which happened to agree absolutely) the percentage of 
Li,O in the saturated solution was found to be 0°59. 

Experiments on the action of alcohol on the anhydrous oxide are in preparation. 

Before passing on I may say that a series of attempts to produce a peroxide of 
lithium from its oxide or carbonate failed. That metallic lithium when kindled in 
oxygen burns into chiefly peroxide is, I believe, ascertained. 

Knowing that fused carbonate of lithia at a red heat and in the presence of air 
attacks platinum crucibles very badly, I fully expected that oxide of lithium would 
unite readily with oxygen also in the absence of platinum. 


OTHER HyYDRATES. 


I. Baryta.—When I had found to my surprise that hydrate of lithia, when heated 
in hydrogen, is so readily reduced to oxide, I at once caused Mr Hope to see how 
baryta-crystals behave under the same circumstances, and, as a necessary preliminary, to 
prepare carbonate-free crystals by dissolving a quantity of Erfurt “Purissemum” in 
boiling water, filtering the solution into a flask, allowing to cool, collecting the crystais 
which separated out on cooling on a funnel, and sucking them dry in a current of 
carbonic-acid-free air. The crystals were then more fully dried under a bell jar over 
solid caustic soda. 

A small quantity of them was placed in the “hydrogen-crucible,” and therein exposed, 
in a current of hydrogen, first to lower temperatures and lastly to the full heat of a gas 
blowpipe. In the first experiment, the heating, after establishment of the highest 
temperature, was continued for two hours. The residue was then analysed by treating 
a known weight with water and then converting it into sulphate by evaporation 
with sulphuric acid. 0°726 grm. of substance gave 1°068 grm. of BaSO,=0°70148 of 
_ BaO=96°62 per cent. of BaO. In the second experiment about 10 grm. of crystals were 
used, and the heating continued, until the weight of the residue became constant, which 
took about four hours. The residue looked like anhydrous baryta, and 0°342 grm. of it, 
when dissolved in water, and precipitated with sulphuric acid, yielded 0°5225 grm. of 
BaSO,, corresponding to 100°35 per cent. of BaO. 

These results of Mr Hopcr’s were subsequently confirmed by Mr ANDERSON, who 
besides extended the inquiry to the carbonate. 

1. About 2 grm. of baryta-crystals were heated in hydrogen over (ultimately) the 
blowpipe for an hour, and the residue was weighed; the heating was then resumed 
and continued for other thirty minutes, which, however, reduced the weight by only 
1 mgrm. 0°928 grm. of the product, when dissolved in water and hydrochloric acid, 
ina Classen apparatus, gave off 1 mgrm. of CO,=0°108 per cent. The solution gave 
1'4096 grm. of BaSO,=99°76 per cent. of BaO. 

(In regard to Carbonate of Baryta see below under “Carbonates.”) 
After these results with the hydrates of lithia and baryta I was quite prepared to 
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‘find that even the caustic alkalies proper, if kept at a red heat in hydrogen, suffer at 


least partial dehydration, and caused Mr HopceE to try some experiments with caustic 
soda to test the presumption. These experiments, however, proved more difficult than I 
had expected. There would have been no use in trying to dehydrate caustic soda at a 
temperature below redness ; and at a red heat, besides volatilising pretty fast, it “creeps” 
to an exasperating extent, so that after half an hour’s heating (of some 2 to 3 grm. of 
substance), the crucible, when opened, was found almost empty, and the little of a 
residue that there was had to be scrapec t before it could have been analysed, which it 
was impossible to accomplish without the substance absorbing water from the atmosphere. 
Mr Hopes analysed one or two of his products, but I did not preserve his numbers, because 
they did not prove the presence of real Na,O, and, in the circumstances, could not be 
taken as proving the absence of this component in the real product. 

Not feeling inclined to lose any more time over the matter, I simply left it on one 
side; but I subsequently found that the creeping of the fused alkali can be effectually 
prevented by burying it in a sufficiency of spongy platinum. A circular piece of platinum 
foil is turned into the shape of a cornet, whose seam is made fast and approximately 
tight by welding. The cornet is filled to about half its height with spongy platinum, 
the alkali put on the top and then covered over with more spongy metal sc as to fill the 
cornet. The charged cornet is placed in the gas crucible and heated in the desired 
atmosphere. At the end of the experiment it is taken out, while still warm, with a 
forceps, quickly transferred to a wide weighing-tube provided with a hollow ground-in 
stopper, and weighed. For the determination of the carbonic acid and base it is placed 
in the decomposition-flask as it is. As the spongy metal forms a coherent mass, it is 
easy, at the end, to lift out the cornet and spongy metal, dry, ignite, and weigh it. I 
never came to use this method in connection with the hydrates, but I subsequently 


applied it occasionally in my experiments on the carbonates of the alkalies, and it is 
for this reason that I have here described it. 


EXPERIMENTS WITH CARBONATES. 


As early as 1860, THEopor ScHEERER,* in the course of an investigation on the 
behaviour of silica to the carbonates of potash and of soda at certain approximately con- 
stant temperatures situated above their fusing-points, inquired into the behaviour of the 
unmixed carbonates under the same circumstances, and as a general result found that 
both reagents, when kept in a state of fusion within a well-covered platinum crucible, 
lost weight, the more largely the higher the temperature. The source of heat in all 
cases was a Berzelius spirit-lamp, 7.e., a spirit-lamp constructed on the Argand principle. 
To produce “ Rothgluth” the lamp was fed with spirit of 66° to 70° Richter; a 
somewhat higher temperature, “Orangegluth,” was established by using 80° to 81° spirit, 
and keeping the level of the spirit constant. For the production of “ Gelbgluth” the 
same lamp (and the stronger spirit) was used in conjunction with the blast arrangemext 

* Liesie’s Annalen, vol. cxvi. page 129. 
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known as ‘‘ Plattner’s Spinne.” The general modus operandi was, to take a known weight 
of the respective carbonate (previously dehydrated at a dull red heat) and expose it 
successively to the stated standard temperatures, taking care at each step to continue 
the heating until the weight of the residue was constant. The platinum crucible was 
provided with a close-fitting concave lid, to avoid loss by creeping and volatilisation 
as far as thus possible. His experiments with carbonate of soda may be quoted in detail. 
Weight of dehydrated carbonate operated upon, 5°020 grm. These, when exposed 
successively to the temperatures named, in column 1 of the following Table, assumed the 
constant weights given in column 2; column 3 gives the losses of weight suffered by 
the carbonate, in percentages of its original weight. 


1. 2. 3. 
1. Rothgluth, 0°52 per cent. 
2. Orangegluth, . 0°62 
4. Orangegluth, . 4984 0°72 
5. Rothgluth, 4°994 0°52 
6. Orangegluth, . 4-987 066 fi,, 
7. Gelbgluth, 4951 1:38 
8. Orangegluth, . 4985 0°70 
9. Rothgluth, 4993 


The most remarkable feature in these results is that each of the three temperatures 
corresponds to very nearly a constant weight characteristic of the respective temperature ; 
the additional loss of weight, which took place in passing from 1. to 3., was undone by 
re-establishing the “‘ Rothgluth” of stage 1. According to SCHEERER “there can be no doubt 
that the matter which left the carbonate of soda in the heat, and (the matter) which 
was taken up again when it passed from higher to lower temperatures, was carbonic acid. 
It cannot reasonably be presumed to have been water.* We must admit that the ratio 
of the equivalents of soda and of carbonic acid is a function of temperature. Taking the 
equivalent of the former as constant and = Na,O, that of the latter, at ‘Gelbgluth,” is 266, 
instea i of 275 as at the ordinary temperature (0=100). In solid carbonate of soda, as it 
is at ordinary temperatures, 1000 atoms of soda are combined with 1000 atoms of CO,; 
at “Gelbgluth” 1000 atoms of soda unite with 967 atoms of carbonic acid.” 

With carbonate of potash he obtained similar results. The salt, previously dehydrated 
at a dull red heat, lost 0°25 per cent. of its weight at “ Orangegluth,” and further 0°50 
per cent. on subsequent exposure to “Gelbgluth,” and these 0°5 per cent. were taken up 
again when “ Orangegluth” was re-established. 

This is the substance of ScHEERER’s results as far as they are in contact with the 
present investigation. 

In my own experiments the general order of operations was as follows:—In a first 
series of experiments the respective carbonate was exposed for a shorter or longer time to 
a red heat in an atmosphere of pure hydrogen, which in all cases led to the production of 
* ? Vide infra. 
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a residue containing caustic alkali. This effect must be presumed @ priori to be owing to 
two causes, namely, firstly to the dissociating tendency of the heat, and secondly to the 
reducing action of the hydrogen on the CO, of the carbonate (Ex. Li,CO,;+H,=Li,O+ 
CO+H,0). Hence, to form an estimate of the share of the heat in the change, a second 
series of experiments was made, in which the salt was heated in an atmosphere of nitrogen. 

When I tried this for the first time with carbonate of soda, 1 was surprised to obtain 
a residue which contained its caustic alkali chiefly, if not entirely, as NaOH. Where did 
the hydrogen of the NaOH come from? Graham’s famous experiments on the occlusion 
of gases by hot platinum afford an easy answer. The hydrogen came out of the flame 
and through the walls of the red-hot crucible. The effect of this adventitious hydrogen 
could not have been minimised by establishing ever so rapid a current of nitrogen, 
because the substance in the crucible is in a state of fusion, and the hydrogen comes to it 
chiefly direct through the walls, and not by way of the atmosphere, of the crucible. Hence 
in the subsequent nitrogen-experiments the modus operandi was brought into the 
following form :—The carbonate was placed in a platinum boat, which was then shoved 
into a porcelain tube and within it heated in a muffle, matters being arranged so that 
the boat was at the hottest point of the muffle. The muffle was heated by means of gas 
in a Fletcher furnace. 


Carbonate of Baryta. 


1. Hydrogen-Experiments.—Carbonate of baryta, prepared from pure chloride by 
precipitation with carbonate of ammonia, and dehydrated exhaustively at a dull red heat, 
was placed in the gas crucible, and in it heated; for the first two hours by means of a 
Bunsen, then over a gas-blowpipe. The weights of the successive residues was as 
follows :— 


Original Substance, . 3°427 

After three hours’ heating, . 2°7952 

After four _,, 2°667 

After six (weighing error ?) 
After seven ,, 2°667 


0°9592 grm. of the product, by decomposition with dilute hydrochloric acid, gave 
1 mgrm. of CO,, or 0°104 per cent. (direct method); the solution yielded 1°4462 grm. 
of BaSO, corresponding to 0°9498 of BaO or 99°021 per cent. of the weight of the sub- 
stance analysed. The deficit of 0°875 per cent. must be water, which, however, was 
probably taken up between the last heating and the weighing out of the sample for 
analysis, because hydrate of baryta, as I have shown, is reduced to BaO at a red heat. 
The product was practically free of carbonic acid, and this is the main point. 

Nitrogen-Experiment.—2'2168 grm. of carbonate were heated in a current of nitrogen 
in a porcelain tube within a muffle as above explained, the heating, after attainment of 
the highest temperature, being continued for one hour. The product weighed only 
19 mgrm. less than the original carbonate, which is sufficient to show that carbonate of 
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baryta is not subject to dissociation at the degree of red heat which prevailed in our 
muffle. To make, however, quite sure of this result, the carbonic acid in the product 
was determined by the direct method, and the baryta in the residual solution as sulphate. 
The 2°2149 grm. of product gave 0°4928 of CO,, and 2°6182 of BaSO,. Hence— 


Found. Calculated from BaCO,. 
Carbonic acid, . : . 22°249 22°312 
Baryta, $1635 77688 
99°884 100°000 
Carbonate of Inthva. 


This carbonate, as we have seen, is completely reduced to anhydrous oxide, if kept at 
a red heat in hydrogen for a sufficient time ; the last instalments of the carbonic acid, 
however, go away very slowly, which indicates the existence of a basic carbonate 
relatively difficultly reducible by hydrogen. The following two 

Nitrogen-Experiments were made with the view of seeing whether, or to what extent, 
a similar decomposition can be brought about by the action of heat alone. In both the 
carbonate was heated within a porcelain boat in a muffle as described above. 

In Haperiment J., the heating, after attainment of the maximum temperature, was 
continued for one hour (?).* 

0°6024 orm. of the product gave 0°3303 of CO, and 0°9983 of Li,SO, corresponding 


to 54°83 per cent. and 45°22 per cent. respectively, or to the following proximate 
composition :— 


Carbonate of lithia, . 2226 
Caustic lithia, Li,O, 
100°00 


Experiment II.—Carbonate taken = 0°8486 grm.; the maximum temperature 
having been reached, the heating was continued for five hours. The residue then 
weighed by 0°1360 grm. less than the original carbonate. After other five hours’ heating 
the total loss was 0°2728, which indicated that the change had not reached its end yet. 
Being, however, anxious to know the state of matters at that stage, I caused Mr 


ANDERSON to stop the experiment and analyse the product. 0°5484 grm. gave 0°2268 of 
CO, and 1'1780 of Li,SO,, whence we had— 


Lithia, : . 58°620 Carbonate of lithia, . 69°592 
Carbonic acid, 41°357 Oxide of lithium, . ; 30°385 
99-977 99-977 


corresponding to the formula Li,O+0°4817CO,, or approximately to Li,CO,+ Li,0. 
This goes a certain way towards confirming my surmise as to the existence of a stable 
basic carbonate ; yet I am inclined to think that all the carbonic acid can be expelled by 
heating in nitrogen, provided only we heat long enough. 

* Note lost. 
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EXPERIMENTS IN CARBONIC ACID. 


From our general experience regarding decompositions like the one under 
consideration,* we have a right to presume that the decomposition of carbonate 
of lithia at a red heat can be prevented by maintaining over the heated carbonate 
an atmosphere of carbonic acid of sufficient density, and from the fact that in 
the two (nitrogen) experiments quoted the carbonic acid came off only very slowly it 
appears probable that even at a bright red heat the requisite carbonic-acid density, and 
consequent carbonic-acid pressure, does not amount to much, perhaps to less than one 
atmosphere? This idea formed the basis of the following experiments:— 

Experiment I.—A quantity of carbonate of lithia was placed in the gas crucible and 
kept for an hour at a red heat, over an ordinary Bunsen lamp, while a current of dry 
carbonic acid was made to pass through the crucible. The product, which had the aspect 
of a dull-looking glassy fuse (a glassy structure or rather non-structure, is characteristic 
for fused normal, in opposition to ordinary fused, carbonates of soda and potash—vde 
infra), was tested in a roughly quantitative manner with chloride of barium, and found 
to contain rather less than 0°2 per cent. of caustic lithia, Li,O. 


I here refer to a method for the detection and determination of caustic in carbonates of alkali, 
which Mr HENDERSON worked out under my direction. A known weight of the carbonate is 
dissolved in boiled-out water in a stoppered bottle, a sufficiency of boiled-out solution of chloride of 
barium is then added, and the mixture allowed to stand in the absence of air, until the precipitate 
has settled as far as possible. An aliquot part of the clear liquor is now drawn off (not filtered off) 
and titrated with very dilute standard-solution of hydrochloric or sulphuric acid in the presence of 
phenol-phthalein as an indicator. I prefer to fractionate gravimetrically, because this does not tie 
one down to a pre-determined volume of mixture. By means of this method (which, by the way, 
does not pretend to be absolutely original) we had no difficulty in detecting considerably less than 
0'1 per cent. of caustic potash or soda in the respective carbonate; and a solution of absolutely 
normal carbonate (vide infra) always gave a perfectly neutral decantate. But when we proceeded 
to test it quantitatively, with solutions prepared from known weights of normal carbonate, and 
known volumes of recently-prepared standard-solutions of caustic alkali, the general result, at least 
in all those cases in which the caustic alkali amounted to 1 per cent. or less, was that only some 
two-thirds of the RHO passed into the barytic solution. I accordingly put down the method as 
being exact only in a qualitative sense. But we subsequently came to use it frequently side by 
_ side with the gravimetric method (determination of the CO, and of the total R,O), and always found 
the two methods to give fairly agreeing results. Hence, in all probability, the caustic alkali 
solutions used in the synthetical trials, all precautions notwithstanding, contained part of their 
alkali as R,CO,. 

To give a more exact idea of the method as applied to carbonate of lithia, I may quote the 
analysis of a carbonate “Q” which will be referred to below as an important preparation. 
1825 grm. of this substance was dissolved in about 300 c.c. of boiled-out water in a glass-stoppered 
bottle standing over a water-bath. After all the carbonate had dissolved, which took a long time, 
the solution was allowed to cool to almost ordinary temperature, and then mixed with recently 
boiled-ont solution of 10 grm. of chloride of barium. The bottle was then left to itself for about 
twenty-four hours, when the precipitate had settled very well. The bottle was then weighed, when the 


* See my memoir on the “Oxides of Manganese” in the Proc. Roy. Soc. Edin., for 1864, also Chem. Soc. Jour., 
same year, p. 294; also DeBray’s “ Experiments on Carbonate of Lime,” Jahresb. for 1867, p. 85. 
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weight of the total contents was found to amount to 461°5 grm.; 2123 grm. of the clear liquor, 
when titrated with a- hydrochloric acid containing 0°02 x HCl mgrm. per c.c., and dilute baryta- 
water as an auxiliary reagent, was found to require 1°78 c.c. of the acid for its exact neutralisation, 
corresponding to 3°86 c.c. for the whole, or to 0°063 parts of free Li,O per 100 of original substance. 


Experiment I[I.—Done in a similar manner to No. I.; only the temperature was kept 
at the lowest point, enabling the carbonate to be completely fused. The product, this 
time, was analysed exactly with chloride of barium, and found to contain 0°018 mgrm. of 
free Li,O in 320 merm., or 0°0057 per cent. 

Experiment III.—In the case of this experiment the heat was moderated so that the 
carbonate was near to, but below, its fusing-point. The product, when tested with chloride 
of barium, was found to be perfectly neutral. This method subsequently was largely 
employed for preparing anhydrous and yet Li,O-free carbonate of lithia for other trials. 

Experiment [V.—A platinum boat charged with carbonate of lithia was placed in a 
combustion tube strengthened by means of a spiral of annealed brass foil wrapped round 
it, and in it heated by means of a combustion furnace to redness, while a current of 
carbonic acid was made to pass through the tube, and from it through a layer of mercury 
2 inches deep. The tube blew out shortly after a red heat had been fairly established, 
but the product was found to have been in a state of complete fusion, and therefore was 
analysed by means of chloride of barium. It contained only 0°081 mgrm. of free Li,O 
in 758 mgrm., or 0°01 percent. I have no doubt in my mind that the product really 
was neutral, and only became slightly caustic through the sudden removal of the carbonic 
acid atmosphere at a red heat. Or, in other words, that at the temperature which 
prevailed in the tube, and probably at any degree of “red heat,” the dissociation-tension 
of carbonate of lithia, though decidedly greater, is only very little greater than 30 inches 
of mercury. But, to prove this, it was desirable to have a closer approximation to pure 
Li,CO, than our Erfurt “purissimum” afforded. I therefore caused Mr ANDERSON to 
purify some of this preparation by means of Troost’s method, 7.e., by dissolving it in 
water with the help of carbonic acid, and, from the filtered solution, reprecipitating the 
dissolved salt by removal of the loosely combined carbonic acid at a gentle heat. The 
crystalline crust thus obtained was washed with small instalments of water, dried at a 
gentle heat, and preserved for the following experiments. When it appeared desirable to 
Operate upon an anhydrous preparation, a portion of the purified salt was placed in a 
platinum boat, and kept at a temperature somewhat below its fusing-point, within a 
combustion tube in a current of dry carbonic acid of ordinary pressure. 

Experiment V.—This was conducted pretty much like the preceding experiment, 
only with the difference that a porcelain tube was substituted for the glass one. The 
tube was heated in a combustion furnace, and after attainment of the highest temperature 
the heating continued for one hour. The depth of mercury through which the carbonic 
acid bubbled out was 2 inches, and the barometer stood at 29°78 inches; hence the total 
pressure of the gas equalled 31°78 inches. This pressure, at the end of the experiment, 


was maintained until the product had cooled down considerably below its fusing-point. 
VOL. XXXV. PART II, (NO. 12), 4E 
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The carbonate had fused into a white mass, which was smooth and glassy on its surface, 
but full of small holes on the other side where it had been in contact with the boat. 
0°116 grm., when analysed by means of chloride of barium, was found to be neutral. 
0°8390 grm. gave 0°5000 of carbonic acid, equal to 59°594 per cent. The number 
calculated from the formula Li,CO, is 59°427, if Li be taken as =7°02,O=16. The 
analysis, as we see, gave about 0°16 per cent. more, although our preparation could not be 
presumed to be absolutely free from foreign bases, and any of these of course was bound 
to depress the percentage of carbonic acid. Admitting that the difference of 0°16 per 
cent. was not merely an observational error (need I say that I did not by any means 
feel sure on this point ?), the experiment would prove that Sras’s number for Li (7°02) is 
a little too high, because there can be no reasonable doubt that Dumas and Sras’s value 
44 for COs is practically free of error. Combining what I had found with the fact that 
both Matter and Troost, in 1857, by the analysis of the chloride with nitrate of silver 
found values for Li which lay decidedly below 7°00 (see LorHar MryYER and SEUBERT, 
Atomgeurchte der Elemente, p. 225), 1 deemed it worth my while to prepare normal 
carbonate of lithia in the way described on a large scale, to analyse it with the requisite 
degree of precision, and to see what would come out. We accordingly repeated 
Experiment V. a sufficient number of times to obtain a sufficiency of material and then 
analysed the carbonate in the following fashion. To avoid repetition let me premise 
the statement that the same method was used for all the carbonic-acid determinations 
quotea below as “A.” “Q,” and considered in connection with the 
question of the constant ‘ Li.” 

A known weight of the carbonate (about 5 grm.) was decomposed with dilute 
sulphuric acid in a flask provided with an inverted condenser (CLassEn’s method), which 
by its outlet communicated with (1) a large chloride of calcium tube for the absorption 
of the water; (2) a Lirsic’s bulb-apparatus,* charged with a solution of caustic potash i in 
its own weight of water; (3) a medium-sized U-tube filled with granulated soda-lime, and 
(the greater part of the outlet-limb) with granulated chloride of calcium of the same kind 
as that used for (1); and (4) one or two smaller U-tubes charged with soda-lime and 
chloride of calcium like No. (3), to serve as “ witnesses” of the complete absorption of the 
carbonic acid. In the first two analyses (quoted below as A and B) only one witness- 
tube was employed. It gained 0°5 and 1:2 mgrm. per gramme of substance analysed 
respectively. This is not much, but it is more than can be neglected in an atomic-weight 
determination ; I therefore, in the subsequent analyses, added a second witness-tube. 
This second tube gained weight, per gramme of carbonate analysed, to the extent of— 

0°1 mgrm. or less in nine cases, 
0°31 to 0°11 mgrm. in three cases, 


1°64 mgrm. in one case, and 


2°7 mgrm. in another case, namely, the case of analysis of “Q (3)” which was rejected on 
other grounds. 


* On the occasion of these analyses I invented an improved form of the Lirpia bulbs, which is described and 
figured in the Soc. Chem Ind. Jour, and also in the Chemiker Zeitung, for 1888. ‘ 
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The absorption apparatus were tared in two ways, namely, firstly, in the ordinary 
way by means of weights, and secondly, in the Regnault fashion, i.e, by means of 
similar apparatus of a slightly less weight, and of very nearly the same displacement. 
The tare potash-bulbs were charged with plain water, the tare U-tubes with granulated 
selenite. In the calculations I relied on the results of the Regnault method; the 
other, indeed, was used only as a guarantee against weighing-blunders. I may say, in 
passing, that the two values for the weight of CO, found always agreed to within less 
than 1 mgrm. 3 

The apparatus having been put together, and the tightness of the joints made sure of, 
the carbonate was decomposed slowly by addition of dilute sulphuric acid, the Liebig 
bulbs being kept cool by occasional application of a water-bath ; when the carbonate was 
fully decomposed, the absorbed part of the gas was expelled by heating the contents of 
the flask to very near boiling, and passing a current of carbonic-acid-free air through the 
apparatus at the same time. This was continued until an approximate calculation, based 
upon the known volume of air used and the volume of the empty space of the apparatus, 
showed that the carbonic acid was sure to have all been driven into the absorption 
apparatus. These were then detached, immersed for a time alongside of the tare 
apparatus in a water-bath of the temperature of the balance, wiped dry, and weighed. 
Each apparatus and its tare were kept in the balance-case, with the ends closed, until 
their difference of weight was constant, the caps which closed the ends of the U-tubes 
and of the potash-bulb being removed in the actual weighing not having been included 
in the tare. The weighings here, as in most of the analyses quoted in this memoir, were 
made with a set of iridio-platinum weights from Messrs Jonnson, Marrury, & Co., but 
adjusted by Mr Orting. When the set came to me, I determined the errors of the 
several pieces by a series of comparisons and readjusted a few of the pieces which needed 
it. The balance used was that very fine ‘ Hectogramme-balance” from OERTLING, 
which I refer to in my article “ Ueber die Pricisionswaage des Chemikers,” in the 
Zeuschrift fiir Instrumentenkunde for 1881, p. 113 et segq.; the instrument is provided 
with the microscopic reading arrangement, which I contrived some years ago and described 
in the same Journal (for 1882, p. 63). 

As already stated, the first set of analyses was made with a carbonate, which, after 
dehydration in carbonic acid, was fused in an atmosphere of the same gas of about 
32 inches pressure. Asa general result, the percentage of carbonic acid found was higher 
than that demanded by the formula, if Li= 7-02 (Stas), and 0=16. This confirmed my 
surmise regarding the true value of the constant, apart from the consideration that my 
carbonate, having been produced in an atmosphere of carbonic acid, may have contained 
physically absorbed, in addition to its combined, CO,. Assuming this to be so, the 
weight of CO, present per unit-weight of oxide of lithium should be governed by 
an equation like y=A+Bp, where p stands for the CO,-pressure under which the 
substance was fused and A for the chemically combined part of the carbonic acid. 
To find the values of the constants A and B, I prepared a few samples of the 


A 
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_ fused carbonate under pressures of about 45 and 60 inches, and analysed these like 
the rest. 

In all the experiments now to be reported on, the carbonate of lithia operated on was 
contained in a platinum boat standing in a porcelain tube, which was heated by means of 
a powerful gas-combustipn furnace. The inlet and the outlet tube was provided with a 
glass stop-cock and inserted by means of a good indiarubber cork. When the pressure 
within exceeded that of the atmosphere without by not more than 2 inches of mercury, 
the corks were found to hold tight by friction ; but in the experiments at over-pressures 
of 15 inches or more they would surely have been blown out, had they not been held fast. 
by a suitable arrangement. The contrivance which I used consisted of two perforated 
iron plates, united into a narrow parallelogram by two iron rods running parallel to the 
porcelain tube. When the apparatus is used, each of the plates lies flat against the 
surface of the respective cork, the inlet or outlet tube passing through the perforation. 
One of the plates is riveted to the rod-ends, the other is adjusted to, and held in, its 
position by means of thumb-screws. 

In the experiments at higher pressures the outlet tube dipped into a layer of mercury 
about 2 inches deep ; the entrance-tube communicated, more immediately, with one of two 
globular mercury-reservoirs united (in the GEISLER pump fashion) by means of a long 
piece of stout indiarubber tubing. TZhis reservoir, I will call it the “working bulb,” 
communicated in its turn with the final outlet of the ‘ Kipp’s apparatus,” which 
furnished the stream of dry carbonic acid, the connecting tube being provided with 
a stop-cock. The other reservoir, the ‘“‘reservoir proper,” sat on a ring of a tall retort- 
stand, so that it could be placed at greater or less heights. To enable the “ Kipp” to give 
the necessary pressure for driving the gas through the said 2 inches, or occasionally 
through a greater depth of mercury, the acid in it is adjusted so that, supposing the gas- 
evolution to have been going on for a while and the outlet tube then to be closed, the 
acid driven into the upper bulb fills it almost completely ; and this bulb again, by means 
of a tube fixed in its neck and dipping into the acid, and a piece of indiarubber tubing 
slipped over the end of the glass tube, communicates with a bottle having a tubulus near 
its bottom, through the latter. | 

In a given experiment, the first step always was to raise the reservoir so as to fill 
the working bulb almost completely, and the second to fill the tube with carbonic acid 
of about 2 inches more than the existing atmospheric pressure, the reservoir being 
lowered occasionally and re-raised to make sure of all the air being expelled. While a 
continuous stream of carbonic acid passed through the apparatus, the tube was heated up 
gradually, so as to expel the moisture from the preparation at the lowest sufficient 
temperature, but at last brought up to the highest temperature which the combustion 
furnace would afford. When the carbonate could be presumed to be completely fused, 
and, under the circumstances, suturated with carbonic acid, the working bulb was, if 
still necessary, filled as far as possible with carbonic acid. The outlet-tube and the tube 
connecting the working bulb with the “Kipp” were then closed, and the reservoir 
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raised so as to bring the carbonic acid within the porcelain tube up to the desired 
tension, which was maintained as far as practicable by occasional readjustment of the 
height of the reservoir. 

Counting from the time when the tube had come up to the full heat afforded by the 
furnace, the experiments at 0 to 2 inches over-pressure were continued for about one hour; 
in the high-pressure experiments (at 15 or 30 inches over-pressure) the initial pressure (of 
atmosphere + 2 inches) was kept up for about one hour, and the subsequent high pressure 
for another half hour. At the end of an experiment, after the gas flames had been turned 
off, the high pressure was always maintained until the temperature of the tube had sunk 
so far that the carbonate inside could safely be assumed to have frozen. 

In now proceeding to give an account of the individual experiments, I will take 
these up in what I conceive to be the most convenient order for the reader; the reference 
marks give the order in which they were made. 

Experiments Q.—A quantity of carbonate of lithia was placed in the gas-crucible and 
in it kept for 1 hour at a temperature just sufficient to fuse it, but no more, while a 
current of carbonic acid of ordinary pressure was passing through the crucible. This 
operation was carried out three times; the three products were powdered roughly, mixed 
together, and divided into four parts, of which three were weighed out at once along 
with their respective preparation tubes, to be analysed for carbonic acid. The fourth 
quantity was kept in reserve for emergencies. As one of the three analyses gave an 
incomprehensible result, the fourth was broken into for an additional determination of 
carbonic acid. The results were as follows :— 


(1) (2) (3) (4) 


Substance, 56930 59016 23752 
Carbonic acid. 33847 34793 14125 
Percentage of CO, . 59°490 59°454 58-955 59:465 


Two portions of (4), each equal to about 1°8 grm., were analysed exactly with chloride 
of barium. Found in one sample 0°063 percent. of Li,O; in the other, 0°049 and 0°056. 
Omitting 0°049, which was obtained by a titration done on a very small scale, we have 
0°060 for the percentage of free Lithia. Of the four carbonic-acid determinations 
that in (3) was rejected as being in all probability infected with an unobserved grave 
error; the mean of the other three is 59°470; hence so much CO,.is contained in 
100—0°060=99°94 parts of carbonate proper; hence the latter contains 59°506 
per cent. of carbonic acid. 

Experiment E.—A quantity of the carbonate was dried in a current of carbonic 
acid at 250°, at ordinary pressure. 4°9432 grm. gave 2°9500 grm. of CO,, or 59°678 
per cent. 

Experiments A, B, and C were made with a supply of fused carbonate produced 
under carbonic acid of 31°8 inches pressure in instalments. 

The analyses gave the following results :— 
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A. B. C. 
Substance, . 5°2502 52520 5°0723 
Carbonic acid, 3°1315 3°1265 3°0259 
Percentage of CO,,  §9°645 59°529 * 59°655 


Experiment D.—Carbonate kept fused under carbonic acid of 30°24 inches pres- 
sure for one hour. The chloride of barium test proved the absence of caustic lithia. 
Carbonic acid not determined. | 

Experiment F.—Substance prepared as in case D, only the outgoing gas was not 
made to bubble through mercury; the barometer stood at 29°2 inches. 6°7288 grm. 
gave 3°9559 grm. of carbonic acid, or 58°790 per cent. This number almost proves 
the presence of caustic lithia, but to make sure of this the chloride of barium test was 
applied (this time in only a roughly quantitative fashion); it showed that there was 
upwards of 0°6 per cent. of free lithia. 

Eaperiment G.—A quantity of carbonate was fused under carbonic acid of (Bar. + 
extra mercury = ) 30°24 inches pressure for one hour. The experiment was made twice 
to obtain a sufficiency of material for an analysis on a large scale. 4°2220 grm. gave 
2°5198 grm. of carbonic acid, or 59°683 per cent. 

Experiment H.—Carbonate of lithia was fused under carbonic acid, first for 
one hour at a pressure of 30°1+2=32'1 inch, then for half an hour at a pressure 
of 60°1 inch. 1°'2984 grm. gave 0°7809 grm. of carbonic acid, or 60°143 per cent. 

Experiment J—Done in the same way as H; actual pressure in the final stage = 59°94 
inches. 3°8206 grm. of product gave 2°2845 grm. of carbonic acid, or 59°794 per cent. 

Experiment K.—Again, by intention, a repetition of H. Final pressure = 59°96 
inches. 2°527 grm. of product gave 1°5057 grm. of carbonic acid, or 59°584 per cent. 

Experiment L.—Carbonate of lithia was heated in carbonic acid, first for one hour 
under 2 inches of extra pressure, then for half an hour under 15 inches; or about 45 
inches of total pressure. This product was not analysed, because it consisted, part of 
a solid glassy fuse, part of glassy particles, and part of a dull powder. In Experiments 
J and K also the product did not present itself as a compact fuse, but in the form of 
glassy particles, which looked as if they had been produced from what was originally a 
fuse by spontaneous disintegration on cooling. But my subsequent experience enables 
me to affirm that fused carbonate of lithia,‘even if produced under pressure, is not 
subject to such disintegration. The aspect of product L showed that the temperature 
which prevailed in the tube, in that experiment at least, was not sufficient to produce 
a homogeneous fuse, hence the apparatus was transferred to another room which afforded 
a better gas pressure, and the work continued there. For 

Experiments M, N, and P, the substance for analysis was prepared as in the case 
of H, except that the pressure in the final stage of the heating process was not 
necessarily the same. The exact values of these pressures, and the results of the 
analyses, are given in the following table :— 


* This analysis did not proceed quite regularly; yet I have no reason to suspect that the result is at all far out. 
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M, N. P. 
Pressure of CO, in tube, . 59°95 44°7 59°73 inch. 
Substance for analysis, 43870 42880 grm. 
CO, obtained, . 2°6174 2°5558 2°6027 grm. 
Percentage of CO,, . 59°663 59°604 59°518 


Experiment O.—Carbonate of lithium fused for one hour in a porcelain tube under 
carbonic acid of 29°5+2°2=31°7 inches pressure. 4°8665 grm. of the product gave 
2°9005 grm. of carbonic acid, or 59°601 per cent. 

The products M, N, O, and P were compact homogeneous glassy fuses. 

We will now proceed to discuss these results, and first of all notice that, in the 
porcelain tube experiments, only one, namely, Experiment F, which was made at 
29°2 inches of carbonic-acid pressure, gave a product containing free lithia; in all the 
rest, made at pressures from 31°7 inches upwards, neutral (or perhaps quasz acid) products 
were obtained. This shows that at the temperature which prevailed in the porcelain 
tube in these experiments the dissociation-tension of carbonate of lithia lies between 
29°2 and 31°7 inches of mercury. Another glance at the numbers shows that the carbonic 
acid taken up by the heated carbonate did not increase with the pressure of the carbonic- 
acid atmosphere under which it is prepared. The numbers, if taken as they stand, 
would rather point the other way. The mean of the percentages of carbonic acid found 
for products A, C, G and O, for which the pressure varied from 31°7 to 30°2, is 59°646, 
while the mean of the high-pressure experiments M, N and P is 59°595. 

We will now proceed to view the analyses as so many determinations of the value 
11,0, and begin with the case of Q, because these analyses afford an upper limit for the 
constant. A substance proved to contain free lithia gave in three well-agreeing analyses, 
(1), (2) and (4), 59°470 per cent. of carbonic acid; hence the weight of lithia which in 
it was associated with CO, = 44 parts of carbonic acid, amounts to 44 x 40°53+-59°470 = 
29°987 parts of lithia, and this, if the substance were normal carbonate, would be the 
value of Li,O, whence we should have Li=6°993. But the substance analysed, 
according to our analysis by chloride of barium, contained 0°060 per cent. of free lithia. 
Taking this number to be correct, we have Li,Q=13°943, whence Li=6'971. This 
latter number must of course be taken for what it is worth, but the value calculated 
from the uncorrected carbonic-acid determinations proves that Li must be less than 6°993. 

We will now pass to the analysis of product E, which ought to afford a lower limit 
for the true value Li, because the substance may have contained more, but cannot have 
contained less, than the proportion of carbonic acid corresponding to normal carbonate. 
From the percentage of carbonic acid found (59°678) we calculate Li,O=29°729 and 
Li=6°865. But this calculation is based upon only one analysis. 

The following table summarises the results of all the porcelain tube experiments, 
excepting F, which of course’is out-of court. The second column gives the pressure of 
the carbonic-acid atmosphere under which the respective carbonate was produced. 


| 
| 


452 PROFESSOR W. DITTMAR ON THE BEHAVIOUR OF THE 


Experiment. Pressure. Percentage of CO,. Li,O = 
O 31°7 59°601 29°824 
A 31°8 59°645 29°770 
B 59°529 (29913) suspected exp. 
C 31°8 59°655 29°757 
D 30°2 Not determined, but substance proved neutral. 
G 30°2 59°683 29°723 
N 44°7 59°604 29°821 
P 59°7 59°517 29928 
M 60°0 59°663 29°748 
H 60°143 (29°159) 
J 59°9 59°794 29°586 
K 60°0 59°584 29°845 


In addition to B, I exclude Experiment H, because the percentage of carbonic acid 
found is far higher than that obtained in any other of the high-pressure experiments, and, 
besides, the analysis was made with an exceptionally small quantity of substance. The 
mean of the other (nine) numbers is 29°778; from the deviations of the individual 
results from the mean, | calculate that the “ probable” error of the mean is = + 0°020. 
Hence Li=6°889+0°'010. If we allow only the low-pressure experiments (O, A, C, G) to 
vote, we have Li,O = 29°769 and Li= 6'8842+0°007 ; but we have no excuse for excluding 
the high-pressure experiments. Another question is whether we may not neglect Experi- 
ments J and P as being in all probability infected with abnormal errors. In their case, 
indeed, the deviations from the mean amount to about three times the probable error of a 
single determination, which is + 0°06. If we do exclude these two results, the mean of 
the remaining seven becomes equal to 29°784 for Li,O and 6°892 for Li with a probable 
error of + 0°0136 for the former. I adopt this number 6°892 + 0°007, or rather 6°89 = 
Li, as the net result of my work, the more unhesitatingly as it, after all, does not differ 
much from the general mean of the nine experiments. But, how does it agree with the 
results of previous observations by others? Of these the following chiefly come into 
consideration:—* 

I. MALLET, in 1857, analysed chloride of lithium in two ways, namely— 


A. By determining the chlorine gravimetrically as chloride of silver ; results of two 


analyses— 
Minimum. Maximum. Mean. 


li = 6947 6°950 6°949 


B. By titrating the chlorine with silver ; one analysis gave Li = 6'934. 
II. Troost, in 1857,t analysed carbonate of lithia dried, “sometimes in vacuo, 


* I quote from LorHar Meyer and Seusert, Die Atomgewichte der Elemente, Leipzig, 1883. With Lornar 
Meyer and Seubert, “Mean” means not the arithmetical mean of the several determinations, but the result as it 
comes out if all the analyses are calculated as one. Thus, for instance, in the case of four analyses of chloride 
of lithium by nitrate of silver, the four quantities of chloride are added together, and compared with the sum 
of the four precipitates of chloride of silver. 

+ LorHar Meyer and Szvusert refer to a memoir published in 1857. I find, in the Zeitschrift fiir Chemie for 
1862, an abstract of a memoir of Troost’s on the same subject, in which the numbers quoted as immediate data of the 
analyses agree with those given by LorHar Meyer and SEvBERT. 
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sometimes at 200°,” by igniting a known weight with powdered quartz and determining 
the loss of weight. He found, in two analyses— 


Minimum, Maximum. | Mean. 


6°986 7°021 


III. Drext, in 1857, analysed the carbonate, after drying it at 130°, by decomposing 
it with dilute sulphuric acid and ascertaining we loss of weight. Found in four 


analyses— 
Minimum. Maximum. | Mean, 


7-013 | 7-037 7-027 


IV. Troost, in 1857,* analysed the chloride by weighing the chlorine as AgCl. Two 
analyses gave— 
Minimum, Maximum. Mean. 


V. Sras analysed the chloride three times by titration with silver, and found— 


Minimum, Maximum. Mean. 


7028 7026 


VI. Sras converted the chloride into the nitrate and determined the ratio of 
LiCl : LiNO,; he found in three analyses— 


Minimum. Maximum. Mean. 


7-026 7-030 


‘ contrasting these several results with my own, Li=6°892, I naturally begin with 
the results of DirnL’s and Troost’s analyses of the carbonate, and note that they agree 
with one another but differ from me, DigHt by about +0°135 units=19 times my 
probable error, and Troost by +0°115=16 times my probable error. But Dresr 
determined his carbonic acid by means of a method of insufficient precision, and Troost 
dried his carbonate “sometimes in vacuo, sometimes at 200°,” and yet produces only two 
analyses! Besides, it is not proved that carbonate of lithia loses all its water at ordinary 
temperatures in vacuo, nor is it proved that it retains all its carbonic acid in azr at 200°. 
Supposing the negatives to hold, his value for Li must be too high. Hence his results, 
no more than D1gEHL’s, can be said to be incompatible with mine. 

In now passing to Matuet, I must admit that his three analyses of the chloride agree 
fairly well, and yet the mean of the two “ means” 6°942, is greater than my result by 0°05 
units=to seven times my probable error. But, at MALLer’s time Dumas’s excellent 
method for at the same time dehydrating and deoxygenating a metallic chloride (by heating 
itin HC] gas) was not invented yet; his chloride was bound to contain oxychloride, 
and his analysis to give too high a value for Li. 

But, unfortunately for me, Sras’s result is still higher than MALLEt’s, and /zs chloride 

cannot be presumed to have been contaminated with oxychloride, because, if his silver-; 


ie * See footnote, page 452. 
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analysis (as quoted under V.) had, on this account, given too high a result for Li, his 
determinations of the ratio LiCl: LiNO,; would have done the reverse, while in reality 
the two results are almost identical. It would be ludicrous for me to try and minimise 
the strength of Sras’s evidence against the correctness of my number, but, then, I cannot 
get over the fact, that my substance “Q,” although proved to contain free Li,O, and, in 
all probability not absolutely free of foreign metals, in three well-agreeing analyses, gave 
percentages of carbonic acid corresponding to Li=6°981, 7°004, and 6°997 respectively, 
without allowing for the free lithia, or for impurities. If my preparations had been 
absolutely free of magnesia, soda, &c., my value for Li would have become /ess than it 
did. If I have gone wrong, it can have been only through two causes :—My carbonate, 
having been produced in carbonic-acid atmospheres of from 80 to 60 inches tension, may 
have contained surplus CO,, perhaps in the form of a pyro-carbonate Li,CO,+CO,; or 
my method for the determination of the carbonic acid may be infected with a constant 
positive error. To settle these doubts, I caused Mr ANDERSON to make a few experiments 
with perfectly pure carbonate of soda according to exactly the same method as had. been 
employed in those lithia experiments which served for the calculation of the atomic weight. 

We had already ascertained that carbonate of soda can be fused in an atmosphere of 
carbonic acid without appreciable loss of carbonic acid (see next section). 


The results of these special experiments on carbonate of soda are given in the 
following table:— 


Re Il. IV. 
CO,-pressure, 59°7 292 29°2 inch. 
Substance analysed, 8°7906 5°5292 7'2228 49794 grm. 
CO, obtained, : 3°6446 2°2922 2°9960 2°0669 
Percentage of CO,, 41:460 41°456 41:480 41°509 
Calculated value of Na,O, 627126 62°136 62°076 62°001 


Hence, mean value of Na,O = 62°0847, and Na=23°042, which is a very fair approxi- 
mation to Stas’s value 23°053. | 

With these facts before me, I feel inclined to look upon Li= 6°89 as being at present 
the most probable value of this constant. | 


Carbonate of Soda. 


The earlier experiments on this carbonate were made with a supply of Natrum 
carbonicum purissimum from Trommsporrr of Erfurt, which, as a qualitative analysis 
showed, really was very pure. But it subsequently appeared to me that it would be 
more satisfactory to work with an absolutely pure salt; I accordingly, for the 
subsequent experiments, prepared a still purer salt in the following manner :— 

A quantity of purest soda-crystals (“purissimum” from Erfurt) was dissolved in 
water in a large nickel vessel, and almost, but not quite, neutralised with pure oxalic 
acid in the heat, to produce neutral oxalate, which separated out on cooling as a crystal- 
line powder. As neutral oxalate of potash is easily soluble in water, the trace of 
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potassium which the original salt in all probability contained, could be expected to 
remain in the mother-liquor, with the rest of the impurities. The oxalate of soda was 
collected on a filter, washed cautiously with water, dried, and ignited in platinum. The 
residual carbonate was dissolved (in a platinum basin) in water, a trace of insoluble 
matter filtered off, the filtrate evaporated to dryness in platinum, and the residue 
dehydrated at a dull red heat without fusion. A salt prepared in this manner was used 
é ; for the atomic-weight determinations reported on at the end of last section. 


? 


Experiment I.—8°462 grm. of (Erfurt) salt was heated in a current of pure and 
dry hydrogen for three hours by means of a powerful “Bunsen,” which raised the 
temperature of the salt to considerably above its fusing-point; and then for other two 
hours over a gas blowpipe. The experiment was then stopped with the view of deter- 
mining the weight of the residue;. but as the salt was found to have crept very perceptibly, 
besides having partially suffered volatilisation, the loss of weight observed is not worth 
stating. After this interruption the heating was resumed (the Bunsen and the blowpipe 
being used alternately), and continued until the crucible had been over the fire for in 
all ten hours, including five hours of blowpipe work. Of the product 2°0171 grm, were 


be, dissolved in water and the solution was made up to 18379 grm. This solution was 
preserved in a bottle under a vaselined stopper and parts of it used for the following 
analyses :— 


(1) As a preliminary test for caustic alkali, 50°434 grm. of the solution were mixed 
with excess of chloride of barium, the mixture allowed to settle in the absence of air, and 
the clear part examined. It was strongly alkaline; an aliquot weight was titrated with 
fifth-normal hydrochloric acid, which showed that the substance contained 13°59 per cent. 
of Na,O, uncombined with carbonic acid. 

(2) 50°399 grm. of solution, when decomposed with hydrochloric acid, &c., gave 
0°1871 grm. of CO, and 0°7857 of sulphate of soda. 

(3) 50°396 grm. of solution gave 0°1892 of CO, and 0°7850 of Na,SO, Hence we 


have— 
(2) (3) Mean. Calculated.* 
Carbonic acid, . . $383 34°20 34:02 34:07 
Soda, Na,O, . . 62:06 62°00 62°03 61°92 
Water, by difference, 4:11 3°80 3°95 4°01 
100°00 100°00 100°00 100°00 


‘These analyses consumed a considerable part of the product. The rest‘was put back 
into the crucible, and again heated in hydrogen over the blowpipe for five hours, with a 
view to seeing whether there would be any further diminution in the proportion of car- 
bonate, Unfortunately, however, when the crucible came to be opened, it was almost 
empty, and only 96°2 mgrm. of the product could be scraped together for an analysis, 


* On the assumption that the substance is a mixture of 82°16 per cent. of carbonate of soda, and 17°84 per cent. of 
= i NaOH, equal (the latter) to 13°83 per cent. of Na,O, which agrees fairly with the determination by chloride of 
wn. 


‘ 
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which gave 377 mgrm. of CO,=39°18 per cent., and 132°8 mgrm. of Na,SO,=60°31 per 
cent. of Na,O, leaving 0°52 for water, or :-— 


Na,O as carbonate, . 653 94:5 
H,0 as NaOH, 


Na,O as NaOH, . 
Other Na,O, by difference, 


05 
$2 3:2 


1000 100°0 


a very singular result, to which, however, as it was obtained by only one analysis of a very 
small quantity of substance, we must not attach too much importance. 

Thinking, rightly or wrongly, that the great loss of matter observed in this last 
experiment was owing more to the creeping-out than to volatilisation of caustic alkali, I 
endeavoured in the following experiments, Nos. 3 to 6, to prevent this by mixing the 
carbonate of soda operated upon with spongy platinum as explained above. This 
involved a slight modification in the method of analysis, consisting in this that the weight 
of substance analysed had to be determined indirectly, namely, by weighing the platinum 
cornet as it came out of the crucible (within a glass-stoppered wide test-tube), and again 
after expulsion of the carbonic acid and the complete removal of the soda-salt by 
exhaustive lixiviation with water. The spongy platinum was found to stick together and 
to the cornet, so that these operations offered no difficulty, although the washing process 
proved rather tedious. Experiment No. 3 was a mere rehearsal, to show the practicability 
of the method ; the results of Nos. 4, 5 and 6 are given in the following table :— 


(4) (5) (6) 


Time of heating over— 


(a) A Bunsen, . 18 hours Bunsen not used in 5 and 6. 
_ (6) The blowpipe, 1 hour 2 hours 4 hours 
Dry Na,CO, used, . 34784 1:0342 1:0068 grm. 
Product in cornet at the end, Bee 3 
as analysed, . 2°430 0°8264 0:4482 
Weight of CO, found, 0°8826 02991 01480 
Na,S0, obtained, 3°3908 11415 0°6376 
Hence by Calculation in Percentages— 
Carbonic acid, 36°321 36°193 33°021 
Soda, Na,O, 60°960 60°348 62°152 
Water, by difference, 2°719 3°459 4827 
100°000 100°000 100-000 


Assuming that the carbonic acid found is present as Na,CO,, and that the remaining 
soda and the water are united, as far as possible, into NaOH, the numbers, as they stand, 
would show that product No. (4) contains a small quantity of Na,O, uncombined with 
water, while (5) and (6) contain slight excesses of water. The anhydrous soda in No. (4), 
however, amounts to only about 0°3 per cent., and a very slight correction of the numbers 


HYDRATES AND CARBONATES OF THE ALKALI-METALS, ETC. 457 


suffices for causing it to vanish, as shown by the following entries for (4). Those for 
(5) and (6) are calculated from the uncorrected numbers. | 


Percentage Compositions of — 


(4) (5) (6) 
Carbonic acid, . . 86320 36°193 33°021 
Soda, Na,O, as carbonate, . . 51:090 46612 
Soda, Na,O, as NaOH, . 9479 9°253 15°533 
Water as NaOH, . 2°682 4°502 
Other water, . ; 0°782 0°332 
99°816 100:000 100°000 


Calculated percentage of Na,O in 


No. 4, 60°749 ; instead of 60°960 as found. 


Of the four products analysed, only No. (5) is proved to have contained a little “free” 
water ; and its presence is only too easily explained, as having been absorbed on the way 
from the crucible to the balance. A mixture of carbonate of and caustic soda is of course 
highly hygroscopic. For the very same reason it is impossible to prove that the products 
did not contain even a trace of anhydrous oxide of sodium, beside NaOH. But the 
balance of probabilities is against this assumption. Assuming the absence of Na,O to be 
proved, it would not follow that the caustic alkali is formed from the carbonate only 
by the chemical action of the hydrogen on the CO,; thus: Na,CO,;+H,=2Na0OH + CO, 
and none of it by a mere decomposition of the Na,CO, into CO, and Na,O. The question, 
I thought, might be decided by a repetition of the experiments in an atmosphere of nitrogen 
instead of one of hydrogen gas, and I thus came to carry out the following four experiments, 
Nos. (7) to (10). In Experiments (7), (8) and (9) the modus operandi, apart from the 
substitution of nitrogen for hydrogen, was the same exactly as in Experiments (4) to (6). | 
As the determinations of soda as sulphate ran away with a great deal of time, the last 
experiment (No. 9) was started before the analysis of product No. 7 could be calculated ; 
or else I should have found out sooner than I did what so clearly appears from the 
following reports, namely, that the hydrogen of the flame in this mode of operating 
diffuses through the platinum of the crucible, and produces a very tangible amount of 
NaOH. After some meditation on means and ways for keeping this hydrogen away from 
the alkali, I at last adopted (for Experiment (10) and later similar experiments) the method 
which I took occasion to describe on p. 443, &c., of this memoir, in connection with 
experiments on carbonate of lithia, 7.e., 1 placed the carbonate of soda in a platinum 
boat, and heated it in a muffle within a porcelain tube through which a current of perfectly 
dry nitrogen was passing from beginning to end. In the first experiment of this series 
(No. 7) the nitrogen was made ex tempore, by passing a current of dry air through a 
column of red-hot copper wire gauze and thence direct into the crucible; but it turned 
out that what was supposed to be nitrogen contained about 10 per cent. of oxygen. To 
my surprise the crucible at the end of the experiment was found to have been only very — 


| 
| 
| 
| 
| 
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slightly attacked by the alkali. In the subsequent experiments, the nitrogen was 
prepared by shaking air with a solution of pyrogallate of soda in one of the bottles of a 
Pisani gas-holder, the indiarubber tube connecting it with the other being clipped 
meanwhile. Our Pisani enabled us-to operate on about 10 litres of air at a time; and 
24 grm. of caustic potash sticks, 10 grm. of pyrogallol, and 400 c.c. of water were 
found to be convenient quantities for that volume of air. In each experiment we had 
two Pisanis full of nitrogen ready, and both so connected with the apparatus that, as 
soon as one was emptied, the other could be substituted for it without loss of time. The 
nitrogen of the gas-holder was, however, not used as it came out, but first passed through 
a tower of sulphuric acid and pumice, and thence through a tube full of red-hot copper 
gauze, before it entered the porcelain tube. The results of Experiments 7, 8 and 9 are 
given in the following table :— 


(8) (9) 
Time of heating,* ; . 1D 2°5 6°5 hours 
Product obtained, . 19978 1°731 2°0804 grm. 
CO, from it, . . . 08009 0-689 08385 
Na,SO, from it,. . . . 27096 2:358 28220 t 


From these numbers we have in percentages :— 


(8) (9) 
Carbonic acid, . . 40089 39°803 40°304 
Soda, Na,O, . . §9°252 59°509 59°258 
Water, by difference, . j . 0659 0°688 0:438 
100-000 100-000 100°000 

Or, by calculating the CO, into Na,CO,, and the water into NaOH, 

(7) (8) (9) 
Carbonate of soda, . . 96°681 95°991 97°199 
Hydrate of soda, NaOH, .. . 2868 3°062 1'949 
Oxide of sodium, Na,O, . 0388 0°948 0°852 
100°002 100°001_ 100°000 


In Experiment (10) the weight of dry carbonate started with was 2°3407 grm.; the 
heating, after attainment of the highest temperature, was continued for two hours; the 
loss of weight which the substance suffered was 0°1004 grm. Two analyses of the — 
were made ; the results were as follows :— 


ie II. 
Carbonic acid obtained, . . 05107 03836 
Sulphate of soda obtained, . 1°7027 1-276 


* Only the blowpipe used in all cases, 
: + Mean of two closely-agreeing determinations, In this ree (9) for the first time carbonate of soda from 
oxalate was used, 


HYDRATES AND CARBONATES OF THE ALKALI-METALS, ETC. 459 


Hence by calculation— Bx. iL Mean. 
Carbonic acid, . . 40648 40°765 40°706 
Oxide of sodium, Na,0, . §9°204 59°238 59°221 
Water, by difference, . — 0:003 

100°000 100°000 100-000 


The 0°073 per cent. of water may be put down as an observational error ; if we do so, 
and calculate all the Na,O not carbonate as Na,O, we have :— 


Carbonate of soda, . 98-168 


Oxide of sodium, . .  1°759 
99-927 


This experiment clearly shows, that at the temperature at which it was made (which, 
according to a direct trial with beads of the metals, lay somewhere between the fusing- 
points of gold and silver), carbonate of soda does suffer dissociation to a very ap- 
preciable extent. And, as the temperature which prevailed in those experiments which 
were made in a directly heated platinum crucible, must have been higher, we must 
presume that in these also, the reaction Na,CO;+H,;=2NaOH+CO was accompanied 
by a simple decomposition of carbonate into oxide and carbonic acid. 

From ScHEERER’S results (see p. 440) it would appear that the dissociation-tension of 
carbonate of soda has an appreciable value even at temperatures not far above the fusing- 
point of the salt; but it is not likely at such temperatures to come up to one atmosphere, 
So I thought, and to test my presumption, made the following experiment :— 

Experiment (11).—About 4 grm. of carbonate of soda (prepared from pure oxalate) 
was fused in a platinum crucible by means of a powerful Bunsen, and kept over this 
lamp for three hours, while a current of dry carbonic passed through the crucible. 
The carbonic acid was stopped shortly after the lamp had been withdrawn, and the 


contents allowed to freeze, The percentage of carbonic acid was determined twice with 
the following results :— 


I, Il. Mean. 
Substance taken, . 12244 grm. 19493 grm. 
Carbonic acid obtained, . 06112 0°8093 
Percentage of CO,,_ 41°75 41°52 41°63 


Pure carbonate of soda by calculation contains 41°466 per cent. To another 
preparation subsequently made, the chloride of barium method for the determination of 
caustic alkali was applied by Mr Henpverson, who obtained a negative result, although, 
according to his own synthetical results, less than 0°05 per cent. could easily have been 
detected. (Compare results given on p. 454.) Our preparation clearly was pure normal 
Na,0O,. It differed markedly from the ordinary preparation; while the latter is very 
decidedly hygroscopic and perfectly opaque, our salt was almost transparent like glass, 
and devoid of all hygroscopicity. It struck me that carbonate of soda fused at the 
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lowest sufficient temperature in carbonic acid would make a capital standard substance 
for the purposes of alkalimetry; I therefore caused Mr ANDERSON to prepare a fresh 
quantity, and determine its degree of hygroscopicity by quantitative experiments. He 
fused a quantity of perfectly pure carbonate made from oxalate over a Bunsen for one 
hour in carbonic acid, and allowed the fuse to freeze in the crucible. It was then taken 
out, broken into small fragments, and two separate quantities of these weighed out, 
namely, one amounting to several grammes on a watch glass, and another in a stoppered 
preparation tube. The watch glass was allowed to stand uneovered in the balance 
case, and weighed from time to time. After forty-five hours it had gained 0°2 mgrm. 
After having been allowed to stand for other seven days, it had gained 4°6 mgrm. 
The contents of the preparation tube during all the time had gained only 1 mgrm. 
The substance, as we see, is so little hygroscopic that, supposing it to be preserved in not 
too small fragments in a well-stoppered bottle, its weight could be relied on as remaining 
constant for a long time. 

At the very high temperature producible in a platinum crucible by means of a 
blowpipe, carbonate of soda loses carbonic acid even in an atmosphere of dry CO,, perhaps 
through rapid diffusion-in of H,. So at least it appears from the following experiment, 
which was made long before No. (11) :— 

Experiment (12).—3°1277 grm. of dry carbonate of soda (Erfurt puvissiniem) were 
placed in the hydrogen-crucible and heated in dry earbonic acid, first for two hours over 
a large Bunsen, then for other two hours over the gas blowpipe. The product was analysed 
with the following results —: 

2°7866 grm. gave 1°1497 of CO, and 3°731 of NaSQ,, criemanding to 41°258 per cent. 
of carbonic acid and to 58°491 per cent. of oxide of sodium ; total=99°749. The deficit 
of 0°251 per cent., if not due to errors, must be put down as water. By combining the 


carbonic acid with what it needs of Na,O to become Na,CO,, and calculating the rest of 
the Na,O as NaOH, we have— | 


Carbonate of soda, 99-498 
Hydrate of soda, NaOH, | : 0324 

100°000 


Normal carbonate of soda contains, by calculation, 41°47 per cent. of CO, and 58°53 
per cent. of Na,O. Unfortunately the chloride of barium method was not yet worked out at 
the time, so that the existence of caustic alkali in the substance was not proved directly. 


EXPERIMENTS WITH CARBONATE OF PoTasH. 


A supply of “ Kali carbonicum purissimum” from TrommsporF of Erfurt, when 
tested qualitatively, turned out to be so nearly pure that it might safely have been used 
for the experiments as it stood ; but on the principle of good is good and better is better, 


/ 

} 
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it was purified in the following manner :—A solution of the salt in water was poured into 
a solution of more than the calculated weight of tartaric acid in water acidulated with 
hydrochloric acid, the bitartrate allowed to settle, collected on a funnel over a small 
filter, and washed with small instalments of water, until the last washings were free of 
chlorine, when it was assumed that the small quantity of soda which the salt undoubtedly 
contained had passed into the filtrate ; the function assigned to the hydrochloric acid was 
to convert any calcium that might be present into chloride. 

The washed bitartrate was dried and heated in a covered platinum basin over a large 
flame, until all the organic matter was apparently destroyed ; the black mass was then 
treated with water, the charcoal filtered off, the filtrate treated with washed carbonic acid, 
until every trace of caustic alkali that might have been formed was sure to have been 
converted into, at least normal, carbonate, and then evaporated in platinum to dryness. 
The residue was made into a coarse powder, kept in a covered platinum vessel over a 
Bunsen at a temperature just short of the fusing-point of the salt, with occasional turn- 
ing over with a platinum spatula, and then preserved for the experiments. In the course 
of these it was observed that the caustic potash produced volatilised far more readily than 
the caustic soda had done in the previous trials with its carbonate, so that the outlet tube 
of the hydrogen crucible not unfrequently got clogged up, and had to be cleared by 
applying a special lamp and introducing a stout red-hot wire, to assist the hydrogen in 
blowing out the liquid alkali. 

Experiment I.—1°6714 grm. of dry carbonate of potash were mixed with spongy 
platinum, and the mixture, after having been put into a platinum foil cornet, heated 
within the gas-crucible in hydrogen for an hour and a half. Weight of product (as far 
as in the cornet after the heating process) =0°4892 grm. Carbonic acid in it, 0°1422 ; 
sulphate obtained = 0°6474. Hence, by calculation, 


Carbonate of potash, K,CO,, 91°346 
Oxide of potassium, K,0, 9°286 
100°632 


The apparent absence of alkali hydrate, KHO, in the product causes me to look 
upon this analysis with suspicion; I give the experiment for what it may be 
worth. | 

Experiment II.—In this experiment 9°45 grm. of carbonate of potash were used and 
placed direct in the crucible, without spongy platinum. The blowpipe was again used 


from the first, and the heating continued for an hour and a half. The product was 
analysed twice :— 


(1) (2) 
Substance taken, 1635 1676 grm. 
Carbonic acid obtained, . 05323 04861 
Sulphate of potash obtained, . 23468 2°1452 
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Hence by calculation— 
(1) (2) Mean. 
Carbonic acid, 29°008 29 °004 29006 
Oxide of potassium, 69°163 69°219 69°191 
Water, by difference, 1:803 
100°000 


If we calculate the CO, as K,CO,, and the rest of the alkali as tp there is a small 
excess of water left, thus— 


Carbonate of potash, 91°153 
Caustic 
Water, . 

100-000 


Experiment I[I.—An unrecorded weight of carbonate of potash was heated in the 
platinum crucible in nitrogen for an hour and a quarter, by means of the blowpipe. 
No spongy platinum used. 


1°4516 grm. of product gave 0°4508 of CO,, and 1°8337 of K,SQ,. Hence, by 
calculation— 


Carbonate of potash 97°595 
Hydrate, KHO, . 27115 

100-000 


Expervment IV.—An unrecorded weight of carbonate of potash was placed in a boat, 
and heated in a muffle, within a porcelain tube, in a current of nitrogen, for two 
hours. 


0°834 grm. of product gave 0°2645 of CO, and 1°055 of K,SO,; or 


Carbonate of potash, 99°663 
Oxide of potassium, 
1007120 


In another sample, Mr HENDErRson found, by means of the chloride of barium method, 
0°49 per cent. of K,0. 

Experiment V.—A quantity of carbonate of potash was heated in the platinum 
crucible in a current of dry carbonic acid, first for one hour by means of a small Bunsen 
and then for an hour and a half with a more powerful lamp. The residue, however, was 
not analysed, because it exhibited a brownish colour, as if the organic matter, in the 
ignition of the bitartrate, had not been quite completely destroyed. A similar colour had 
been noticed in the residue obtained in Experiment III., but not in that of Experiment IV., 
although the same preparation had been used throughout. I did not think, and do not 
now, that the remnant of organic matter (if there was any) amounted to more than 4 
minute trace ; yet to make sure that in this experiment at least there should be no 
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impurity of any kind or magnitude, a quantity of the carbonate was fused in instalments 
over the blowpipe in a platinum crucible, the fused salt dissolved in water, the filtered 
solution treated with carbonic acid, to saturate any caustic alkali and then again evapor- 
ated to dryness in platinum, and dehydrated without fusion. The experiment was then 
repeated with the purified salt, 2.e., a quantity of it was heated in carbonic acid, first for 
one hour with a small, and then for an hour and a half with a larger Bunsen, and 
allowed to cool in COQ,. The product this time had no brownish tinge about it; some 
parts of it had that glassy appearance which I had noticed in the corresponding kind of 
carbonate of soda. It was analysed twice, with the following results :— 


(1) (2) Mean. 
Substance, . 14442 1:9376 
Carbonic acid obtained, . 0°4594 06169 
Percentage of carbonic acid, 31°809 31°838 31°824 


Pure K,CO, contains, by calculation, 31°821 per cent.* 


Mr HENDERSON applied the chloride of barium method, and found no caustic alkali. 


The experiment is interesting chiefly as showing how perfectly normal fused K,CO; can 
be prepared. 


EXPERIMENTS WITH CARBONATE OF RvuBIDIUM. 


Let me state at once, that the word “ Rubidium” in this heading means “a mixture 
of rubidium and cesium, consisting chiefly of the former.” The research on the “ Chloro- 
platinate Method for the Determination of Potassium,” &c., which I carried out some time 
ago with Mr MacArrtuvr,t had left me in possession of a number of residues, from which 
such “rubidium” could be and was extracted by known analytical methods. The 
extracted rubidium was converted into normal sulphate, with the view, originally, of con- 
verting this into hydrate by means of baryta water, and the hydrate into carbonate by 
combination with carbonic acid. But caustic rubidia must be presumed to attack glass 
very strongly, and we had not at the time a large enough platinum vessel to spare, which 
would have enabled us to avoid contact of the caustic rubidia with glass. I therefore 
caused Mr HENDERSON to try and convert the sulphate into carbonate more directly by 
treatment with carbonate of baryta, water and carbonic acid, which last-named reagent 
was intended to convert the alkaline carbonate into bicarbonate as quickly as it is pro- 
duced, and to act as a solvent for the carbonate of baryta. To my surprise this very 
plausible method would not work; the process stopped long before the whole of the 
sulphuric acid had assumed the form of baryta salt. 

I therefore proposed to substitute oxalate for the carbonate of baryta, and was glad 
to find that the decomposition this time went on as desired. To produce an oxalate of 
baryta sure to be free of alkali, this salt was made by addition of a solution of pure oxalic 
acid to its calculated equivalent of pure baryta water, and then rendering the mixture 


* If K =39°136, as found by Stas. If K=39-00, the percentage becomes 31°884, I am far from taking it for 
granted that the close agreement of our number with Sras’s is not a mere accident. 


+ Transactions of the Royal Society of Edinburgh for 1887, p. 618. 
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slightly alkaline with more baryta. The precipitate was allowed to settle, washed, and 
dried. After a preliminary trial 7°86 grm. of the sulphate of rubidium were dissolved 
in about 400 c.c. of hot water. 6°6 grm. of oxalate of baryta were now added, and the 
mixture was allowed to stand for three hours with frequent agitation. As soluble 
sulphate was still present, the precipitate was filtered off, and some more of the oxalate 
added, which removed the whole of the SO, in other two hours. The filtered solution was 
evaporated to dryness and ignited gently in platinum. The residue was dissolved in 
water, a small precipitate (BaCQ,) filtered off, and the clear solution again evaporated to 
dryness in platinum and ignited. The total quantity of carbonate obtained in this and 
the preceding pioneering operations amounted to about 10 grm. Of this small supply 
more than one-fifth was lost in the first experiment. 

Experiment 1.—2°04 grm. of carbonate of rubidium were placed in the gas-crucible, 
and heated in a current of hydrogen over the blowpipe for one hour. When the 
crucible was opened, it was found to be empty: all the salt had volatilised ! 

Experiment II.—Seeing that the rubidium salt is so very volatile I took care this 
time to substitute an ordinary Bunsen for the blowpipe. About 2 grm. of the carbonate 
were operated upon, and the heating in hydrogen continued for one hour. The aspect of 
the residue showed that the salt had been in a state of fusion. For the analysis of the 
product, 1°4336 grm. of it were decomposed with hydrochloric acid in the usual apparatus, 
and the COQ, collected and weighed. It amounted to 0°2561 grm. or 17°864 per cent. of 
the substance analysed. The chloride solution produced was evaporated, finally in a 
small platinum basin and the residue dried at 150° for two hours; the salt was then 
moistened with water and again dried at 150°, to expel the uncombined hydrochloric | 
acid, and the drying process continued until the weight of the residue was constant, at 
1°5238 grm. 

This residue (supposed to consist of only chloride of rubidium), when dissolved in 
water, left a residue which was filtered off, ignited, and weighed. It weighed 3 mgrm. 
The filtered solution was diluted to 201°465 grm., and divided into two portions. In one, 
100°589 grm., the chlorine was determined with nitrate of silver; weight of chloride of 
silver obtained 0°9036 grm., corresponding to 0°22343 of chlorine or 0°4475 for the 
whole. The other portion, 201°465—100°589 grm., was treated with sulphuretted hydro- 
gen in the heat, which caused the formation of a small black precipitate. This precipitate 
was filtered off, ignited, and weighed, and found to amount to 3°5 mgrm., or 7°0 for the 
whole. The filtrate was evaporated to dryness, and the residue dried at 150° until 
constant in weight, at 0°760 grm., or 1°5178 for the whole. But this probably included 
a little sulphur from the excess of sulphuretted hydrogen, which had not been removed. 
The platinum-free chloride gave 0°8964 grm. of chloride of silver, corresponding to 0°22165 
of chlorine or 0°44267 for the whole. The 3 mgrm. of insoluble matter from the crude 
chloride were unfortunately not examined qualitatively ; the ignited sulphuretted hydro- 
gen precipitate consisted of metallic platinum. This platinum, no doubt, was present in 
the fuse in the form of PtO, + «R,0, produced, in spite of the hydrogen, at the expense of 
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the carbonic acid of the carbonate of rubidia, thus :—2R,O0CO, + Pt = PtO, + 2R,0 + 2CO. 
If this is so, then the insoluble matter obtained from the crude chloride must be presumed 
to have included chloroplatinate of rubidium. Supposing it contained nothing else, 
‘the 3 mgrm. of ignited precipitate consisted of the mixture PtCl,R,, and indicated 2°8 
mgrm. of PtO;R, in the substance analysed. 

The platinum-free chloride contained less chlorine than the crude by 4°8 mgrm., which 
agrees well with the 5°08 demanded by the 7 mgrm. of dissolved platinum found for con- 
version into PtCl, The 3 mgrm. of insolubles correspond to 4°0 mgrm. of PtCl,R,. 
Deducting these, and the 11°8 mgrm. of dissolved chloride of platinum, we have 1508-0 
mgrm. for the weight of the chloride of rubidium present as such or as chloroplatinate in 
the soluble part of the crude chloride. But the chlorine in this, as we saw, amounted to 
044267 =12°485x Cl mgrm. Hence we have RCl=1508°0: 12°485=120°78, and 
R= 85°33, which agrees with the equivalent of unmixed rubidium. At this, however, 
we need not wonder, as the cesium carbonate may well be presumed to have volatilised 
during the ignition process. The carbonic acid found amounts to 256°1=11°641 x 22 
mgrm. The total platinum found corresponds to 9°705 mgrm. of oxide=0°085 x 0°5 PtO, 
mgrm. 

Summing up, we have :— 


In Milligramme In Milligrammes, 
equivalents. absolute weight. 
Total rubidia, R,O, . 12°499 116654 
Carbonic acid, 11°641 256°10 
Oxide of platinum, . 0085 9°705 
Water, as RHO, : 0-773 6°957 
Total, . 1439°30 
The substance analysed 1433°60 
Excess found, i 5°70 


which just about corresponds to the “‘ water” found g* calculation. It does not follow 
that the water was absent, 7.e., the surplus rubidia all present as platinite or anhydride. 

To avoid unnecessary repetitions, let me state that in the following experiments (IIL, 
IV., and V.), when the carbonate was heated in dry nitrogen or carbonic acid, the product 
was platiniferous, as in the case of Experiment II.; and had to be analysed by a similar 
method. 

Experiment III.—1°308 grm. of carbonate of rubidia were heated in the gas-crucible 
over a Bunsen lamp in dry nitrogen for one hour. 1°0383 grm. of the product gave 
1093°7 mgrm. of crude chloride, yielding 5°5 mgrm. of (ignited) insolubles. The chlorine 
in the soluble part amounted to 318°02 mgrm; the chlorine in the platinum-free chloride to 
316°99 mgr. ; difference, 1:03 mgrm. But the platinum found in the solution was 5:2 
mgrm., demanding 3°78 mgrm. of chlorine for its conversion into tetrachloride. Hence 
one at least of the two chlorine determinations cannot be quite correct, and, ax we do not 
know which it is that is at fault, we will deduct these 3°78 mgrm. of chlorine from the 
318°02 found in the crude chloride, and adopt the mean between the remainder and the 
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316°99 found directly for the platinum-free chloride as representing the true value for 
the latter. This mean is 315°61=8°9018 x Cl mgrm.; so many equivalents of rubidia 
were in the soluble part of the chloride. In addition thereto, if we view the 5°5 mgrm. 
of ignited insolubles as consisting of PtCl,R,, we have, for this residue, 2°33 mgrm. of R,O 


and 2°85 mgrm. of oxide of platinum. The carbonic acid amounted to 197°0 mgrm. 
Hence we have— 


In Milligramme In Milligrammes, 
equivalents. absolute weight. 
Rubidia, R,O, . 89267 833°1 * 
Carbonic acid, . 8°9547 197-0 
Oxide of Platinum, . 0:0780 89 
Substance analysed, . 1038°3 


which agrees satisfactorily, but the equivalents of acid and of base do not balance each 
other. Remembering that the number for the carbonic acid by itself is uncertain by 
+ half a mgrm., and consequently the corresponding quotient by +0°023, the analysis 
may be read as showing that the product was normal carbonate of rubidia mixed with 
oxide of platinum. 207 mgrm. of the product were handed to Mr Henperson for the 
determination of the free base by the chloride of barium process, He found 0°07 mgrm. 
of Rb,O, or 0°03 per cent. But this corresponds to only a drop of the very dilute acid 
used ; hence what he really made out was that the product contains a just perceptible 
trace of free base. tt 

Experiment 1V.—Not feeling quite sure of the result of the last experiment, I 
repeated it with 1°838 grm. of carbonate, with this difference, however, that I handed the 
whole of the product to Mr HENpDERson for the determination of the free alkali by the 
chloride of barium method. He found, in 1°785 grm., 2°79 mgrm. of Rb,O, or 0°156 per 
cent. This, of course, includes the platinite, which must be presumed to have been present. 

Experiment V.—In this experiment 2°356 grm. of the carbonate were heated in the 
gas-crucible over a Bunsen in a current of dry carbonic acid for one hour. 1°3382 grm. 
of the product, when treated with hydrochloric acid, gave 252°0 mgrm. of carbonic acid 
=11°455 x 22 mgrm., and 1409°6 of crude chloride, containing 2°0 mgrm. of (ignited) 
insolubles, and, in the soluble part, 411°52 mgrm. of chlorine=c’, and 1°0 mgrm. of 
platinum, demanding 0°73 mgrm. of chlorine for its conversion into tetrachloride, 
The platinum and MHCl-free solutum contained ¢’=410°70 mgrm. of chlorine, 
=11°548xCl. Now, c’—c”=0°82 mgrm., which is a sufficient approximation to 0°73. 
The 2°0 mgrm. of insolubles (if PtCl,R,) correspond to 2°65 mgrm. of chloroplatinate ; 
hence the weight of the platinum-free chloride, calculated from the crude, is 
1409°6 — (2°65 +1°73)=1405°2 mgrm.; hence RCl=1405°2 : 11°584=121°31; whence 
R=85'85 and $R,0=93'85. The 2 mgrm. of ignited insolubles correspond to 0°83 
mgrm. of rubidia=0°009 eqq., and to 1°04 mgrm. of oxide of platinum, The total 
platinum oxide amounts to 2:20 mgm.,=0°019 x $PtO,, Hence we have— 

| * R=85'33, as found in Experiment II. 
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In Milligramme In Milligrammes, 

Equivalents, absoluie weight. 
Rubidia, R,O, . : 11°593 1088°0 
Carbonic acid, . 11°455 252°0 
Oxide of platinum, . 2'2 


Total, . 13422 
Which is 4 mgrm. more than the substance analysed,. 1338°2 

From the quotients it would appear that the substance contained 0°138 eqq. of rubidia 
not carbonate in 11°593 eqq. of total rubidia; yet the chloride of barium test showed no 
free alkali at all. 

It is rather remarkable that fused carbonate of rubidia at a red heat attacks platinum, 
even in an atmosphere of hydrogen, nitrogen, or carbonic acid. In the case of hydrogen 
an appreciable quantity of caustic rubidia is formed independently of the action of the 
platinum ; but whether a similar assertion holds in the case of nitrogen or carbonic acid, 
my analyses are not sufficiently exact to show. I hope, one day, to repeat these experi- 
ments in gold vessels, and to thus settle the question. 


SUMMARY. 


I. Regarding the Hydrates. 


The hydrates of barzwm and lithium, if kept at a red heat in an atmosphere of 
hydrogen, quickly lose their water, and become pure monoxides, obviously a plain case 
of dissociation in which the hydrogen plays no chemical part. The result, no doubt, 
would be the same in an atmosphere of nitrogen, or in a vacuum. The behaviour of the 


hydrates of the alkali-metals, Propety so called, still remains to be ascertained. 


Il. In regard to the Carbonates. 


1. Carbonate of baryta, if kept at a red heat in hydrogen, gradually loses its carbonic 
acid, and at last leaves a residue of pure oxide. In an atmosphere of nitrogen No 
decomposition takes place. 

2. Carbonate of lithia, at a red heat in hydrogen, loses its carbonic acid very slowly, 
but at last completely, and is reduced to Li,O. 

In an atmosphere of nitrogen, the same reduction takes place, but it proceeds still 
more slowly. A residue obtained after ten hours’ heating had, approximately, the 
composition Li,O + Li,CO,, indicating the existence of a relatively stable basic carbonate. 

In an atmosphere of carbonic acid, of any pressure from 30 to 60 inches of 
mercury, normal carbonate remains. The composition of this carbonate shows that the 
atomic weight of lithium is less than 7:00, the value demanded by my analyses being 
6°98+0°01. 

3. Carbonates of Soda and Potash.—These carbonates, if kept at a red heat in an 
atmosphere of carbonic acid, remain unchanged; in an atmosphere of nitrogen or 
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hydrogen they lose carbonic acid with formation of oxide, R,O, or hydrate, RHO. In the 
case of nitrogen, if contact of the substance with flame-gases be absolutely avoided, the 
change proceeds very slowly. A product obtained from the soda-salt had the composition 
Na,CO,+0°0306 Na,O. A product obtained from the potash-salt had the composition 
K,CO, + 0°00673 K,O. 

In an atmosphere of hydrogen the decomposition goes further, with formation of 
only hydrate, RHO. The most highly caustic products obtained had the following 
compositions :— 

In the case of soda, Na,CO; + 0°3332 Na,O.H,0, or very nearly 3 Na,CO, + 1Na,0.H,0. 

In the case of potash, K,CO,;+0°1134K,0.H,O; or approximately 9K,CO,+ 
1K,0.H,0. 

These formulz, however, have a purely arithmetical meaning. We have no reason to 
assume the existence of any such hydric carbonate as a chemical compound. That we 
never obtained a residue consisting. of unmixed hydrate is easily explained by the 
relatively great volatility of the latter. Imagine, at a certain stage of the change, the 
crucible contained x mgrm. of R,O as carbonate and y mgrm. of R,O as hydrate, then in 
the next second, a small weight of fresh hydrate proportional to x will be produced, and 
a small weight of the already formed hydrate proportional to y will be volatilised, so 
that, at the end of that second we have 2’ mgrm. of R,O as carbonate and y’ mgrm. of 
R,O as hydrate, where, approximately at least, 2’ =a—kx and y =y+kx—hy, where k 
and h are constants whose meaning-is obvious. The ratio x: y or the weight of R,O 
present as carbonate per unit-weight of R,O present as hydrate, passes from x : y to 

 2(1—k) 
x’: y and 
Supposing h is less than k, the denominator in the factor of © is greater than the 


y 


numerator, x’: y’ is less than x : y and this diminution will continue until at last the 
carbonate present per unit of hydrate will be nz/ and the residue consist of pure hydrate. 
This case is illustrated in our experiments on lithia, except that there the anhydride 
Li,O made its appearance. 


Supposing now h is greater than k, then, in the earliest stages of the process, ke is 


very great, so that the factor is less than unity ; the ratio «: y becomes less and less, 
but as it does so the denominator in the factor becomes less and less likewise and at 
last equal to 1—k, and the ratio x: y becomes constant. This will occur as soon as 2: y 
has assumed that value at which 


k+k- =0. or 
y 


when 


H1+2—7)= 
yk =0, or 
| 
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In the most highly caustic product, | obtained from carbonate of soda ; was equal 
to 3, hence in that experiment we may have had 
h h 
Smee) , or gad , or h= 4k. 


But both & and h are functions of temperature ; both must be presumed to increase when 
the temperature increases, but A may increase faster than k. If so, h: k and consequently 
x:y, v.e., the proportion of carbonate in the residue increases as the temperature rises. 
This would explain the apparent anomaly which presented itself in the experiment with 
carbonate of soda, detailed on page 028 ; provided the result was not owing to unobserved 
errors. 


VOL. XXXV. PART II. (NO. 12). | 4H 
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XIII.—On the Determination of the Curve, on one of the Coordinate Planes, which 
forms the Outer Inmit of the Positions of the Point of Contact of an Ellipsoid 
of Revolution which always touches the Three Planes of Reference. By G. 
Parr, Docteur és-Sciences. 


(Read 1st July 1889.) 

In a former paper (Trans. Roy. Soc. Edin., vol. xxxiii. part ii. p. 465) the ellipsoid 
under consideration was supposed to have its three axes different from one another in 
length. I consider now the more simpler case of an Ellipsoid of Revolution. The 
same notations as in the former paper shall be made use of, and for the establishment of 
some of the results which form the basis of the present paper, reference must be made to 
the former. 

The condition (§ [V. of the former paper) 


ys=0 
V.vjvk=0. 


This is to be satisfied for all points on the limiting curve. 
If we put generally for any point : 


c= VW 
we get by the expressions (§ VI.) of Wj, Wk: 


leads to the consequence 


M, =R,R,—-Q 
M,’ =P,Q —P.R, 
M,"=P,Q —P,R,. 


In the former paper we did not show the manner in which the coefficients P,P., &c., 
are obtained, we may therefore be allowed to shcw the method for one or two of them; 
as, for example, 


By the expression § III. we have 


= 


Vig i= 
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With the definitions (§ I1.) of x, y:, a: 


This gives then 


Z 
(—Sky) or 
and so on. 


In the case of Q, R,, R., we make some further transformation. 
wWQ = wa, — 9,2, | 


We have 


[it is to be remembered that ¢ is self-conjugate, therefore we have replaced 


Applying the formule 
| 
(where m= the first coefficient in the cubic relative to ¢), we get 
aes 
wQ=— Yok. 

Likewise in R,, R, we have respectively 

| (y,2—w*u!) = SkiV == 


(22—uht) Skgk. 
Thus 


wR, => 
wR, => 
In § XIII. of the former paper we have stated the formulas 
(Ql) y=v—4, 
(2) 


p namely being supposed in the plane of 7, k, we have assumed there 
p=jy tke 


2, 
k 
+2 y,— 
v 
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The last two terms in R,, R,, may now take the forms respectively 


w 

u* 

ot) = wt. 
So that we have also as 


The expression of M, now becomes 


But the first term is 


Substituting this, and multiplying the whole equation by 3 , we get 


u4vwM, = 
[ wy 4 | 


473 


Of course, if M,=0, the second member must vanish, the factor u‘vw which was intro- 
duced being never susceptible of vanishing; in other words, the centre of the ellipsoid 


being unable to coincide with one of the three planes of the octant. 


We may make further transformations before introducing the hypothesis b°=c’. 


Squaring the expressions of y, z, under the form, 


= 
wu(z—w)=—Y,, 


we get by the first 
| — 2u*vy = ur? ; 


the second member being 
Sig" 4 — Sig =SyVg 
1 
=— Skok. 


| 
| 
| 
w— 24 = | 
| 
| 
| 
| 
| 
D 
, (Skok , uty\ 
= (“2H 4 m +“) m2 
| um wm 
vw 
pkqy 
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| 


ute? — Sigj 
The equation in M, becomes 


VW 


—— 


+ —2u*wz) + v2(u*y? —m*vy)] 


+u®yz. 
Or, 


Ou 


™ 


— 2u*w* + urvy 


Assembling the terms in w’, v’, w’, and remarking 
= 
(J, becoming later =a’ + 2b), and having 


Ut — Qu*w* — = wu? — 2(v? w*)] 
= — 
= u{3u?—21,], 
we get 
vw 


(3) +u*y2[uvy + wz) 
| The expressions (1) (2) give 


2u*(vy + wz) = u(y? +2) 
+Skgk). 
But the last term 
= +1 Bigit+m,), as E8igi=2(+4)=—m 
Putting 
we get 
2ut(vy —(Sigi+m,), 
and the equation in M, becomes 
2uw 
™ 
+utys| (Sigi-+m,) 
+u(6u*— 4h) 


Hence 
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We have now two equations, the one giving the sum of vy and wz, the other giving 
(when multiplied by yz) the product vy x wz. 


Let us put for abbreviation, 
=t 


yates 
= (Sigitm,)=1, 
=L, 


we have 
vy 


mus 


vy X 


Then we may put 
1 
alt +L) +R 


1 
where 


We will now deduce two other expressions of v, w, from the equations (1), (2). But 
for this we must now have recourse to the hypothesis 


Bact, 


which constitutes the ellipsoid as a figure of revolution, the axis having the direction of a. 
In § I. of the former paper we have assumed by definition 


Making 6’=c’, and remarking 


we get 
As 
1 
m= 
becomes 


Likewise we have 


“lee 52) — wb? 
From these we deduce or 


BSBot+ ySyo= —w—aSaw , 
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Hence (as = &c.) 
wy? —2uvy =b*[w*?—a* —b*] 
—2u*we = b*{v? —a?—b*]. 


But 
uv? a? — ; 
as 
l, = 2a? =a?+ 26? 
therefore 


v 


Putting every term into the first members of the preceding equations, and ordaining, we 


get the quadrics, 
b2y? — Qu?yv + [w?y? + 6% u2 — b?)] =0 


b?w? — Qu?2w + + — b?)]=0. 


Hence in resolving as to v, w, 


by =wy+Y 
bw=w2+Z \ 
where 
uty? — +b%u2?—b2)], 
Z? = ute? — + b*(u? — b2)], 
or also 


Y?=(u2— 
Z? =(u? — b*)(w22? — . 


Eliminating v, w from both of their values we get 
2y(u*y + Y)= [t+ L,+2u*R] 


22 (u?z+Z) = | 


Putting 
4u4R? = R?, 2u7R=R’, 
namely, 
R= 
we get 
We have for L, | | 


and as 
(a2 +09) 
=P 


=U + 20° 


m 
=(— aE 


‘eu 
“tal 
wv. 
& 


| 
a 
an 
x; 
4 
i 
x 
a 
4 
ae 
4 
| 
vie 
+ 
de 
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we have 
L,=b(u?+a?). 
The equations (I.) (II.) contain the three elements y, z, and w? alone. 

To get rid of the three radicals R’, Y, Z, we must have recourse to squaring twice 
over. 

[(If we had, by a more direct process, operated at once on (1), (2), (3), in order to 
get rid of the three radicals u, v, w, we would not have the advantage of knowing that 
v and w were of the forms respectively 

E+C, E-—C. 
C being a radical) |. 

After squaring both members of (I.) we pass the radical YR’ into the second member, 

the rational parts into the first, and we get 


) ; 


16u*yY2—uty?) Su2yb?YR’ , 


or 


| + 8utyBXt-+L,) 

or by the values of Y’, R”: 
— b*)[u*y? + 6% u? ) =8u2yb2YR’. 
—8mus(t-+L+ 


We may suppress the factor 8u°yb®, by encroaching on s=y*z*. Thus putting 


= — 2u*[u*y? + 
— 
+u%(t+1,) 


yY'=YR’ 
= —ZR’. 


we get 


where we put also 
= —2u*{ + b?(u? — b*)] 
+u(t+L,). 


t=u*y?+ 


As we have 

we replace, in Y’, 
by t—ur2*. 

Then as 

L,=b*%(a? +’), 
Y’ = wp —2t + 2u22?— 2b%(u? — =] 

+i+b(a?+u*) 
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or grouping the terms in z’ together 
=u —t—b'u? +-28%)) 


and as 


1 
a? +2 =, 


[20% + 


2a%b?-+ L, = bea? 


L, =w(6u*—41,) 
+ Ly +L, = + + 
put this= L,. 


Thus we have, 
+ 
= wb), 
+ 


where 
L, = 3a°b? — u*(4a?+ 7b?) + 6ut. 


At the end of this paper we will show that we have identically 
M, 

% a, 
where (,, G2, @; are the scalar coffiecients of a decomposed parallel to 2, 7, k, so that 

+jd_+ka,. 
The equations M,’=0, M,”=0 give therefore no new relations besides those which we 
have deducted from (1), (2), (3). We may incidentally also remark here, that by the 
geometrical nature of the question we have identically 

Ya=0, 
because the point of contact (or of tangence) cannot change when the rotation-axis 
coincides with the axis of figure. 
We remark that Y’, Z’ are of the forms 


and remembering 
= (ya? — bt) uw? — 


— bu? —b%), 
we form the two combinations 
(III.) y?Y?+2°Z2 —(Y?+ Z?)R?=0 
(IV.) y*¥?— 


> 
i 
‘ 
‘ 
4 
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Remembering 
and that 
yA 
— —(y?—z)’s, 
we get 
(II1.) + (6? —u?)(u?r? — 2b*)R” 
+ 2x 2sX,X, 
+7°sX," 
(IV.) 
where 


X,= 
X, (La +t). 


R? = (t+ 
Let us separate the terms affected by s from those which are not. Then we get 


(IIT.) 2+ (b? —u*)(r2u? — 26*)(t + L,)? 
+ 
(IV.) X,2+u(b? —u*\(t+L,) 0, 


this last neglecting the factor (y’—2’), which gives a particular solution. 
Designating the two equations respectively by | 


and remembering 
+1 
ru? =t > abe 


we have. 
A=tu*[b%(l, —u*)—tP 
+t) 
+t)? 


B=t (Ly 
+ — + 4) 
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We see that A and B are of the third degree in t, and C and D of the second degree. 


The elimination of s gives us : 


consequently of the fifth degree in ¢. We must remember that we have put 


6 
(—D) = + Ly). 
Let us state the coefficient of ¢* in the equation (V.), 
The coefficients of ¢* in A and B are respectively, 


in A 


6 
in B,= 
The coefficients of ¢* in C, D, are respectively, 
in C x 


in 


Therefore the coefficient of # x ¢ or ¢ in (V.) will be 


As the terms in A beside the term b*¢’ are all divisible by b’, owing to L) = b’(a’ + uv’), 
and as the same remark applies to C in respect to bt’, and its other terms, we shall put 
A= BA’ 
6 


‘ 


Then the equations (III’), (IV’) (by dividing the first by b’, the second by 6’u’) may 
be put under the forms, 


ow 
_ and the s eliminated in 
| 
where A’, B’, &c., are of the form, 
=A, 


D=D,+D,t+@. 


| 
| 
D 
< 
be 
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These coefficients A», A;, &c., may now be deduced from the expressions, 
A’ = ty 
+t). 


B'=(L, +t)? 
+ 407b*[ 6*(1, — wu”) —t)(L, +t) 
+ +L, +1) 


+1, +8), 
Ly =b*%(a?+u*) 
L, = w(6u*—41,) 


L, = 2a**+ Ly +L, 
=3a*b? — u*(4a? + 7b?) + 


where 


The factor 
sue 
= a*h® 
is now of dimension zero. 
Considering s=y’2" in itself we may transform it in referring p to two axes j’, W’, of 


which 7’ is the bissecting line of the angle between J, k. 


Having then 
p=jytke=jy +k, 
we get 
and. 
We put 


y' =r cos 


zZ=rsin € 


| 
| 
| 
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then 
a= cos'26, 


and remembering 7’u’ =t, we have 


suo tu? 


Thus 
and also | 


The term independent of ¢ and wv’ in (V”) will be, 


x [a*b*] 
— 8a72b+.b*, 
+[—2b* x 1 x a*b*] [9a*b* — 8a*b*.07?] 
= 12a*b*l, —16a‘b§ | x 1 

= a®b"[12(a? + 2b?) — 166? — 267] 
= + 6b] . 


This shows that the equation (V”) does not admit the factor t. 
We have promised to establish the identity between 
@,’ Gg” 
where @,, M2, a; are the scalar coefficients of 
| a=ia, + ja; + kay 
and where M,, M,’, M,”, are the expressions which we have quoted at the beginning. 
We take R,, R. under the form 


wu 
Sk 
wR, + 3). 
Having 
Si pi 
as was shown before, we shall have 


vit, + uf (1-2) Si 


Uwy 


™m 


ge 
| 
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Dividing by wu’, and ordaining according to 
wv’ ww’ vw’ 
— + | 
Skok 


we get 


Let us bring u*M,’ to the same stage. We get 
u*M,’ = (uP, 


= (4 —y,) 


=[-n +2, + ut) | 


Thus 


We now recall (where n=a’?— b’) 
¢-'w=anSaw — bw 


= w+ w(a? + 


These give 
vt =b?+na, = 
u* = b?+ na,” 2, 
also 


am 1 = 
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Owing to 


_ _ Sigi+m, 


™m 


the term in M, in the first line will be 
a*b*—u*b*(a? + u*)+u® 
= u4(u?— b*)—a*b*(u? — b*) 
=(ut—a*b*yna,*. 
We need not transform the other terms of M,, except by changing the factors z,, y;, y;, 21, 
respectively into 


thus 
= 
k NAgU 
4 
VW 
Proceeding to transform u*M,’, and considering its first term, we remark 
Also 
, 

namely, 


we get for the term in question, 


Skok 


But 


b?w* = —b*(a? + 6). 


Hence the term becomes 
The second term in u*M,’ is 
The factor between 
= — b?) — — b*) | 
= (w? + — 67] 
= + 6? —v*)—us] 
The third and fourth terms in M,’ are respectively 


| > 
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and 
Hence 
4 
ths same expression than 
In the case of M,” we know that 


which, as 
= —j[M,P,+M’,Q +M",R,] 
+k[M,P,+M’,R,+M",Q ], 


gives zero identically for the coefficients of 7 and k. We have then by the second of 
these identities 


as = 
or 


3 


3 
Now the coefficient of = is 


AS 
we have 


(- - wna’, uw | 
The expression _| is 


u>(b? — u?) + b*(v? — a? — b*) + u4 
= 
We have then 


M M 


But 
; 
hence 
M",_M, 
a 


Thus in the case b’=c’, the three expressions of M,, M,’, M,”, when equated to zero, 
give only one distinct equation. 
We may remark that M,’ and M,” may be annulled by putting 
P,=0, P,=0. 


These two equations give four solutions as to a, Qs, a3, of which one is also given by 


= | 

| 

| 

| 
| | 


486 DR G. PLARR ON THE DETERMINATION OF 


M,=0, although M, is expressed independently of P,, P,. The equations P-=0, P,=0 
give 
=VY, = 


Squaring we get by the two first members 
This gives, with the third member wz, treated in the same way, 


1 
a,2=a,2=a,2 =3 


(owing to 


Consequently 


and w=v=w, as all three must be positive, and wu? + w’ =1, = (a@’ + 2b’). 

Let us substitute these elements into M, and verify the signs which can be attributed 
to the first powers of a, a2, a3! 

We have now owing to w=v=w" 


_ _ b*(u? — a?—b?). 
m 


Also 
vw 


= na,(ut —a*b*) 
—(na,+na;)[ut + b?u? — a?b? — b+] 
+1707 
In the second term grouping u‘—a’b’ together, and replacing b*(u? — b*) by nb*a,’, we get 


1 


We have 


ut—a*b? = (a?a,4— xn, 
where a@?=1—a,’. (This transformation can be shown by considering 
w=b?+na,?, and 
We divide by n’, and replace wv’ by u’=a’a,’+ b’a”; then we get 
‘M 
= (a, — dg (a*a,* — 
+ ba) — + 
= — — Ay) + 
= a?a,*[(a, — — as) 


* 
3, 
‘ 
l 
~~ 
‘ 
be 
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b?| 4 1 


2 


(because of a,’=4, a? =%). Hence 
na, 


= — as) 


+ 


If now we had a, = a; = —4as3, then (as they are all three of the same absolute value), the 
coefficient of a? would vanish, but that of b’ would be negative 
=} 2a,(—3a,*—2) 


and M, could not vanish. 


If a, = —a,= —as, then the coefficient of b? would become 
| 1 _ —4 
—1+3a, 97 


whereas the coefficient of a? would become + TF so that M, would vanish only for a? = b”. 
There exists therefore the only solution 


1 
which annuls M,, namely, the direction for a of the median line of the octant 2, 7, & (or 
its opposite direction, which does not alter the circumstances), 


The values of y and z now become equal, that is 
= —k(l, - 
l,—n=a?+2b?—(a?—b?) = 3)? 
Jb, 
This gives 
and 
t = = 2b. 


We have thus a system of values of ¢, u?, namely 2b‘ and 4/, respectively, which solve 


the equation (V”). It is, however, a certainty that this point y=2= ; 7 i does not 
1 


belong to the outward branch of the limiting curve, but that it forms a singular point of 
a branch (or branches) contained in the inside of the limiting curve as defined by We =0. 
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XIV.—On Ostracoda collected by H. B. Brady, Esq., LL.D., F.R.S., in the South Sea 
Islands. By Grorck Stewarpson Brapy, M.D., LL.D., F.R.S. (Plates I-IV.) 


(Read 3rd December 1888. ) 


Excepting the few species noticed in the Report on the Ostracoda of the “Challenger” 
Expedition, scarcely anything, so far as I know, has been published respecting the 
Ostracoda of the South Sea Islands. Prof. G. M. THomson has indeed published in the 
Transactions of the New Zealand Institute (1878), a paper on Crustacea, which includes 
a few marine and fresh-water Ostracoda of New Zealand ; and the Rev. R. L. Kina, in the © 
Proceedings of the Royal Society of Van Diemen’s Land (1855), described numerous 
species of Entomostraca, amongst which were several fresh-water, but no marine, 
Ostracoda. Dr Barrp also published a species of Cypridina from New Zealand. I have 
myself contributed to the Proceedings of the Zoological Socrety of London (1886) a 
paper on Entomostraca collected in South Australia, chiefly by Professor Ratpu Tate of 
Adelaide, including a considerable number of fresh-water Ostracoda; and in a French 
publication (Les Fonds de la Mer), edited by the Marquis pk Foti, there are likewise, by 
myself, descriptions of a few species taken at Nouméa, New Caledonia. There are also, in a 
paper of mine published in the Zransactions of the Zoological Society (1865), notes of 
a few Australian marine species. This, I think, represents the sum of our present know- 
ledge respecting the Ostracoda of these regions. 

The collection to be noticed in this memoir was taken entirely from material obtained 
either between tide-marks, or from very small depths of water—not as a rule exceeding 
6 fathoms. The material so obtained was, however, not collected with any view to the 
Ostracoda, and having been preserved in a dry condition, it has been impossible to obtain 
details of internal structure, as might have been done with spirit preparations. Besides 
the fact of a large proportion of the species being new to science, the collection presents 
the following points of interest:—First, some species, notably Bairdia amygdaloides and 
Bairdia foveolata, were found in considerable numbers, in fine condition and in various 
stages of growth, so that I have been able better to define and emphasise their characters, 
and so to place those species on a more stable foundation. It would have been interest- 
ing, had space permitted, to have given a series of drawings representing stages of growth 
and other variations in those species, but the more important points will be found briefly 
noticed in the text. Secondly, it would seem, from their abundance in some of these 
gatherings, that various Cypridinide occur in the living condition in great numbers 
between tide-marks. I am not aware that in the Northern Hemisphere any member of 
this family has ever been taken* except by the dredge, or in the tow-net over deep 
water. Professor G. M. THomson, however, mentions a species (Philomedes agilis) as 


* Except once in Herm, by the Rev. Dr Norman. 
VOL. XXXV. PART II. (NO. 44). 4M 


490 DR G. S. BRADY ON 


occurring in rock-pools in New Zealand. The genus Sarsiella (a Cypridinid) is strongly 
represented in tidal pools, as is also a new genus Pleoschisma, which is closely allied to 
Cypridina. On the whole, it would appear that an investigation of the littoral zone of 
- these islands would acquaint us with forms of the highest interest belonging to this 
particular group. The collection contains no gatherings from fresh water, but there 
occur several shells which apparently belong to fresh-water genera. These, as they are 
found only singly, I have not described. But it is interesting to note that there is one 
undoubted example of Cypris obliqua, Brady, a well-known British species, and another 
which perhaps may belong to Cypria ophthalmica, Jurine (compressa, Baird). One speci- 
men belongs apparently to the genus Limnicythere. This, as it presents sufficiently 
distinct characters, I have described and figured. Besides these there are a few specimens 
belonging probably to Cypris or Candona. All of them are probably interlopers, washed 
down from fresh water. I have not thought it necessary to insert a complete bibliography 


of the species, but have given references in all cases where they occur in the ‘“ Challenger” 
Report. 


Section I. PODOCOPA. 
Fam. CyPRIDIDA. 
Genus Phlyctenophora, G. 8. Brady. 

Phlyctenophora viridis, n. sp. (Pl. I. figs. 1, 2). 

Shell, seen from the side, elongated, subtriangular, highest just in front of the middle, 
height equal to half the length; dorsal margin obtusely angulated at its highest point, 
thence sloping almost in a straight line towards the front and with a gentle curve to 
the posterior extremity, which is placed altogether below the middle of the valve; ventral 
margin almost straight; anterior extremity broadly and evenly rounded, posterior narrow 
and rounded. Seen from above, the shell is ovate, widest in the middle, not quite thrice 
as long as broad, the sides rather boldly curved; extremities subacute, the posterior 
somewhat the more compressed of the two. Valves thin, pellucid, smooth and polished, 
greenish, variously mottled with patches of a darker hue, and showing faint longitudinal 
striations after the manner of Cypria exsculpta. Length ‘80 mm. 

The verticillate sac (‘“‘glandula mucosa”), antenne, and feet agree generally with 
those of the type Phlyctenophora zealandica, described in the Report of the “ Challenger ” 
Expedition. The caudal rami are slender and destitute of marginal sete, the apices 
bearing a single small seta and two long curved claws which, on the concavity close to 
the apex, have two or three lateral cilia. This pretty species appears to be one of the 
commonest and most characteristic littoral species of Samoa and Fiji, occurring plentifully 
in almost all the gatherings from those groups, as well as in dredgings from the Port of 
Nouméa. The best preserved and most highly coloured specimens are those from tidal 
pools ; dredged specimens are usually only empty shells. 
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Phlyctenophora (?) reniformis, n. sp. (Pl. I. figs. 9, 10). 

Shell, seen from the side, subreniform, greatest height situated in the middle and equal 
to half the length. The anterior extremity is broad and well rounded, the posterior 
rather narrower ; dorsal margin well arched, sloping gently to the front and with a steep 
curve backwards; ventral margin very slightly sinuated. Seen from above, the outline 
is compressed, ovate, widest in the middle, about three times as long as broad; anterior 
extremity acutely, posterior subacutely pointed. Shell smooth, almost colourless, slightly 
mottled. Length °75 mm. 

A few empty shells of this species occurred in shore-sand at Loma-Loma, in material 
from Suva mud-flats, and from the reef at Lufi-Lufi; but the specimens have probably 
lost their original colour, and the generic reference is doubtful. 


Genus Pontocypris, G. O. Sars. 


Pontocypris attenuata, G. 8. Brady (Plate I. figs. 3, 4). 


Pontocypris attenuata, Brady, Ann. and Mag. Nat. Hist., ser. 4, vol. ii. p. 179, pl. iv. figs. 11-14. 
? Pontocypris nitida, Brady, Linn. Soc. Jour. (Zoology), vol. xix. p. 303, pL xxxix. figs. 4-6. 


The specimens from which this species was originally described differ from those here 
figured both in shape and size, being considerably smaller, not so high in proportion to 
their length, and having no posterior spine. The full-grown South Sea specimens have 
a height more than equal to half the length, and are armed at the postero-ventral angle 
with a single short but stout spine. The surface is very faintly punctate, and is densely 
clothed with fine hairs. The types were taken at Mauritius, and the collections described 
in the present memoir contain young specimens of exactly the same character. The 
species occurred in dredgings from the port of Nouméa and in shore gatherings from the 
reef at Apia, Upolu. The length of the adult is 1:075 mm. 

A Ceylon species, described by me in the Journal of the Linnean Society as 
Pontocypris nitida, may perhaps belong to P. attenuata, and is probably the very 
young form of that species. 


Pontocypris gracilis, n. sp. (Pl. I. figs. 5, 6). 

Shell, seen from the side, siliquose, much elongated, greatest height in the middle 
and equal to less than one-third of the length, depressed and rounded in front ; posterior 
extremity much tapered and subacute, scarcely rounded. Dorsal margin arched, sloping 
with a gentle curve to the front and much more steeply behind; ventral margin almost 
straight. Seen from above, elongated, ovate, about four times as long as broad, widest 
near the middle, extremities acute. Surface of the valves quite smooth, bearing a few 
very small, distant papille. Length 1:07 mm. 

Habitat.—Between tide-marks, Levuka and Rambé Island. 


| 
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Pontocypris sicula, n. sp. (Pl. I. figs. 7, 8). 

Shell, seen from the side, slender, awl-shaped; greatest height equal to about one-third 
of the length, and situated near the middle. Anterior extremity depressed, rounded and 
narrowed ; posterior excessively depressed, produced and tapered to an acute point on the 
level of the ventral border; dorsal margin arched, highest near the middle, forming a 
gentle curve in front, but sloping steeply and in a right line quite to the posterior 
extremity; ventral margin straight. Seen from above, the outline is lanceolate, four 
times as long as broad, broadest in front of the middle, acutely pointed behind, subacutely 
in front. Surface of the valves smooth, covered with closely-set, minute, impressed 
puncta. Length 9 mm. 

Habitat.—Sava-Sava Bay, 4 fathoms. 


Fam. 


Genus Macrocypris, G. 8. Brady. 
Macrocypris decora, G. 8. Brady. 
Macrocypris decora, Brady, “‘ Ostracoda of Challenger Expedition,” p. 44, pl. i. fig. 3 a-d and 
pl. vi. fig. 8 a—. 


Found in shore-sand, Porcheron’s Beach and near Artillery Point, Nouméa; dredged 
in the port of Nouméa, 3-6 fathoms ; and between tide-marks, Vuna Point, Taviuni. 


Genus Bairdia, M‘Coy. 
Bairdia simplex, G. 8. Brady. 
Bairdia simplex, Brady, “ Ostracoda of Challenger Expedition,” p. 51, pl. vii. fig. 1 a-d. 


Halitat.—Vuna Point, Taviuni, Fiji, between tide-marks. The types were taken by 
the “ Challenger” off Heard Island. 


Bardia amygdaloides, G. 8. Brady. 

Bairdia amygdaloides, Brady, ‘‘ Ostracoda of Challenger Expedition,” p. 54, pl. ix. fig. 5 a-/, 
pl. x. fig. 2 a-e. 

Halitat.—Port of Nouméa, 3-6 fathoms; Suva, reef; Levuka, between tide-marks ; 
Mango Island, fringing reef; Rambé Island, between tide marks; amongst shore-sand, 
Loma-Loma; Vuna Point, Taviuni, between tide-marks. 

A very fine series of this species occurred in several of the gatherings above mentioned. 
In the living condition the shell is beautifully blotched with chocolate-brown, and is 
usually smooth or nearly so—never more than very moderately punctate, sometimes 
also bearing a few scattered silky hairs. The posterior extremity never has any well- 
developed beak, but ends acutely, sometimes in a single small spine. The marginal 
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serratures are very variable, but the anterior extremity is often minutely serrated, and 
the posterior portion of the ventral margin generally has a series of somewhat larger 
teeth. Seen dorsally, the outline presents considerable variation, being sometimes wide 
in the middle and very boldly and evenly curved ; in other cases the greatest width is in 
front of the middle, and the posterior portion is tapered. I have not been able to make 
out the meaning of these differences. In such specimens as I have dissected the 
rounded, tumid shells were, contrary to my anticipation, males. The more tapered 
‘form, with anterior tumidity, may perhaps be the female, but of this I am not sure. 
The figures given in the “Challenger” Report represent tolerably well the centrally 
tumid form only. 


Bairdia tenera, G. 8. Brady (Pl. I. figs, 11, 12). 

Bairdia tenera, Brady, ‘“ Entomostraca collected in Ceylon,” Jour. of Linn. Soc. (Zoology), 
vol. xix. p. 304, pl. xxxix. figs. 13-15. 

Shell, seen from the side, subreniform, highest in the middle, height somewhat less 
than two-thirds of the length; anterior extremity wide, obscurely angulated at its 
junction with the dorsal margin, and obliquely rounded below; posterior extremity some- 
what produced in the middle, but scarcely beaked, obliquely rounded off below; dorsal 
margin nearly flat for the greater part of its course, and sloping abruptly towards both 
extremities ; ventral distinctly sinuated in the middle, and minutely dentated towards 
the posterior extremity. Seen from above, compressed, ovate, widest in the middle, not 
quite thrice as long as broad ; extremities obtusely pointed. Surface of the shell smooth, 
beset with numerous very fine but rigid short hairs, and marked with closely-set im- 
pressed puncta. Length ‘85 mm. 

Halbitat.—Pools on reef, Lufi-Lufi; and Apia, Upolu.* 


Bairdia Crosskevana, G. 8. Brady. 
Bairdia Crosskeiana, Brady, “‘ Ostracoda of Challenger Expedition,” p. 58, pl. ix. fig. 3 a~c. 
Habitat.—Mud-fiats, Suva ; pools on reef, Lufi-Lufi ; and Apia, Upolu. 


Bairdia foveolata, G. 8. Brady. 

Bairdia foveolata, Brady, ‘Ostracoda of Challenger Expedition,” p. 55, pl. viii. fig. 1 a—f, and 
fig. 2 aS. 

Halitat.—Nouméa, shore-sand, and dredged in 2-6 fathoms; mud-flats, Suva; Sava- 
Sava Bay, 4 fathoms ; Lufi-Lufi, Samoa, pools on reef; Apia, Upolu, tidal pools ; Mango 
Island, Fiji, fringing reef; Vuna Point, Taviuni, between tide-marks. 

This species is largely represented in many localities. Like B. amygdaloides, it is in 
the living condition beautifully marked with blotches of a chocolate-brown colour, and is 

* The single specimen from which the species was first described was unfortunately lost by the draughtsman who 


made the drawings, but these Samoan shells seem to agree almost exactly with the description, and I have but little 
hesitation in referring them to the same species. 
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always covered with closely-set impressed punctations. These are even more strongly 
developed in very young than in older shells, where they tend to become obliterated by 
calcareous deposit. The beak is generally distinct, but never very largely developed. 
The anterior margin, and the posterior margin below the beak, are beset with short, 
blunt teeth, which are usually irregular, as if broken away in places. The specimens 
figured in the “‘ Challenger” Report are probably rightly referred to this species, but being 
all dredged in deep water, were old and worn shells deficient in surface ornament. Some 
specimens of B. foveolata approach very closely B. Milne-Edwardsu, and I am not sure 
that further research may not show that both forms belong to the same species. 


Bairdia Milne-Edwardsu, G. 8. Brady. 
Bairdia Milne-Edwardsii, Brady, “ Ostracoda of Challenger Expedition,” p. 56, pl. x. fig. 4 a-g. 
Halitat.—Nouméa, 2-4 fathoms; Levuka, between tide-marks , Loma-Loma, shore- 
sand ; reef and shore-pools, Apia, Upolu; Suva, pools inside reef. 


Bairdia ventricosa, n. sp. (Pl. IV. figs. 17, 18). 


_ Shell, seen from the side, oblong, subrhomboidal, nearly equal in height throughout, 
height equal to half the length. Anterior extremity rounded and very finely serrated 
below the middle, posterior sloping very steeply. and in an almost straight line below the 
middle, then abruptly rounded off to the ventral margin, edge serrated ; dorsal margin 
straight, ventral also straight and parallel with the dorsal. Seen from above, oblong, 
subovate, with moderately arcuate sides and produced mucronate extremities, posterior 
extremity more compressed than the anterior ; greatest width in the middle and equal to 
half the length. Shell-surface marked throughout with closely-set, small, circular impres- 
sions. Length ‘75 mm. 

Found in shore-sand from low-water, near Artillery Point, Nouméa. 


Bairdia hirsuta (?) G. 8. Brady. 
Bairdia hirsuta, Brady, “ Ostracoda of Challenger Expedition,” p. 50, pl. viii. fig. 3 a-d. 
Habitat.—Port of Nouméa, 3-4 fathoms. 


Bairdia Woodwardiana, G. 8. Brady. 
Bairdia Woodwardiana, Brady, ‘‘ Ostracoda of Challenger Expedition,” p. 57, pl. xi. fig. 1 a-e. 
-Habitat—vVuna Point, Taviuni, between tide-marks. 


Two empty shells of this very curious species were found. They agree very closely 
with those figured in the “ Challenger” Report, but are even more attenuated behind, and 
one of them is decidedly more obtuse in front on the dorsal view. 


Bairdia truncata, n. sp. (Pl. II. figs. 1, 2). 
Shell, seen from the side, oblong, irregularly angular, height equal to half the length. 
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Anterior extremity narrow, scarcely rounded, bearing three or more small blunt, forward- 
pointing spines ; posterior obliquely truncated, narrow, lying altogether below the middle 
line, the obliquity looking downwards, divided into about six strong, sharp teeth; dorsal 
margin straight in the middle, sloping abruptly and almost in a right line at each 
extremity ; ventral margin straight. Seen from above the outline is very irregular, 
oblong-ovate, twice as long as broad, widest in the middle, extremities wide, truncated, 
and spinous. Shell-surface marked everywhere with rather large, irregular, subangular 
impressed puncta ; abruptly depressed within the anterior margin and over the posterior 
extremity. Length ‘56 mm. 

Halitat—One perfect specimen of this curious species was found in a gathering 
from pools on the inner reef at Apia, Upolu; another single valve in shore-sand from 
Porcheron’s Beach, Nouméa. 

The uneven outline of the shell, as seen dorsally, seems to indicate a distortion or 
malformation; but, apart from this, the characters are so peculiar that there can be no 
doubt as to its specific distinctness. 


Bairdia nodulifera, n. sp. (Pl. I, figs. 13-16). 

Shell, seen from the side, subreniform, highest in the middle, height equal to more 
than halfthelength. Anterior extremity obliquely rounded and minutely serrated below 
the middle, posterior produced below the middle into an obtusely angular beak, above 
which it slopes forwards with a distinct sinuation, the curve encroached upon by two slight 
rounded projections and minutely serrated below the middle; dorsal margin boldly arched, 

ventral slightly sinuated in the middle. Seen from above, compressed, ovate, widest in the 
- middle, more than twice as long as broad; lateral margins evenly and moderately convex, 
twice or thrice emarginate near the extremities ; extremities obtuse, subtruncate. Surface 
of the valves smooth, marked with closely set, small, circular impressions ; within the 
anterior border are three or four large, but not very prominent, rounded tubercles, and 
the posterior margins have a somewhat similar armature. These tubercles are not at all 
conspicuous when seen laterally, but the marginal irregularities produced by them, when 
seen dorsally or ventrally, are very characteristic. Right valve smaller and more angular 
than the left. Length ‘8 mm. 

Habitat.—Levuka, between tide-marks. One specimen only seen. 


Bairdia tuberculata, G. 8. Brady. 
Bairdia tuberculata, Brady, “‘ Ostracoda of Challenger Expedition,” p. 60, pl. x. fig. 3 a-d. 
Habitat.—Port of Nouméa, 3-6 fathoms. 


Bairdia expansa, G. 8. Brady. 
Bairdia expansa, Brady, “ Ostracoda of Challenger Expedition,” p. 58, pl. xi. fig. 2 a-e. 
Habitat.—Lufi-Lufi, reef and shore-pools; Apia, Upolu, reef and shore-pools 
Nouméa, between Ile Pore-Epic and shore, 2-6 fathoms. 
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Genus Anchistrocheles, Brady and Norman.* 


Shell reniform, much compressed ; anterior extremity very oblique, ventral margin 
deeply sinuated. Antennules six-jointed,t the last five joints nearly equal and very short, 
their united length only equalling about one-third of the first joint, hairless except the first 
and fifth joints, each of which bears a single seta of moderate length; the only fully setiferous 
joint is the last, which bears an apical brush of about ten long sete ; antenne five-jointed, 
bearing at the apex two rather long sete and a still longer curved claw, which consider- 


Anchistrocheles furmta. 


1, Antennule ; 2, Antenna; 3, Mandible; 4, Maxilla; 5, Branchial plate 
of maxilla; 6, Foot of first pair (a) rudimentary second maxilla ; 
7, Foot of second pair; 8, Candal ramus; 9, Copulative organ of 
male (v.d.), vas deferens (all much magnified). 


ably exceeds in length the entire limb, and is bent rectangularly at the apex, so as to form 
a minute hook. Mandible slender, toothed at the apex ; first joint of the palp bearing a 
small trisetose branchial appendage, but otherwise almost destitute of sete, except at the 
apex. First pair of maxille provided with a branchial plate of moderate size; second 
pair (?) rudimentary, in the form of a setiferous, one-jointed appendage attached to the 


* Trans. Royal Dublin Soc., vol. iv. Series IT. p. 110. 


+ These anatomical details being taken from dried specimens, were not easily made out, and the number of joints 
here given differs from that of the Royal Dublin Society Memoir. I think the present enumeration is correct. 
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basal joint of the first foot. Two pairs of feet, both of them clawed and adapted for 
walking, the claw-of the first pair hooked (as in the antenne). Caudal rami extremely 
small, bearing three apical sete, two of them long and one very minute. Copulative 
organs of the male large and complex. 


Anchistrocheles fumata, n. sp. (Pl. III. figs. 13-14). 


Shell thin and fragile; seen from the side, reniform, greatest height equal to about half 
the length and situated in the middle; anterior extremity only slightly rounded, wide, 
obliquely subtruncate, the obliquity looking downwards and forwards ; posterior narrowed, 
somewhat produced in the middle, and rounded ; dorsal margin very gently and evenly 
arched, ventral deeply incurved in the middle. Seen from above the outline is elongated, 
ovate, about four times as long as broad, with nearly parallel sides; anterior extremity 
acute, posterior rounded. Shell smooth, transparent, smoky yellow with darker clouded 
patches. Length ‘75 mm. 

This very interesting species was found only in one gathering from shore-pools at 
Lufi-Lufi, Samoa. It forms a connecting link between the typical Cypridide and 
Cytheridz, the antennules having the long setose lash of a true Cyprid, while the antenne 
possess only a few rudimentary hairs in place of the usual fascicle of sete ; the abortive 
character of the second maxilla shows an approach to the Cytheride, while the presence 
of only two pairs of feet—the second of which, however, has the character belonging to 
that structure in the Cytheridee—indicates another approximation to the Cypridide. 
The British species, A. acerosa is known from the shell only, and, until the discovery of 
this Samoan species, was provisionally placed in the genus Cythere. 


Fam. CYTHERID. 
Genus Cythere, Muller. 


Cythere demissa, G. 8. Brady. 

Cythere demissa, Brady, “ Ostracoda of Challenger Expedition,” p. 66, pl. xii. fig. 7 a-j. 

The specimens here referred to agree closely with those figured in the “ Challenger” 
Report. The species seems to be common and widely distributed, but varies a good deal, 
especially in the number and development of the teeth on the posterior extremity. 

Habitat—Nouméa, in shore-sand, and dredged in 2-6 fathoms; Levuka, between 
tide-marks; Sava-Sava Bay, Vanua Levu, 4 fathoms; Mango Island, fringing reef; Rambé 
_ Island, between tide-marks ; Lufi-Lufi, Upolu, shore-pools and reef between tide-marks. 


Cythere crenata, n. sp. (Pl. II. figs. 35-36). 
Cythere crispata, Brady, “‘ Ostracoda of Challenger Expedition,” p. 72, pl. xiv. fig. 8 a-d. 
Shell, seen from the side, oblong, subreniform, highest near the front, height equal to 
at least half the length. Anterior extremity broad and well rounded, posterior narrowed, 
VOL. XXXV. PART IL (NO. 14). 4N 
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truncated, rounded off below, but forming an obtuse angle at its junction with the dorsal 
margin. Dorsal margin prominent over the anterior hinge, thence sloping with a slight 
outward curve to the posterior extremity, in front of which it is slightly emarginate ; 
ventral margin gently sinuated in the middle. Seen from above, ovate, more than twice 
as long as broad, circumference irregularly crenated or emarginate, sides subparallel, 
extremities obtusely rounded, but. not at all truncated, the posterior considerably the wider 
of the two. Surface marked with undulated ridges very variable in their development 
(but towards the posterior extremity disposed more or less transversely), and enclosing 
between them fossee of irregular shape and size. Length ‘5 mm. 

Hatbitat.—Nouméa, shore-sand, also dredged in 2-6 fathoms; Suva reef, Levuka, 
between tide-marks , Sava-Sava-Bay, Vanua Levu, 4 fathoms; Rambé Island, between 
tide marks ; Apia, Upolu, reef and shore-pools ; Mango Island, on fringing reef. 

The specimens referred in the “ Challenger” Report to Cythere crispata are undoubtedly 
identical with those here described, and bear certainly a very close resemblance to the 
European species Cythere crispata, but after examining minutely the large series of 
specimens found in these gatherings from Fiji and New Caledonia, I no longer think that 
they are properly referable to that species. The outline of the northern form is more 
flexuous, the ribs generally fewer and more prominent and enclosing larger hollows, and 
viewed dorsally the posterior extremity is distinctly truncated. Individual specimens, 
however, vary very greatly, and it is by no means easy to assign distinct limits to the 
three species crispata, crenata and canaliculata. 


Cythere ochracea, n. sp. (Pl. II. figs. 8, 9). 


- Shell, seen from the side, elongated, subsigmoid, greatest height in the middle, and 
equal to less than half the length. Anterior extremity evenly rounded, posterior rounded off 
below, and obscurely angulated above at its dorsal termination; dorsal margin gently and 
evenly arcuate, ventral incurved for the greater part of its length, slightly convex behind. 
Seen from above, the outline is elongated, hastate, widest near the posterior extremity, 
width and height equal ; from the widest point the sides approximate with a gentle curve 
to the front, which is attenuated and acute, while behind they converge suddenly with a 
slight sinuation, terminating in a subacute, slightly produced angle. Surface rather coarsely 
pitted, the hollows running together so as to form flexuous grooves, which run mostly in 
an oblique direction, except on the anterior portion of the valve, where they are more or 
less distinctly concentric. In young adults the pitting is the most conspicuous feature, 
but in older specimens this gives place largely to the grooved sculpture. Colour 

yellowish-brown. Length ‘5 mm. 
_ Habitat.—Nouméa; in shore-sand from Porcheron’s Beach, and Artillery Point. 


Cythere inflata, n. sp. (PI. II. figs. 3-5). 
Shell, seen from the side, oblong, slightly flexed, greatest height situated near the 
front, and equal to half the length. Anterior extremity rounded, produced slightly below 
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the level of the ventral margin, posterior obliquely truncated, the obliquity looking down- 
wards, slightly convex and angulated both above and below ; dorsal margin highest in 
front, flattened in the middle, then sloping very gently to the posterior extremity, just 
in front of which it shows a short sinuation; ventral margin slightly sinuated. Seen 
from above, the outline is wedge-shaped, the greatest width equal to half the length and 
situated near the posterior extremity, which is flattened, almost truncated, but widely 
rounded at the angles; from the widest point the sides converge almost in a straight line 
forwards, showing a slight constriction just in front of the middle, and meeting rather 
abruptly at the extremity. Shell-surface marked throughout with rather coarse im- 
pressed puncta, and raised at the posterior extremity, so as to form a transverse ridge or 
erest, which, in the dorsal view, is seen asa prominent angle. Only in some specimens, 
however, is this ridge seen; the figured specimen does not show it in the dorsal view. 
Length mm. 

Halitat—Suva, mud-flats between tide-marks; Levuka and Vuna Point, Taviuni, 
between tide-marks; Sava-Sava Bay, 4 fathoms; Rambé Island, between tide-marks ; 
Loma-Loma, shore-sand ; Lufi-Lufi, Upolu, shore-sand. 


Cythere ovals, G. 8. Brady (Plate II. fig. 12). 
Cythere ovalis, Brady, “‘ Ostracoda of Challenger Expedition,” p. 66, pl. xiv. fig. 4 a—d. 
Halitat.—Mango Island, 2-3 fathoms. 


Cythere caudata, n. sp. (Pl. IL. figs. 10, 11). 


Shell, seen from the side, oblong, subquadrate, more than twice as long as high. 
Anterior extremity evenly rounded, posterior produced, forming a wedge-shaped pro- 
jection, the apex of which is rounded off and situated below the middle line of the valve ; 
dorsal and ventral margins nearly straight and parallel, the ventral very slightly sinuated. 
Seen from above, oblong, subovate, three times as long as broad, sides parallel for the 
greater part of their course, gradually converging from the anterior third to the subacute 
extremity, dipping abruptly behind and terminating in a strong central mucro. Shell 
surface marked with closely-set, small, oblong depressions, the long diameters of which 
coincide with the long axis of the shell. Length ‘46 mm. 

Habitat.—Sava-Sava Bay, Vanua Levu, 4 fathoms. 


Cythere Scotti, n. sp. (Pl. III. figs. 3, 4). 


Shell, seen from the side, subquadrate, higher in front than behind; height equal to 
rather more than half the length. Anterior extremity wide and boldly rounded, and 
bearing a variable number of small fringing spines; posterior imperfectly rounded, its 
lower half slightly produced and bearing about six blunt marginal teeth; dorsal margin 
prominent over the anterior hinge, thence sloping gently backwards with a slight smua- 
tion, and rounded at its junction with the posterior extremity, ventral almost perfectly 
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straight. Seen from above, very broadly ovate, greatest width behind the middle, and 
equal to two-thirds of the length, lateral margins boldly curved and forming a continuous 
sweep with the wide anterior extremity ; from the widest part of the shell the sides 
converge abruptly backwards, and terminate in a wide, truncated, central prominence ; 
margins everywhere jagged or crenated. Shell-surface marked with a raised reticulated 
pattern, enclosing irregular polygonal excavations. Length 1 mm. 

Habitat.—Banc de I’ Aiguille, Nouméa, 2-4 fathoms. A very fine and well-marked 
species, which I have pleasure in naming after Mr T. Scorr of the Scottish Fishery Board 
—a most able and industrious investigator of the Entomostraca and other Invertebrata. 


Cythere cuneolus, n. sp. (Pl. II. figs. 6, 7). 


Shell, seen from the side, oblong, quadrangular, highest in front, height equal to fully 
half the length. Anterior extremity well rounded, posterior narrow, obscurely angulated 
above, rounded off below, irregularly fimbriated or dentated; dorsal margin sloping with 
a slight convexity backwards, ventral sinuated near the front and gently up-curved towards 
the posterior extremity. Seen from above, the outline is hastate, with irregular margins; 
widest near the posterior extremity ; width and height equal; from the widest point the 
sides converge with an abrupt slant, broken by a conspicuous intervening prominence, to 
the posterior extremity, which is wide and truncated ; towards the front, which is also 
wide, but rounded, the sides converge more gradually, but in an undulated line. Shell- 
surface covered with closely-set fossze, and showing also one or two very vaguely-marked 
flexuous ribs. Length -45 mm. 

Habitat—Bance de l’Aiguille, Nouméa, 2-3 fathoms ; Mango Island, on fringing reef ; 
and from shore-sand at Loma-Loma. This may perhaps prove to be only the young form 
of some other species, the few specimens seen varying considerably in character,—but I 
am not acquainted with any to which it can properly be referred. 


Cythere torticollis, n. sp. (Pl. III. figs. 1, 2). 

Shell, seen from the side, oblong, somewhat higher in front than behind, height scarcely 
equal to half the length. Anterior extremity obliquely rounded, and slightly crenated 
below the middle, posterior produced in the middle, its lower half divided into five or six 
short and broad teeth; dorsal margin prominent over the anterior hinge, thence sloping 
gently in a sinuous line backwards; ventral margin slightly sinuous throughout. Seen 
from above, the outline is very irregular, twice as long as broad, widest near the posterior 
extremity ; lateral margins deeply indented at several points, converging suddenly and 
in a very zig-zag line to the posterior extremity, which forms a triangular, centrally- 


- emarginate prominence; the anterior extremity is wider, rounded, and emarginate in 


the middle. Surface of the valves very rugose, a wide rib just within and parallel to 
the anterior margin, an abrupt and irregular transverse ridge near the posterior extremity, 


and irregularly disposed ridges with numerous large fosse on the central portion. Length 
5°8 mm. 
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Habitat.—Nouméa, in shore-sand from near Artillery Point; also dredged in 2-6 
fathoms. 


Cythere Packardi, G. 8. Brady (Pl. IL fig. 19). . 

Cythere Packardi, Brady, “ Ostracoda of Challenger Expedition,” p. 88, pl. xix. fig. 2 a-d. 

The types of this species were found sparingly in a “ Challenger” dredging from off 
Booby Island. 

There are two distinct forms of shell, probably belonging respectively to the two 
sexes, One of these is well figured in the “Challenger” Report. This I believe to be the 
female; the other is figured in this paper. It differs from the “Challenger” form in 
being less tumid, and in having a much more pronounced production of the shell at the 
postero-ventral angle. The surface is marked with very prominent longitudinal ribs, which 
in the female are indicated only faintly, or not at all. The male is smaller, and has the 
hinge-tubercle much more strongly marked than in the opposite sex. 

Habitat.—Nouméa, in shore-sand from Porcheron’s Beach and Artillery Point, also 
dredged in 2-6 fathoms; Suva, mud-flats between tide-marks ; Levuka and Vuna Point, 
Taviuni, between tide-marks; Sava-Sava Bay, 4 fathoms; Rambé Island, between tide- 
marks ; Loma-Loma, in shore-sand; Lufi-Lufi and Apia, Upolu, in shore-pools. 


Cythere deltoides, n. sp. (Pl. II. figs. 17, 18). 


Shell, seen from the side, oblong, quadrangular, highest in front, height equal to 
rather more than half the length. Anterior extremity wide and moderately rounded, 
posterior much narrower, sharply produced below the middle into an angulated and 
irregularly dentated promontory, above which it slopes steeply backwards, the middle of 
the slope broken by a sharp angular projection; dorsal margin gibbous in front, thence 
sloping backwards in a sinuous curve, and terminating in a sharp angle; ventral margin 
straight or more or less irregularly sinuated. Seen from above, the outline is irregular— 
doubly triangular—a large anterior triangle whose base forms the widest part, and a 
much smaller posterior triangle applied by its base to the larger; anterior extremity 
rectangularly truncated ; the lateral margins diverging strongly and very irregularly to 
the base of the larger triangle, where they suddenly dip inwards at a right angle, running 
with a wide, much dentated sweep to the posterior extremity, which is narrower than the 
anterior and emarginate in the middle. Surface of the shell marked with numerous 
subcircular pittings, hinge-tubercle conspicuous, a more or less distinct ridge running 
obliquely across the valve from near the middle of the anterior margin to the posterior 
dorsal angle, the anterior portion of the valve ending precipitously in a transverse ridge 
at the posterior fourth. Length ‘66 mm. 

Habitat.—Port of Nouméa, in shore-sand and near Artillery Point, and dredged in 
2-6 fathoms ; Lufi-Lufi, Upolu, reef and shore-pools ; Apia, Upolu, reef and shore-pools. 
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Cythere prava, Baird. 
Cythere prava, Brady, “ Ostracoda of Challenger Expedition,” p. 92, pl. xxii. fig. 4 a-/. 

Halitat.—Suva, inside reef; Levuka, between tide-marks; Sava-Sava Bay, 4 fathoms; 
Vuna Point, Taviuni, between tide-marks; Mango Island, fringing reef; Rambé Island, 
between tide-marks ; Loma-Loma, in shore-sand ; Apia, Upolu, reef and shore-pools. 

This is the species noted in the “ Challenger” Report as being found in dredgings 
from the Admiralty Islands. It appears to be a common form among the South Sea 
Islands, but differs a good deal from the European type. 


| Cythere rectangularis, G. 8. Brady. 


| Cythere rectangularis, Brady, Les Fonds de la Mer, vol. i. p. 153, pl. xviii. figs. 13, 14; Linnean Soc. 
| Journal (Zoology), vol. xix. p. 310, pl. xl. figs. 7-9. 


Hatitat.—Nouméa, Porcheron’s Beach; Levuka, between tide-marks; Vuna Point, 
Taviuni, between tide-marks; Rambé Island, between tide-marks ; Loma-Loma, in shore- 
sand. 

| The specific name rectangularis is given in the “Challenger” Report as a synonym 
_ of Aude. This is a mistake, the shell figured as C. audei being quite distinct. The 
South Sea specimens here noticed seem to be certainly identical with those found in 
Ceylon, but they present a rather remarkable character, which is not visible in the Ceylon 
_ specimens,—the presence on the ventral margin, near the posterior extremity, of two 


_ very faint squamous dentations. This, however, though usual, is not visible on all 
shells. 


Cythere Goujoni, G. 8. Brady. 
“ Cythere Goujoni, Brady, ‘“‘ Ostracoda of Challenger Expedition,” p. 96, pl. xxv. fig. 7 a-g. 
A widely distributed, and on that account, perhaps, a variable species. It has already 
_ been recorded from Ceylon, Hong Kong, China, Port Jackson, and Booby Island. 
| Habitat.—Port of Nouméa, 3-6 fathoms. 


Cythere infundibulata, n. sp. (Pl. II. figs. 15, 16). 
Shell, seen from the side, oblong, subquadrangular, nearly equal in height throughout, 
_ height equal to half the length. Anterior extremity well rounded, divided into numerous 
short, blunt teeth; posterior produced and angulated a little below the middle, thence 
_ sloping with a very slight inward curve upwards and downwards; ventral margin almost 
| straight, slightly encroached upon in the middle by the central protuberance of the shell, 
rounded off in front, angulated behind; dorsal margin parallel with the ventral, sinuous, 
joining the posterior margin at an obtuse angle; elevated over the anterior hinge. Seen 
from above, the shell has somewhat the shape of a funnel with a large triangular prominence 
in the middle of the wide end; greatest width near the hinder extremity, and equal to 
about two-thirds of the length; from this point the lateral margins approximate with a 
convex curve until near the front, which is formed by a wide obtusely-rounded, sub- 
truncate process; backwardly the sides converge almost at a right angle towards the 
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median line, then sloping sharply backwards and forming a wide acutely-pointed process. 
Shell-surface covered with irregularly shaped, rather large pits, central portion very 
tumid towards the ventral margin. Length ‘77 mm. | 

Two or three specimens only were found between tide-marks at Vuna Point, Taviuni, 
Fiji. 

Cythere labiata, n. sp. (PI. II. figs. 20, 21). 

Shell, seen from the side, oblong, subquadrangular, highest in front, height equal to 
more than half the length. Anterior extremity well rounded, crenated ; posterior only 
moderately rounded, obscurely angulated above, rounded off below, bordered with 
strong teeth, which are longest below the middle; dorsal margin forming an angular eleva- 
tion in front, thence sloping gently in a broken, tuberculated line backwards; ventral 
straight, rounded off at each extremity, divided into closely-packed, rounded teeth. 
Seen from above, oblong, twice as long as broad, scarcely at all tapered at the extremities, 
which are wide and truncated; edges everywhere much broken and toothed. The 
surface of the valves is tuberculated indistinctly for the most part, but on the posterior 
half shows an imperfectly linear arrangement of some of the tubercles; the central 
area is moderately convex, and is separated from the surrounding dentated margin by a 
shallow furrow, extending round the shell, except on the dorsal margin ; the hinge-tubercle 
very large. Length ‘7 mm. 

Habitat.—Levuka, Fiji, between tide-marks. One specimen only. 


Cythere ichthyoderma, n. sp. (Pl. II. figs. 22, 23). 

Shell oblong, subquadrangular, highest over the anterior hinge, height equal to half 
the length. Anterior extremity well rounded, posterior subtruncate, only slightly 
rounded, much narrower than the anterior; dorsal margin forming a hump over the 
anterior hinge, thence sloping gently and almost in a straight line backwards; ventral 
straight. Seen from above; compressed, subovate, nearly thrice as long as broad, with 
very wide, equal, truncated extremities ; for the greater part the sides are nearly parallel, 
but at a short distance from each extremity they slightly converge. The surface of the 
valves is smooth, forming a convex area, encircled on all sides, but more especially in 
front and behind, by a wide, thickened lip. In well-marked specimens the central area 
shows, running obliquely across it in a longitudinal direction, two narrow squamous or 
tuberculated ridges, but one or both of these may be very faintly marked or even altogether 
wanting. The margins are dentated or spinulose at almost all points, except at the anterior 
_ part of the dorsum, just behind the hinge-tubercle ; on the anterior and posterior margins 
the teeth are generally short and blunt, and point directly forwards and backwards; while 
on the dorsal and ventral margins they are squamous in character, and have their points 
directed backwards. Length °77 mm. 

Habitat.—Port of Nouméa, 3-6 fathoms; Suva, mud-flats and inside reef; Sava-Sava 
Bay, Vanua Levu, 4 fathoms; Vuna Point, Taviuni, between tide-marks; Rambé Island, 
between tide-marks; Lufi-Lufi, Upolu, reef and shore-pools. 


| 
| 
| 
| 
| 
| 


504 DR G, 8. BRADY ON 


The figures here given show a shell with the spinous armature pretty well developed, 
but in some the squamous, pointed character of the central and dorsal spines is much 
more apparent, 


Cythere quadriserialis, n. sp. (Pl. II. figs. 27, 28). 

Shell, seen from the side, oblong, subquadrate, much higher in front than behind, 
height equal to more than half the length. Anterior extremity broad and boldly rounded, 
posterior much narrower, subtruncate or only moderately rounded, dorsal margin sloping 
steeply backwards, ventral almost straight. Seen from above, the outline forms a very 
irregular oblong, more than twice as long as broad, and widest behind the middle; very 
slightly narrowed towards the extremities, which are wide and truncated, the anterior 
deeply emarginate, margins extremely spinous and irregular. The surface of the valves 
shows a central convex area, encircled, except on the dorsum, by a wide, thickened flange 
or lip, which is everywhere bordered by short, closely-set, blunt teeth; the anterior margin 
terminates above in a strongly-developed spine or group of spines, and behind this, on 
the dorsal margin, are three widely-detached groups of very large and strong spines, each 
group consisting of about three coalescent spines; the central area of the valve is marked 
by two oblique ridges, composed of semi-detached bosses or tubercles, the upper rib 
being divided into two portions by a median gap. Length ‘85 mm. 

Halbitat—Nouméa, in shore-sand, and dredged in 3-6 fathoms, 

A very distinct and remarkable species, no two specimens of which are exactly alike. 
The specimen figured exhibits a strongly-developed dorsal armature, but the ridges of the 
central area are not so continuous or so well marked as in many. 


Cythere militaris, G. 8. Brady (PI. II. figs. 24-26). 


Cythereis militaris, G. 8S. Brady, On new or imperfectly known species of Marine Ostracoda 
(Trans. Zool. Soc., vol, v. p. 385, pl. lxi. fig. 9, a—d). 

Shell of the female, seen from the side, oblong, subquadrangular, highest in front, 
height equal to more than half the length. Anterior extremity wide and well rounded, 
posterior also rounded, but narrower ; dorsal margin sloping in a right line from the front, 
ventral straight. The central portion of the valves is smooth, convex, and bears three 
longitudinal rows of strong, blunt spines; the middle row extends almost the whole 
length of the shell, but is interrupted in the middle ; the upper and lower rows are much 
shorter, each about one-third of the length of the valve, and placed just within the mid- 
region of the dorsal and ventral margins. This central area is bordered in front and 
behind by a thick, encircling lip, and the entire circumference is fringed with strong 
spines, which on the anterior and ventral margins are usually short and squared, but on the 
posterior and dorsal margins, especially at the infero-posteal angle, are developed in fully 
grown shells into long, sharp, curved spines. Seen from above, the outline is oblong, 
widest behind the middle, with broad, truncated, and spinous extremities. The shell of 
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the male (?) is not so high as that of the female, and the posterior extremity is almost 
rectangularly truncate. Length (of both sexes) 1 mm. 

Halitat.—Suva Bay, 12 fathoms, My cabinet contains a good series of this fine 
species, from a dredging in Princess Charlotte Harbour, West Australia. An examina- 
tion of this series shows that the specimen figured in the Transactions of the Zoological 
Society (loc. cit.) is a young shell of the same species. I have, therefore, given here 
figures of the adult female form from the West Australian series. 


Genus Limnicythere, G. 8. Brady. 

LTimnicythere Fijrensis, n. sp. (Pl. II. figs. 38, 34). 

Shell, seen from the side, reniform, slightly higher in front than behind, height equal 
to rather more than half the length. Anterior extremity wide and boldly rounded, 
posterior narrower, somewhat oblique (the obliquity looking downwards), and not very 
fully rounded ; both extremities more or less crenated, the crenations sometimes extending 
even on to the dorsum ; dorsal margin very slightly arched, ventral deeply incurved in 
the middle. Seen from above, the outline is irregularly wedge-shaped, more than twice as 
long as broad, the greatest width near the hinder end, anterior extremity blunt and 
emarginate in the middle, the sides gradually diverging to near the posterior extremity, 
then converging rather suddenly and in an irregular line to the wide and blunt extremity. 
Surface of the shell thickly covered with small oblong, impressed markings, and bearing a 
more or less distinct central tubercle with a surrounding depression; within the ventral 
border is a not very distinct curved ridge, and in some specimens there are irregular 
faint undulated ridges on the central portion of the valve. Length ‘5 mm. 

Habitat.—Levuka, between tide-marks; Rambé Island and Vuna Point, Taviuni, 
between tide-marks; Mango Island, pools on the fringing reef; Loma-Loma, in shore- 
sand. . 

I have had no opportunity of examining the soft parts of this species, all the 
specimens being merely empty shells; but from the general characters of the shell, I 
entertain little doubt that it belongs to the genus Iamnicythere. 


Genus Cytheridea, Bosquet. 
Cytheridea spinulosa, G. 8. Brady. 
Cytheridea spinulosa, Brady, ‘ Ostracoda of Challenger Expedition,” p. 112, pl. xxxiii. fig. 6 ad. 
This species, originally described from specimens taken at Mauritius, seems to be 
widely distributed in the Southern Hemisphere. Amongst the “ Challenger” dredgings, 
it was found at Amboyna and in a deep dredging from the South Pacific. Amongst the 
gatherings here described, it occurs as follows:—At Nouméa, in shore-sand, from 
- Porcheron’s Beach and Artillery Point, and in dredgings from 2 to 6 fathoms ; mud-flats 
at Suva; at Sava-Sava Bay, Vanua Levu, 4 fathoms; and at Rambé Island, between 
tide-marks. 
VOL, XXXV. PART II. (No. 14). 40 


| 

| 

| 

| | 

| 

| 

| 


506 DR G. 8. BRADY ON 


Cytheridea flavescens, n. sp. (Pl. II. figs. 29-32). 


Shell of the female, seen from the side, subreniform, greatest height in the middle 
and equal to half the length, wide and evenly rounded in front, obliquely rounded behind, 
the obliquity looking upwards ; dorsal margin gently arched, ventral slightly sinuated 
in front of the middle. Seen from above, ovate, well rounded behind and subacutely 
pointed in front, more than twice as long as broad. Shell-surface smooth, yellowish, with 
darker clouded patches, bearing numerous distant, circular papille, and marked on the 
anterior, posterior, and ventral margins with short radiating hair-like lines. The shell of 
the male is more elongated, lower, and has the postero-ventral angle more pronounced. 

Length of the male, ‘8 mm. ; of the female, °75 mm. 

Hatbitat—Port of Nouméa, 2-6 fathoms ; Levuka, between tide-marks ; Sava-Sava 
Bay, Vanua Levu, 4 fathoms. 


Cytheridea consobrina, u. sp. (Pl. III. figs. 5, 6). 


Shell of the male, seen from the side, oblong, subovate, rather higher in front than 
behind, height equal to half the length. Extremities rounded, the posterior somewhat 
flattened, and bearing at its lower end a single strong, backward-pointing spine ; dorsal 
margin slightly arcuate, sloping gently downwards from near the front; ventral margin 
almost straight. Seen from above, the outline is ovate, about twice and a half as long as 
broad, and with subparallel sides ; obtusely pointed in front, rounded off behind. Shell- 
surface marked with closely-set subcircular excavations. Length 1 mm. The shells of 
the two sexes are alike in size, but that of the female is higher in proportion, and its 
posterior half is very tumid. 

This species is in shape and general appearance of both sexes not unlike the common 
Cytheridea torosa of Europe, but differs very decidedly in the character of its surface — 
markings, the fosse being much larger; the shell also is more elongated, and in the 


female much more tumid behind. It was found plentifully in shore-sand from near low- 
water mark at Nouméa. 


Genus Loxoconcha, G. O. Sars. 
Loxoconcha gracilis, n. sp. (Pl. IV. figs. 24-36). | 
Shell of the male, seen from the side, oblong-ovate, height equal to rather more than 
half the length. Anterior extremity well rounded, posterior obliquely truncated above 
the middle, rounded off below ; dorsal margin straight, ventral sinuated in front. Seen 
from above, compressed, ovate, more than twice as long as broad, widest in the middle, 
tapered gradually to the acute anterior extremity, abruptly towards the posterior, which 
is strongly mucronate. The shell of the female is shorter, and has a strongly-arched 
dorsum. Surface marked with closely-set rounded pits and a few distant circular papillee. 
Length of the male, 65 mm.; of the female, *55 mm. 
_ Habitat.—Nouméa, in shore-sand, and dredged in 2-6 fathoms; Suva, mud-flats and 
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pools inside reef; Levuka, between tide-marks ; Sava-Sava Bay, Vanua Levu, 4 fathoms ; 
Vuna Point, Taviuni, between tide-marks ; Mango Island, fringing reefs; Rambé Island, 
between tide-marks; Loma-Loma, in shore-sand; Lufi-Lufi; Upolu, reef and shore- 
pools. 

This is perhaps the most abundant of the species met with in these gatherings, 
occurring more or less plentifully in almost all. 


Loxoconcha avellana, G. 8. Brady. | 
Loxoconcha avellana, Brady, “‘ Ostracoda of Challenger Expedition,” p. 117, pl. xxviii. fig. 1 a-/. 


Habitat.—Port of Nouméa, 3-6 fathoms. 


Loxoconcha honoluliensis, G. 8. Brady. 
Loxoconcha honoluliensis, Brady, “ Ostracoda of Challenger Expedition,” p. 117, pl. xxviii. fig. 6 
a-f. 
Halitat.— Nouméa, in shore-sand, and dredged in 2-6 fathoms; Suva, mud-flats and 
pools inside reef; Apia and Lufi-Lufi, Upolu, reef and shore-pools. 


Loxoconcha australis, G. 8. Brady. 
Loxoconcha australis, Brady, ‘ Ostracoda of Challenger Expedition,” p. 119, pl. xxviii. fig. 5 a-f 
and pl. xxix. fig. 3 a-d. 
Halitat.—Nouméa, in shore-sand, and dredged in 2-6 fathoms. 


Loxoconcha pumicosa, G. 8. Brady. 
Loxoconcha pumicosa, Brady, ‘‘ Ostracoda of Challenger Expedition,” p. 118, pl. xxviii. fig. 2 a-d. 
Habitat.—Nouméa, in shore-sand, and dredged in 2-6 fathoms; Suva, inside reef ; 
Vuna Point, Taviuni, between tide-marks; Apia and Lufi-Lufi, Upolu, reef and shore- 


pools. 


Loxoconcha alata, G. 8. Brady. 


Loxoconcha alata, Brady, Ann. and Mag. Nat. Hist., ser. 4, vol. ii. (1868) p. 223, pl. xiv. figs. 
8-13 (not Loxoconcha alata of the ‘‘ Challenger” Report, which is Loxoconcha gibbera, Brady). 


Habitat.—Nouméa, in shore-sand near Artillery Point ; Sava-Sava Bay, Vanua Levu, 
4 fathoms. 


Loxoconcha anomala, G. 8. Brady. 
Loxoconcha anomala, Brady, “ Ostracoda of Challenger Expedition,” p. 123, pl. xxvii. fig. 5 a-d. 
Halitat.—Port of Nouméa, 3-6 fathoms ; Levuka, between tide-marks. 


Loxoconcha dorso-tuberculata, G. 8. Brady. 
3 Normania dorso-tuberculata, Brady, Trans. Zool. Soc., vol. v. p. 383, pl. Ixi. figs. 14 a-g. 


Habitat.—Suva, mud-flats; Levuka, between tide-marks; Vuna Point, Taviuni, 
between tide-marks ; Mango Island, fringing reef; Loma-Loma, in shore-sand. 
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Loxoconcha gibbera, G. 8. Brady (Pl. IV. figs. 27, 28). 
Loxoconcha gibbera, Brady, Linn. Soc. Journal, “ Zoology,” vol. xix. p. 312, pl. xl. figs. 19-21. 
Habitat.—Mango Island, fringing reef. 
The figures given with the original description of this species are so inaccurate that I 
have drawn it afresh for this memoir. The illustrations now given may be taken as 
good representations of the type. 


Genus Xestoleberis, G. O. Sars. 


Xestoleberis curta, G. 8. Brady. 
Xestoleberis curta, Brady, “ Ostracoda of Challenger Expedition,” p. 126, pl. xxxi. fig. 6 a-d. 
Habitat.—Nouméa, in shell-sand, and dredged in 2-6 fathoms; Mango Island, 
fringing reef; Lufi-Lufi, Upolu, reef and shore-pools. 


Xestoleberis variegata, G. 8. Brady. 
Xestoleberis variegata, Brady, “ Ostracoda of Challenger Expedition,” p. 129, pl. xxxi. fig. 8 a-y. 
Habitat.—Nouméa, dredged in 2-6 fathoms; Suva, mud-flats ; Levuka, between tide- 
marks; Sava-Sava Bay, Vanua Levu, 4 fathoms; Vuna Point, Taviuni, between tide- 
marks; Rambé Island, between tide-marks ; Loma-Loma, in shore-sand; Apia and Lufi- 
Lufi, Upolu, reef and shore-pools, and in shore-sand. 
Shells which I refer to this species are very abundant in almost all these gatherings. 


Xestoleberis granulosa, G. 8. Brady. 
Xestoleberis granulosa, Brady, “ Ostracoda of Challenger Expedition,” p. 125, pl. xxx. fig. 5 a—d. 
Halitat.—Port of Nouméa, 3-6 fathoms. 


Xestoleberis tumefacta,* G. 8. Brady (PI. III. figs. 7, 8). 
Xestoleberis tumefacta, Brady, ‘* Ostracoda of Challenger Expedition,” p. 128, pl. xxxi, fig. 4 a-d. 
Halitat.—Nouméa, 2-4 fathoms. 


Xestoleberis gracilis, n. sp. (Pl. III. figs. 9, 10). 

Shell, seen from the side, elongated, greatest height in the middle and equal to less 
than half the length. Anterior extremity much depressed, narrow and almost angular, 
posterior rounded; dorsal margin sloping with a gentle curve in front, evenly arched 
behind, ventral margin almost straight. Seen from above, the shell is ovate, widest 
behind the middle, width equal to fully half the length, tapered from the middle and 
acutely pointed in front, widely rounded behind. Shell quite smooth. Length ‘42 mm. 

Habitat.—Lufi-Lufi, Upolu, reef and shore-pools. 


Genus Cytherura, G. O. Sars. 
Cytherura marcida, n. sp. (Pl. III. figs. 24, 25). 
Shell of the male (?), seen from the side, rhomboidal, height the same throughout, and 


* The figures here given are taken from a specimen of extreme tumidity, but which seems to possess no characters 
sufficient to separate it from the ordinary form. 
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equal to half the length. Anterior extremity rounded and somewhat oblique, posterior 
having a broad median beak, above which it slopes steeply and with a slight convexity to 
the dorsum; below it is obliquely truncated, the obliquity looking downwards, and 
rounded off at the ventral angle ; dorsal margin straight in front, but elevated behind, 
and forming an angular hump; ventral sinuated in the middle. Seen from above 
irregularly lozenge-shaped, compressed, widest near the middle, more than twice as long 
as broad; anterior extremity broad, only slightly rounded; posterior very wide, truncated, 
and having a blunt median emarginate process ; sides converging gradually and with a 
somewhat sinuous outline to the front, and deeply excavated towards the posterior 
extremity. Shell-surface very rugged, with irregular but not very prominent flexuous 
longitudinal ribs, which are connected transversely at intervals so as to form a rough reti- 
culation ; the anterior hinge-tubercle is large, polished, and conspicuous. There are two 
distinct forms of this shell, probably sexual. The second form differs from that described 
above, in having a much more regular surface with less rugged sculpture, a more even out- 
line, and no angular hump on the dorsum. This I take to be thefemale. Length 6 mm. 

Habitat.—Suva, reef; Levuka, between tide-marks; Loma-Loma, in shore-sand ; 
Apia, Upolu, reef and shore-pools. 


Cytherura entomon, n. sp. (Pl. III. figs. 26, 27, 27a). 


Shell, seen from the side, subrhomboidal, height equal to rather more than half the 
length. Anterior extremity very oblique, slightly rounded, the obliquity looking upwards ; 
posterior broadly beaked above the middle, the apex of the beak emarginated, below this 
the extremity slopes sharply away backwards, forming a continuous line with the ventral 
margin; dorsal margin rugged, broken by numerous small blunt projections; ventral 
convex. Seen from above, the outline is jagged and very irregular, more or less ovate, 
obtusely pointed in front, more produced and acute behind, width equal to about one 
half the length; behind the middle there is on each side a conspicuous club-like process 
directed transversely outwards. Shell-surface marked with indistinct oblong impressions, 
their long diameters directed transversely ; towards the posterior extremity there is in 
some specimens a transverse series of about 5 or 6 backwardly-directed spines. Length 
‘>. mm. 

Habitat.—Port of Nouméa, 3-6 fathoms ; Sava-Sava Bay, Vanua Levu, 4 fathoms. 

The description applies to the largest and most rugged specimens; but others occur 
in which the surface is not nearly so rough, the lateral outline more regular, the strong, 
__ transverse processes being absent, and the posterior extremity produced in a linear fashion. 
A shell of this kind is represented at fig. 27a. 


Cytherura scutellata, n. sp. (Pl. IIT. figs. 30, 31). 


Shell, seen from the side, subrhomboidal, highest in the middle, height equal to more 
than half the length. Anterior extremity rounded, placed entirely below the middle line; _ 
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posterior produced in the middle into a large, wide, and truncated beak; dorsal margin 
boldly arched, sloping steeply behind and more gradually in front; ventral almost straight, 
rounded off at each end. Seen from above, the outline is elongated, subhexagonal, with 
straight, parallel sides, which converge abruptly towards the extremities; anterior ex- 
tremity obtuse, subtruncate, posterior produced, tapering and pointed at the apex. 
Surface of the valves deeply excavated into a few (about twelve) polygonal, saucer-like 
cavities, each with an elevated nodule in its centre. Length 43 mm. 

Hatlitat.—Levuka, between tide-marks. I have this species also from Princess 
Charlotte Harbour in West Australia. 

This resembles so closely the well-known European species Cytherura cellulosa, 
(Norman), that I at first thought the two to be identical. But C. cellulosa is more 
angular in outline, has no distinct beak, and the surface excavations are much smaller 
and more numerous than in C. scutellata. 


Genus Cytheropteron, G. O. Sars. 
Cytheropteron coccoides, n. sp. (Pl. III. figs. 20, 21). 


Shell, seen from the side, elongated, subtrapezoidal, nearly thrice as long as high ; 
height behind and in front equal. Extremities equal, depressed, produced and subangular 
below the middle, the anterior angle somewhat rounded ; dorsal margin almost straight 
in the middle, sloping with a steep curve at each end; ventral slightly sinuated in front, 
convex behind. Seen from above, oval, not quite twice as long as broad, widest in the 
middle; lateral margins evenly and boldly arcuate, extremities equal and almost rounded. 
Surface smooth, a slightly produced flange running round the valves, except on the dorsal 
margin. Length ‘46 mm. | 

Halitat.—Mango Island, fringing reef. 

A very near ally of this species is a European one, C. humile, Brady and Norman, 
but C. coccoides is more depressed fore and aft,is more tumid, more pointed in front 
when seen dorsally, and has a distinctly papillose surface. 


Cytheropteron rude, n. sp. (Pl. II]. figs. 15-17). 


Shell, seen from the side, subrhomboidal, highest in front, height equal to more than 
half the length. Anterior extremity very wide, obliquely rounded, the obliquity looking 
upwards ; posterior tapered, produced in the middle to a subacute angle ; dorsal margin 
high in front, sloping with a bold but irregular curve to the posterior extremity, ventral 
margin irregularly sinuous, angulated behind. Seen from above, the outline is hexagonal, 
widest in the middle, the width equal to nearly two-thirds of the length, lateral margins 
for the middle third of their course straight and parallel, converging with a steep slope to 
the acute anterior extremity, dipping at a right angle behind the middle, then sloping 
sharply to the posterior extremity, which is acutely mucronate. End view very irregular, 
wide at the base, which is produced laterally into rounded prominences, and is thrice 
emarginate in the middle; lateral margins very deeply sinuated, apex wide and emar- 
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ginate in the middle. Surface rugged, irregularly undulated and pitted ; a longitudinal 
aleeform process just within the ventral margin, but not strongly developed. Length 
‘43 mm. 


Habitat.—Sava-Sava Bay, Vanua Levu, 4 fathoms. 


Cytheropteron longicaudatum, n. sp. (PI. III. figs. 18, 19). 


Shell, seen from the side, oblong, nearly equal in height throughout, height equal to 
about half the length. Anterior extremity obliquely rounded, the obliquity looking 
upwards ; posterior produced into an acutely-tapering median triangular beak of great 
length ; dorsal margin convex before and behind, with a very deep median sinus ; ventral 
convex and rather sinuous, terminating in an abrupt angle behind. Seen from above, the 
outline is hastate, widest near the middle, width equal to two-thirds of the length ; from 
the widest point the sides converge with a bold convexity forwards, forming a lancet-shaped 
front ; posterior extremity forming a wide, tapering and very acute triangular process. 
Surface of the vaives deeply furrowed across the middle, bearing also a more or less 
distinct central tubercle in front of the groove, and several obscurely radiating ribs with 
small fossee in the interspaces. Length ‘57 mm. 

Habitat.—Suva, mud-flats ; Levuka, between tide-marks; Sava-Sava Bay, Vanua 
Levu, 4 fathoms; Rambé Island, between tide-marks ; Loma-Loma, in shore-sand. 


Cytheropteron guttatum, un. sp. (Pl. IV. figs. 29, 30). 


Shell, seen from the side, subovate, highest in front of the middle, height equal to 
about two-thirds of the length. Anterior extremity wide and rounded, posterior sub- 
truncated, slightly produced below the middle; dorsal margin well arched, obscurely 
angular over the anterior hinge; ventral straight, slightly sinuated in front and behind ; 
lateral ala moderately prominent, and rounded off at each extremity. Seen from above, 
the outline is lozenge-shaped, widest behind the middle, width equal to two-thirds of the 
length ; anterior extremity very obtuse, rounded; sides sloping with a bold convexity 
backwards, and near the posterior extremity dipping suddenly in a hollow curve to the 
extremity, which is wide and truncate, but narrower than the anterior. Surface smooth, 
marked throughout with closely-set circular, impressed puncta; hinge-tubercle polished 
and conspicuous. Length ‘5 mm. 

Habitat.—Nouméa, dredged in 2-6 fathoms. 


Cytheropteron (?) trilobites, n. sp. (Pl. III. figs. 22, 28). 


Shell, seen from the side, oblong, quadrangular, highest in front, height equal to 
about half the length. Anterior extremity wide, obliquely subtruncated, only moderately 
rounded ; posterior produced above the middle into a triangular beak, excavated below 
the middle; dorsal margin sloping rather steeply from the front, and showing two deep 
angular sinuations, one in front of and the other behind the middle; ventral nearly 
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straight, ending abruptly behind in a rectangular process. Seen from above, the outline is 
much like that of a trilobite, very wide and rounded in front, and narrowing a little 
towards the posterior extremity, which is wide and truncated, with a median triangular 
beak ; width equal to more than two-thirds of the length. There is a slight median 
prominence on the anterior margin, and a more or less distinct constriction of the lateral 
margins in front of the middle, each side ending behind in an acutely-produced angle. 
The surface of the shell is very irregularly rugose and nodulated. End view quadri- 
lateral, base very wide and prominent in the middle, apex wide and obliquely truncated, 
sides moderately convex, width greater than the height. Length ‘5 mm. 
Halitat.—Bane de |’ Aiguille, New Caledonia, dredged in 2-3 fathoms. 


Genus Cytherideis, Jones. 
Cytherideis baculoides, n. sp. (Pl. LIL. figs. 11, 12). 


Shell, seen from the side, elongated, oblong, equal in height throughout, height equal 
to not much more than one-fourth of the length. Anterior extremity suddenly depressed, 
rounded off, almost angulated below; posterior evenly rounded; dorsal and ventral 
margins parallel and perfectly straight. Seen from above, compressed, fusiform, more 


than four times as long as broad, acuminate in front, rounded off behind. Shell pellucid, 


smooth, with a few minute, scattered, dot-like hairs. Length ‘75 mm. 
Habitat.—Levuka, between tide-marks ; Sava-Sava Bay, Vanua Levu, 4 fathoms. 


Fam. PARADOXOSTOMATID2. 


Genus Paradoxostoma, Fischer. 
Paradoxostoma ovatum, n. sp. (PI. III. figs. 32, 33). 


Shell, seen from the side, ovate, highest behind the middle, height equal to half the 
length. Anterior extremity narrow, evenly rounded ; posterior obscurely angulated in 
the middle ; ‘the dorsal margin is boldly arched, and forms a continuous curve to the 
angulation of the posterior extremity, sloping steeply behind and very gently in front ; 
ventral margin very slightly sinuated in front, boldly convex behind, and continuous with 
the posterior extremity. Seen from above, compressed, fusiform, widest in the middle, 
more than three times as long as broad, extremities equal and acuminate. Surface 
smooth, colour greenish, with a dark mottled band in the middle. Length ‘5 mm. 

Halhitat.—Between tide-marks, Vuna Point, Taviuni; and Levuka, north of the town. 


Paradoxostoma Nove-Caledonia, n. sp. (Pl. IV. fig. 19). 


Shell, seen from the side, elongated, subovate, highest rather behind the middle, 
height equal to rather less than half the length. Anterior extremity narrow, evenly 
rounded ; posterior scarcely rounded, subangular; dorsal margin rather boldly arched, 
highest behind the middle, thence sloping with a steep curve backwards and much more 
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gradually to the front; ventral margin sinuated in the middle, up-curved at each extremity. 

Seen from above, compressed, ovate, widest in the middle, sides arcuate and tapering 

evenly to the extremities, which are pointed and nearly equal; not quite four times as 

long as broad. Shell smooth and pellucid, marked with opaque patches. Length ‘55 mm. 
Habitat.—Port of Nouméa, 3—4 fathoms. 


Paradoxostoma retusum, n. sp. (Pl. IV. fig. 20). 


Shell, seen from the side, oblong, flexuous, highest behind the middle, height equal to 
nearly half the length. Anterior extremity narrow, evenly rounded; posterior produced 
above the middle into a rounded beak, from which it slopes downwards and forwards with 
a full curve ; dorsal margin boldly arched, sinuated in front of the posterior extremity ; 
ventral rather deeply sinuated in the middle, behind which it forms a compressed and 
very convex marginal flange. Seen from above, compressed, widest in the middle, quite 
four times as long as broad; lateral margins evenly curved, anterior extremity obtuse, 
posterior acute. Shell pellucid, smooth, marked with opaque patches. Length ‘52 mm. 

Habitat.—Apia, Upolu, pools on inner reef. 


Section Il. MYODOCOPA. 
Fam. 
Genus Philomedes, Lilljeborg. 
Philomedes vellicata, n. sp. (Pl. IV. figs. 9, 10). 


Shell, seen from the side, oblong, subovate, greatest height in the middle, ae equal to 
half the length. Anterior extremity narrow, forming a rounded beak, beneath which is a 
rather shallow notch ; posterior obliquely truncate, the obliquity looking upwards ; dorsal 
margin moderately and evenly arched, rounded off in front, obscurely angular behind ; 
ventral evenly convex, rounded at both ends. Seen from above, the outline is ovate, much 
compressed, about three times as long as broad, with subparallel, slightly arcuate sides, | 
which are slightly constricted behind the middle ; obtuse in front, truncate behind, with a 
stout median prominence. Surface of the valves smooth, very finely punctated with linear 
dots, and marked behind the middle with a curved transverse furrow, which extends from 
the dorsal margin to below the middle of the valve. Length 1:1 mm. 

Habitat—Suva, pools on reef; Levuka, between tide-marks. 


Genus Pleoschisma,* nov. gen. 


Shell very dense, surface pitted, smooth or tuberculated; seen from the side subcircular, 
with a slight depression in place of a notch. 


Pleoschisma robusta, n. sp. (Pl. IV. figs. 18, 14). 


Shell, seen from the side, nearly circular, highest in the middle, height equal to more 
* gnrios, full ; a cleft. 
VOL, XXXV, PART II. (NO. 14). 4P 
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than three-fourths of the length; anterior extremity rounded and slightly sinuated 
(scarcely notched) below the middle ; posterior margin narrow and rectangularly truncate ; 
dorsal margin boldly arched, its hinder half scarcely at all curved ; ventral very strongly 
arcuate. Seen from above, ovate, with wide obtuse extremities; greatest width in the 
middle, and equal to less than half the length. Surface marked with closely-set circular 
punctations, and in old shells covered with a dense reddish-brown incrustation. Length 
‘9 mm. 

A shell presenting much the same general characters as the above, but smaller and 
more angular in outline and with a more distinct notch, occurred in the same gathering. 
This may perhaps be the male of P. robusta. I have had no opportunity of examining 
in detail the soft parts of the animal, all my specimens being dried shells and containing 
little or no remains of the internal structures ; but the fragments which I have seen agree 
in general character with Cypridina. 

Habitat.—Vuna Point, Taviuni, low-tide pools. — 


Pleoschisma moroides, n. sp. (Plate I. figs. 23, 24). 


Shell, seen from the side, subcircular, height equal to three-fourths of the length. 
Anterior extremity wide, feebly rounded, almost flat, notch obsolete ; posterior narrower, 
rounded, slightly sinuated above and below; dorsal and ventral margins moderately 
convex. Seen from above, broadly ovate, nearly equal in width throughout; extremities 
broad and rounded, the anterior rather the narrower of the two; lateral margins 
moderately arcuate, width equal to four-sevenths of the length. Surface of the shell 
minutely punctated, and in old specimens raised into circular bosses; colour dark brown. 
Length 1°2 mm. 

Halitat—Port of Nouméa, dredged in 3-6 fathoms; Suva, inside reef; Levuka, 
between tide-marks; Vuna Point, Taviuni, between tide-marks ; Mango Island, fringing 
reef. 

This curious species occurs not uncommonly in several of the localities above 
mentioned, but I have been unable to obtain more than very fragmentary specimens of 
the soft parts, which, so far as can be ascertained, closely resemble those of Cypridina. 


Pleoschisma reticulata, n. sp. (Pl. IV. figs. 11, 12). 


Shell, seen from the side, subcircular, greatest height situated in the middle and 
equal to three-fourths of the length. Anterior extremity broadly rounded, slightly 
sinuated below the beak, which is short and obtuse; posterior margin narrower, rounded, 
obscurely angular at its junction with the dorsum, but rounded off below; dorsal and 
ventral margins boldly convex. Seen from above, broadly ovate, widest in the middle, 
width equal to three-fifths of the length; extremities obtuse, rounded, rather more 
tapered in front than behind; shell-surface smooth, marked with a delicate reticulated 
pattern. Length ‘57 mm. 
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Only one specimen seen, and the locality in which it occurred was, unfortunately, not 
noted. 


| Genus Asterope, Philippi. 

Asterope cylindrica, n sp. (Pl. IV. figs. 7, 8). 

Shell, seen from the side, oblong, oval, of equal height throughout, height equal to 
two-fifths of the length. Extremities equal and well rounded, the anterior only slightly 
sinuated below the beak; dorsal and ventral margins quite straight. Seen from above, 
the outline is elongated, ovate, three times as long as broad; extremities nearly equal, 


very obtusely pointed. Surface of the valves quite smooth. Length 1°3 mm. 
Halitat.—Suva, inside reef. 


Asterope australis, n. sp. (PI. IV. figs. 1, 2). 


Shell, seen from the side, broadly ovate, rather higher behind than in front, height 
equal to about three-fifths of the lengih; extremities rounded; notch of moderate 
depth, beak subacute; dorsal and ventral margins moderately and equally convex. Seen 
from above, ovate, pointed in front, moderately rounded behind, widest in the middle; 
width equal to two-fifths of the length. Surface smooth. Length 2°1 mm. 

Habitat—Nouméa, dredged, 2—4 fathoms; Suva, inside reef; Mango Island, fringing 
reef ; Apia, Upolu, reef and shore-pools. 


Genus Streptoleberis, nov. gen. 


Shell, seen from the side, elongated, flexuous; beak much produced forwards, the 
notch being on the ventral aspect of the shell; posterior extremity narrower, produced 
into a pointed terminal beak. Animal unknown. | 


Streptoleberis crenulata, n. sp. (Pl. IV. figs. 3, 4). 


Shell, seen from the side, irregularly lozenge-shaped, height equal to half the length, 
greatest in the middle. Anterior extremity produced in the middle line into a rounded 
beak, which is crenated at the apex; posterior narrowed, also produced in the median line 
into a sharp triangular beak; dorsal margin very slightly arcuate in the middle, sloping 
with a steep curve to the front, angulated behind, and thence sloping very abruptly to 
the terminal beak; ventral margin slightly convex, having a wide but shallow and 

-angular notch in front, up-curved behind to the posterior extremity. Seen from above, 

ovate, widest near the front, width equal to about two-fifths of the length, tapering 

= rather abruptly to the front, which is sharply pointed; posterior extremity rather 

broadly rounded; sides sinuous. Surface of the shell covered with small, circular 

impressions, and marked in a somewhat reticulated fashion with irregularly flexuous 

elevated ridges. Length 1°05 mm. | 
Halitat.—Nouméa, dredged in 2-4 fathoms. 
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Only one example of this species was found in the Nouméa dredging, but the genus 
was already familiar to me from specimens dredged in the North Atlantic, but not yet 
described. The very much produced extremities and the twisted form of the shell are 
quite characteristic. 


Genus Sarsiella, Norman. 
_ (British Association Report, 1868, p. 292.) 

Sarsiella sculpta, n. sp. (Pl. I. figs. 17-20). 

Shell, seen from the side, subcircular, height and length nearly equal. Anterior 
extremity flattened, truncate, having a wide triangular prominence above, and a 
similar but less pronounced process below; posterior extremity rounded and bordered 
with a more or less regular series of small nodular prominences; dorsal margin arched, 
sinuated at its junction with the posterior border; ventral convex, generally somewhat 
crenulated. Seen from above, the outline is subcuneiform, wide and truncated behind, 
with a prominent median beak, obtusely pointed in front, the sides parallel behind the 
middle, but converging gradually towards the front. Surface of the valves undulated, 
marked with closely-set small excavations, and having two stout flexuous ribs running in 
a longitudinal direction from near the triangular prominences of the anterior margin. 
These ribs are in some cases lost near the centre of the valve, and sometimes stretch over 
nearly its whole length, and there are often numerous smaller ridges running in a radial 
direction from the circumference of the shell inwards. Length 1°4 mm. 

Habitat.—Nouméa, dredged in 2—4 fathoms; Levuka, between tide-marks; Vuna 
Point, Taviuni, between tide-marks. 

This appears to be a not uncommon species of a group which, judging from the 
evidence of these gatherings, is much more strongly represented in the Southern than in 
the Northern Hemisphere. Almost nothing was seen of the soft parts of the animal. 
The very variable sculpturing of the shell—no two specimens being exactly alike 
in this respect—seems to depend partly on age and partly, perhaps, on sex. The 
figure 18, having been drawn from a gaping shell, gives an incorrect idea of its width. 
The description above given applies to specimens of the type figured in PI. I. figs. 17, 
18; but in a dredging from off Cap Bon Louis, New Caledonia, there occurred two 
specimens, differing very considerably from the types, but which from their general aspect 
and the close similarity of sculpture, appear to be, if not the same species, at any rate so 
closely related that I cannot find any satisfactory distinctive characheys. One of these 
specimens is figured in PI. I. figs. 19, 20. 


Sarsiella simplex, n. sp. (Pl. IV. figs. 15, 16). 


Shell, seen from the side, almost circular, with a large median beak-like process 
behind; length and height (exclusive of the beak) equal; beak subtriangular, truncated at 
the apex. Seen from above, the outline is lozenge-shaped, widest in the middle, twice as 
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long as broad; anterior extremity obtusely rounded; posterior tapered and subacute; 
lateral margin very boldly convex. Surface of the shell perfectly smooth. Length 1°05 
mm. 

Habitat.—Port of Nouméa, 2-6 fathoms, 


Sarsiella rudis, n. sp. (Pl. IV. figs. 5, 6). 


Shell, seen from the side, subcircular, with a prominent median beak ; height and 
length (exclusive of the beak) about equal. Anterior margin rounded, rather flat above 
the middle, posterior flattened and sloping steeply above the beak, sinuated below ; dorsal 
margin flattened, almost straight ; ventral boldly convex. Seen from above, the outline 
is hexagonal, with parallel, straight sides converging abruptly and equally to the ex- 
tremities, which are rather wide and obtuse; width equal to two-thirds of the length. 
Surface of the shell devoid of regular sculpture, but vaguely ridged and undulated. 
Length ‘84 mm. 

Habitat.—Rambé Island, between tide-marks ; Suva, shallow water inside reef. 


Sarsiella foveata, n. sp. (Pl. I. figs. 21, 22). 


Shell, seen from the side, almost circular, with a prominent beak ; height equal to 
about six-sevenths of the length (exclusive of the beak), Anterior extremity rounded, 
slightly prominent about the middle, posterior also rounded ; beak large, equal to one- 
fourth of the height of the shell, truncated at the apex ; dorsal and ventral margins boldly 
convex, dorsal sloping with a gentle curve towards the hinder end, ventral curve much more 
abrupt and almost angulated behind. Seen from above, the outline is elongated, sub- 
hexagonal, widest behind the middle, width equal to half the length; anterior extremity 
broad and rounded, emarginate in the middle; posterior sharply pointed ; the sides con- 
verge gradually from their widest point towards the front; backwards the convergence is 
much more abrupt and sinuous; the whole circumference is much jagged. End view 
subquadrangular, constricted in the middle. Shell-surface marked throughout with large 
and sharply-cut, deep, angular excavations; valves protuberant behind the middle, and 
forming towards the ventral margin an angular prominence. Length 1°3 mm. 

Habitat.—Bane de |’Aiguille, Nouméa, 2-3 fathoms. One specimen only seen. 


Section III. PLATYCOPA. 
Fam, CYTHERELLID2. 
Genus Cytherella, Jones. 


Cytherella semitalis, G. 8. Brady. 
Cytherella semitalis, Brady, ‘‘ Ostracoda of Challenger Expedition,” p. 175, pl. xliv. fig. 2 a-e. 
Habitat.—Port of Nouméa, 3-6 fathoms; Suva-Suva Bay, Vanua Levu, 4 fathoms. 
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Cytherella (?) tumida, n. sp. (Pl. IV. figs. 21-23). 

Shell, seen from the side, somewhat oblique, subelliptical, rather lower in front than 
behind, height equal to more than half the length; left valve much larger than the right, 
and overlapping greatly on the dorsal margin. Extremities rounded, the anterior some- 
what the wider; dorsal and ventral margins only slightly convex, parallel. Seen from 
above, broadly ovate, widest behind the middle, width equal to about two-thirds of the 
length, obtusely pointed in front, broadly rounded behind, lateral margins boldly convex. 
Shell-surface quite smooth. Length ‘48 mm. 

Hatbitat.—One specimen only of this species was found in a gathering from reef-pools 
at Lufi-Lufi, Samoa. This specimen was destroyed in an unsuccessful attempt to find 
the contained animal. The generic reference must be considered only provisional, one 
‘Important difference between this and the typical Cytherelle being the larger size of the 
left valve ; whereas the valve of the right side is the larger in Cytherella. 


Cytherella cuneolus ? G. 8. Brady. 

Cytherella cuneolus ? Brady, Les Fonds de la Mer, vol. i. p. 192, pl. xix. figs. 18, 19. 

A shell, which probably belongs to this species, was found amongst shore-sand from 
Porcheron’s Beach, Nouméa. The specimen is, however, malformed, and the two valves 
differ considerably one from the other in shape and sculpture, so that I cannot assign it 
with certainty to this or any species. 


The following is a descriptive list of the gatherings in which the specimens have been 
found. The particulars in each case have been inserted from notes supplied to me by 
my brother, Dr H. B. Brapy, F.R.S., to whom I am indebted for the material. In 
assigning localities to the different species, I have not thought it necessary in all cases to 
specify these localities with absolute accuracy, as, for instance, in the case of the several 
gatherings in or near the Port of Nouméa, where the depth and physical conditions do not 
present any great variety. The multiplication of references to such localities could 
scarcely serve any useful end. 


New CALEDONIA. 


1. Nouméa.—Porcheron’s Beach, near the salt-flats ; brackish mud from pools about 
the mangrove trees, near or above high-water mark. 

2. Nouméa.—Shore-sand near low water, head of bay, close to the road leading to 
Artillery Point; reddish-brown muddy sand with stones, mollusc shells, fragments of 
Echini, Orbitolites, and Alveolinz, 

38. Port of Nouméa—3-4 fathoms; muddy sand, full of small Orbitolites and 
Alveolinze. 

4, Port of Nouméa.—South side, off Artillery Barracks, 5-6 fathoms ; soft muddy 
sand, with mollusc-shells, whole and broken, and some coral. 

5. Near Nouméa.—Between Ile Pore-Epic and shore ; weedy bottom, depth 2 fathoms. 
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6. Near Nouméa.—Off Cap Bon Louis, 4 fathoms ; weedy bottom. 
7. Near Nouméa.—Bane de l’Aiguille, 2-3 fathoms ; weedy bottom, coral sand, with 
a few Orbitolites. 


Fist. 


8. Suva.—Mud-flats between tide-marks ; fine muddy sand, with remains of Mollusca, 
Echini, and Polyzoa. 

9. Suva.—Inside reef, pools and shallows ; weedy bottom ; coral sand. 

10. Suva Bay.—12 fathoms ; anchor-mud. 

11. Sava-Siva Bay, Vanua Levu.—4 fathoms ; anchor-mud. 

12. Levuka, Ovalau.—Beach north of the town ; sand from between tide-marks and 
from shore-pools ; coral sand, with Polytrema, Orbitolites, fragments of Mollusca, Echini, 
&e. 

13. Vuna Point, Taviwni.—Low-water pools and shore-sand; black volcanic sand, 
laden with organic fragments, Orbitolites, Polytrema, Diatomacez, &c. 

14. Mango Island.—From the boat-track on fringing reef, very shallow, about 1 
foot at low tide; coral sand. 

15. Rambé Island—Shore-sand and low-water pools ; rough sand, with Orbitolites, 
Polytrema, &e. 

16. Loma-Loma, Vanua Mbalavu.—Sand from between tide-marks; fine sand, with 
coral and sponge fragments and decaying vegetable matter. 


SAMOA. 


17. Apia, Upolu.—Pools on inner barrier reef and shallows between reef and shore ; 
dead coral, with Mollusca, nullipores, &c. 

18. Lufi-Lufi, Upolu.—Coral sand from reef and from pools and shallows—3 or 4 
feet deep—between reef and shore. 

19. Lufi-Lufi, Upolu.—Shore-sand from coast; chiefly volcanic sand, with shell 


fragments, much worn. 


The following is a complete list of the species. The numerals refer to the places in 
which the species occurred, and correspond to those prefixed to the localities in the fore- 
going list :— 


LIST OF SPECIES. 
PODOCOPA. 


CYPRIDID2. 


Phlyctenophora viridis, n. sp., 3, 11, 12, 18, 14, 15, 16, 17, 18, 19. 
reniformis, n. sp., 8, 14, 16, 18, 19. 
Pontocypris attenuata, G. 8. Brady, 3, 5, 6, 17. 
* gracilis, n. sp., 12, 15. 
» sicula, n. sp., 11. 
Anchistrocheles fwmata, n. sp., 18. 
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BAIRDIID. 
Macrocypris decora, G. 8. Brady, 1, 2, 3, 4, 13. 
Bairdia simplex, G. 8. Brady, 8, 13. 
»  tenera, G. S. Brady, 17, 18. 
»  amygdaloides, G. S. Brady, 3, 5, 6, 9, 12, 13, 14, 15, 16. 
. Crosskeiana, G. 8. Brady, 8, 17, 18. 
. Woodwardiana, G. 8. Brady, 13. 
~ foveolata, G S. Brady, 1, 2, 3, 4, 5, 6, 7, 8, 11, 13, 14, 17, 18. 
»  Milne-Edwardsi, G. 8S. Brady, 5, 7, 9, 12, 13, 16, 17. 
Bairdia nodulifera, n. sp., 12. 
» truncata, n. sp., 1, 17. 
“ ventricosa, n. sp., 2. 
»  tuberculata, G. 8. Brady, 3. 
»  expansa, G. S. Brady, 5, 7, 8, 17, 18. 
» hirsuta, G. 8. Brady, 3. 


CYTHERIDZ. 


Cythere demissa, G. S. Brady, 1, 3, 4, 5, 6, 7, 11, 12, 14, 15, 17. 
»  erenata, n. sp., 1, 2, 3, 4, 6, 7, 9, 11, 12, 14, 15, 17. 
»,  ochracea, n. sp., 1, 2, 7. 
»  wmflata, n. sp., 8, 11, 12, 13, 15, 16, 19. 
»  cumeolus, n. sp., 7, 14, 16. 
»  ovalis, G. S. Brady, 14. 
»  caudata, n. sp., 11. 
»  NScotte, n. sp., 5, 7. 
»  torticollis, n. sp., 2, 3, 5, 6, 7. 
»  PLackardi, G. 8. Brady, 1, 2, 3, 5, 6,7, 8,11, 12, 13, 15, 16, 17, 18. 
»  deltoides, n. sp., 2, 3, 4, 7, 17, 18, 19. 
»  wnfundibulata, n. sp., 13. 
»  prava, Buird, 9, 11, 12, 13, 14, 15, 16, 17. 
»  vrectangularis, G. 8. Brady, 1, 12, 13, 15, 16. 
»  Gowoni, G.S. Brady, 3, 4. 
 lahiata, n. sp., 12. 
»  whthyoderma, n. sp., 4, 8, 9, 11, 13, 15, 18. 
»  mtitaris, G. S. Brady, 10. 
quadriserialis, n. sp., 2, 3, 4. 
Limnicythere Fyvensis, n. sp., 12, 13, 14, 15, 16. 
Cytheridea flavescens, n. sp., 3, 4, 11, 12, 
consobrina, n. sp., 2. 
a spynulosa, G. S. Brady, 1, 2, 3, 4, 10, 11, 15. 
Loxoconcha gracilis, n. sp. 1, 2, 3, 8, 9, 11, 12, 13, 14, 15, 16, 18, 19. 
as avellana, G. S. Brady, 3. 
Y Honoluliensis, G. 8. Brady, 1, 2, 3, 4, 5, 6, 7, 8, 9, 17, 18. 
australis, G. S. Brady, 4, 6. 
“ pumiosa, G. S. Brady, 1, 2, 3, 5, 6, 7, 9, 13, 17, 18, 19. 
alata, G. 8. Brady, 11. 
. anomala, G. 8. Brady, 3, 12. | 
"a dorso-tuberculata, G. 8. Brady, 8, 12, 13, 14, 15, 16. 
gibbera, G. S. Brady, 14. 
Xestoleberis ourta, G, 8. Beady, 1, 2, 5, 6, 7, 14, 18. 
ss variegata, G. S. Brady, 3, 4, 5, 6, 7, 8, 11, 12, 13, 15, 16, 17, 18, 19. 
. gracilis, n. sp., 18. | 
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Xestoleberis granulosa, G. 8. Brady, 3. 

twmefacta, G. S. Brady, 7. 
Cytherura longicaudata, n. sp., 11, 12, 13, 16. 

! mareida, n. sp., 12, 16, 17, 18. 

™ entomon, n. sp., 3, 11. 

scutellata, n. sp., 12. 
Cytheropteron coccoides, n. sp., 14. 

rude, n. sp., 11. 
longicaudatum, 8, 11, 15, 16. 

i guttatum, n. sp., 3, 4. 

trilobites, n. sp., 7. 
Cytherideis baculoides, n. sp., 11, 12. 


PARADOXOSTOMATID. 


Paradoxostoma ovatum, n. sp., 12, 13. 
Nove Caledonia, n. sp., 3. 
retusum, n. sp., 17. 


MYODOCOPA. 
CYPRIDINID. 


Philomedes vellicata, n. sp., 9, 12. 
Asiterope australis, n. sp., 6, 7, 9, 13, 14, 17. 
se cylindrica, n. sp., 9. 
Streptoleberis crenulata, n. gen. and sp., 6, 7. 
Pleoschisma robusta, n. gen. and sp., 13. 
‘ reticulata, n. gen. and sp. (?). 
moroides, n. gen. and sp., 3, 6, 9,12, 13 14 
Sarsiella sumpleax, n. sp., 3, 6. 
 foveata, n. sp., 7. 
» Pudi, n. sp., 9, 15. 
sculpta, n. sp., 5, 6, 12, 13. 


PLATYCOPA. 
CYTHERELLID2. 
Cytherella semitalis, G. 8. Brady, 4, 10, 11. 


,  ecuneolus? G.S. Brady, 1 (?). 
»  twmida, n. sp., 18. 


EXPLANATION OF PLATES. 


Puate I. 
Phlyctenophora viridis. 
Fig. 1. Shell seen from left side ¢ KO. 
»» above 
Pontocypris attenuata. 
Shell seen from left side 
” 4, ” ” above 
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Pontocypris gracilis. 
5. Shell seen from left side } % 50 
above 
Pontocypris sicula. 
7. Shell seen from left side x 40 
» above 
Phlyctenophora reniformis. 

9. Shell seen from left side } x 60 
| » above 
Bairdia tenera. 

11. Shell seen from left side } 
x 40. 
12. above 
Bairdia nodulifera. 
13. Shell.seen from left side 
14. a » above x 40 
15. in » behind 
16. Posterior extremities of valves seen obliquely. 
Sarsiella sculpta. 
17. Shell seen from right side 
18. above 40 
19. » Tight side 
20. » below 
Sarsiella foveata. 

21. Shell seen from left side ¢ 40 
» below 
Pleoschisma moroides. 

23. Shell seen from right side x 40 
»» above 
Puate II. 

Bairdia truncata. 

1. Shell seen from left side } 
x 65. 
2. » above 
, Cythere inflata. 
3. Shell seen from left side 
4. . » above x 60 
” ” 
Cythere cuneolus. 
6. Shell seen from left side ¢ 80, 
» above 
Cythere ochracea. 
8. Shell seen from left side 
x 80. 
9. » above 
Cythere caudata. 
10. Shell seen from left side x 80, 
ll. » above 
Cythere ovalis. 
12. Shell seen from left side x 50. 
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Cythere nodulosa. 
Fig. 13. Shell seen from left side 
» »» above 


Cythere infundibulata. 


x 80. 


,, 15. Shell seen from left side ¢ 50 
» above 

Cyther deltoides. 
», 17. Shell seen from left side x 60 

Cythere Packardi. 
,, 19. Shell seen from left side x 60. 

Cythere labiata. 
20. Shell seen from left side 
Cythere ichthyoderma. 

, 22. Shell seen from left side ; x 50 


Cythere militaris. 
,, 24. Shell seen from left side 
” 25. ” ” above x 40 
” 26. ” ” below 


Cythere quadriserialis. 


27. Shell seen from left side 50 

” 28. 9 above 
Cytheridea flavescens. 

,, 29. Shell (female) seen from left side 

” 30. ” ” 9 above 

te 

” 32. 9 above 
Limnicythere Fijiana. 

,, oo. Shell seen from left side } x 60 

»» above 


Cythere crenata. 
od. Shell seen from left. side 60 
” 36. ” ” above 


Puate ITI. 

Cythere torticollis. 

Fig. 1. Shell seen from left side 50 

Cythere Scotti. 

Shell seen from left side 40. 
ae ” 4. ” ” above 

Cytheridea consobrina. 

» 9. Shell (male) seen from left side 40. 
” 6. ” ” ” above 

Aestoleberis tumefacta. 

is » 7%. Shell seen from left side 

x 80. 
eS ” 8. ” ” below 


* 
4 
4 
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18. Shell seen from left side % 60 
19. » above 
Cytheropteron coccoides. 

20. Shell seen from left side ¢ 80 
»» above 
Cytheropteron trilobites. 

22. Shell seen from left side x 80 
23. » below 
Cytherura marcida., 

24. Shell seen from left side ; 
| x 60. 
25. » above 
Cytherura entomon. 
26. Shell seen from left side 
27. » above 
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Xestoleberis gracilis. 


Shell seen from left side } x 80, 


above 
Cytherideis baculoides. 


. Shell seen from left side x 50. 


- » above 
Anchistrocheles fumata. 


. Shell seen from left side 50. 


” ” above 


Cytheropteron rude. 


. Shell seen from left side 
» above x 80. 


» front 


Cytheropteron longicaudatum. 


27a. Another form seen from above 


28. 
29. 


30. 
31. 


32. 
33. 


1. 
2. 


Cytherura curvicostata. 
Shell seen from left side 
» above 


Cytherura scutellata. 


Shell seen from left side 
x 80. 


» above 


Paradoxostoma ovatum. 


Shell seen from left side 
x 70. 


» above 


Puate IV. 
Asterope australis. 


x 80. 


x 80. 


Shell seen from left side 
x 22. 


» below 
Streptoleberis erenulata. 


3. Shell seen from right side } mer’ 
above 


4. 


Sarsiella rudis. 


5. Shell seen from right side x 40, 
above 


6. 


x 


Fig. 9. 
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” 
” 
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” 
; 
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Asterope cylindrica. 
Fig. 7. Shell seen from right side 
x 40. 
above 


Philomedes vellicata, 
» 9. Shell seen from right side x 40 


Pleoschisma reticulata. 
i » ll. Shell seen from left side x 80. 
ra » above 


Pleoschisma robusta. 


» 13. Shell seen from left side x 50 
Sarsiella simplex. 
» 15. Shell seen from left side x 40 
” 16. ” above 
Bairdia ventricosa. 
» 17. Shell seen from left side 
x 60. 
” 18, ” ” above 


Paradoxostoma Nove Caledonie. 
» 19. Shell seen from left side x 80. 


Paradoxostoma retusum. 
», 20. Shell seen from left side x 80. 


Cytherella tumida. 


eA » 21. Shell seen from right side 
” » above x 80 
«3 ” 23. ” ” front 


Loxoconcha gracilis. 


»» 24. Shell (male) seen from left side 

left side 
Loxoconcha gibbera. 

» 2. Shell seen from left side x 60. 

» above 


Cytheropteron guttatum. 

9 » 29. Shell seen from left side 

x 60. 
” 30. ” ” above 


VOL. XXXV. PART II. (NO. 14). 4k 


| 
| 
| 
é 


VLATE 


BRADY ON SouTH SEA OSTRACODA 


Fark Entiela 


rlome 


=< 
~ 


l 3 4. 
IG 
9 l 
J 
17 
| 18 2] 
. 
‘ > \ 
> 
19 | 
& 
G 4S aeft 


VLATE 


— 
fr 
< 
™“ 
— 


S 


( 


|| 
1 2 3 + 5 6 7 
i al 
Alu 
\WW 
9 
8 10 nl le 13 14 
17 18 
15 16 seit 19 20 21 
22 23 24 25 26 27 28 | 
29 30 Jl oe 33 34 35 36 
mF 
te Graphotone Co L* Pho’ Ertiers 


BrAbDY ON SoutH SEA OSTRACODA. Phare Il. 


ady. del? 


‘Lhe Graphotone Co L? Photo Printers, Burch Hill Park, Entheid 


‘ 
x 
7 8 9 10 ll 12 1S [4 
‘ 2 
15 16 18 19 20) 21 
23 
| 22 24 25 26 27 
32 33 | 
28 29 30 31 
< 
| 
| 


BRADY ON SoutH SEA OSTRACODA. — Puate IV 


G Ae Lrady delt ; The Graphotone Co. L* Photo Printers, Bush Hill Park, Enfield 


l 2 
7 8 9 10 Il 12 
er IS 16 17 18 | 
| 13 
22 
| 26 
21 
} 
19 
20 
27 28 29 30 
23 
S27 
\ 
\ 
\ 


( 527 ) 


XV.—On Benzyl Phosphines and their Derivatives. 


By Professor Lerrs and 


R. F. Buake, Esq., Queen’s College, Belfast. (With a Plate.) 
(Read 20th May 1889.) 
CONTENTS. 
Part PHOSPHINEs. 
PAGE PAGE 
Introduction, ; ee - 528 | Monobenzyl Phosphine—Action of Sulphuric Acid on, . 553 
Monobenzyl Phosphine—Preparation, . . 540 Chloracetic Acid on,. 553 
Properties of, ‘ . 543 od Bromacetic Acid on,. 554 
Hydriodate, . . 544 ais Chlorocarbonic Ether 
Hydrobromate, . 544 on, . 554 
Hydrochlorate, . . . 544 | Hormann’s Dibenzyl Phosphine,.  . 554 
“ Platinum Salt, , . - 545 | Isolation of Tribenzyl Phosphine, &c., from the Product 
a Action of Oxygen on, . . 545 of the Sealed Tube Reaction, . ‘ 559 
os Action of Bromine on the Pro- Action of Haloid Compounds of sai wa on the Primary 
ducts of the Oxidation of, . 547 Phosphine, . . 568 
 Actionof Sulphuron, . . 549 | Properties of Dibenzyl Phosphine, 
»  Halogenson, . 550 Tribenzyl . 574 
in of Carbon Salts of Tetrabenzyl Phosphonium, 574 
on, , 551 | The Bye Products of HormMann’s Sealed Tube Reaction, 576 


Part Il.—Acrion or ALCOHOLS ON A MIXTURE oF PHOSPHORUS AND ITS IODIDE. 


PAGE 
The Methods in Use for the Preparation of Phosphines,. 589 


PAGE 
The Action of Benzy] Alcohol on a Mixture of Phos- 
phorus and its Iodide, . 596 


Part Propucts oF THE OXIDATION oF BENzYL PHOSPHINES. 


PAGE 

Benzyl Phosphinous and 609 
Benzyl Phosphinite of Barium, . 610 
Calcium, . ‘ . 610 

Zine, . ; ; ; . 611 

Cadmium, . . 611 

Action of Heat on the Acid, , . 612 


Benzyl Phosphinic Acid—Preperation and Properties, - 612 
Benzyl Phosphinate of Barium—Normal, . . . 614 


Acid, . ‘ . 614 
Calcium (Normal), . 615 
Magnesium ,, . 615 
Lead, ‘ . 616 
Potassium, ‘ . 616 


Sodium and Ammonium. 

Action of a Moderate Heat on the Acid, eee 

Phosphorous Acid on the Acid, . 618 

rr Pentachloride of Phosphorus on the Acid, . 619 
Dibenzyl Phosphinic Acid—Preparation and Properties, 619 
Dibenzyl Phosphinate of Barium, . —.. 620 


VOL. XXXV. PART. II. (NO. 15). 


PAGE 

Dibenzyl Phosphinate of Magnesium, . . . . 621 

Copper, . . 621 

Silver, . ; . 622 

Ammonium, . 622 

Action of Heat on the Acid, - 623 


»».  Pentachloride of Phosphorus 0 on the Acid, - 623 
Oxide of Tribenzyl Phosphine—Preparation and Properties, 624 
Oxide of Tribenzyl Phosphine—Bromide, . . . 624 


Iodide, . . 625 
Hydrochlorate, . . 626 
Hydrobromate, . 626 
Platinum Salt, . 626 
m Palladium Salt, . - 626 
i Ferric Chloride Salt, . 626 
” F Mercuric Chloride Salt, 626 
a Cobaltous Chloride Salt, 626 
Zinc Iodide Salt, . 627 
a Acetyl Chloride Com- 

pound, . - 627 
Sulphur Compound, 627 
Nitro Compound, . 627 
Sulphonic Acid, . . 627 
a. Action of Fused Caustic 


Potash on, 627 


4s 


| 
a 
| 
| 
| 
4 


528 PROF. LETTS AND MR R. F. BLAKE ON 


PART I.—BENZYL PHOSPHINES. 


INTRODUCTION. 


The phosphines which have been obtained as yet are not very numerous, and 
with one or two exceptions their properties have not been exhaustively studied, a fact 
which is no doubt largely due to the difficulties encountered in ee them in 
any quantity. 

There are consequently a great many points in their San which require ex- 
amination, and the object we had in view in the present investigation was chiefly to 
extend our knowledge of this interesting group of substances. 

It may not be inadvisable, before describing the results of our experiments, to give a 
brief summary of the work done already by others. 

We discuss the methods for obtaining phosphines in another part of this paper 
(p. 589), so that for the present we shall content ourselves with their properties and 
reactions. 


General Properties of the Primary Phosphines. 
The following primary bases have been obtained :— 


Name. Condition. Boiling Point. 
Methyl Gas. — 14 
Ethyl Liquid. + 25 
Iso-butyl __,, iy as + 62 
Iso-amyl __,, ‘ +106 
Octyl (normal)  (°), . ? ‘ + 184-187 
Solid at + 4. +178 
(‘) HorMANN, Berichte, iv. (1871) p. 209. (7) HormMann, Berichte, iv. (1871) p. 432. 
(3) Ibid. Ibid. vi. (1873) p. 292. (*) Ibid. Ibid. vi. (1873) p. 296. 
(5) Ibid. Ibid. vi. (1873) p. 297. (*) Mostincer, Ibid. ix. (1876) p. 1005. 
(7) Ibid. vii. (1874) p. 6 and p. 1688. (°) Hormann, Jbid. (1872) p. 100, 


(*) MicHaE.Is and PANEK, Annalen, 212, p. 233. 


With the exception of methyl phosphine, which is a gas, and p. tolyl phosphine, 
which is a solid, the primary bases are liquids at ordinary temperatures, insoluble in 
water, but soluble in ether, &c. Exposed to the air they fume powerfully and grow 
very hot, their vapour igniting spontaneously at times. The products of this oxidation 
appear to have been investigated only in a few cases, and chiefly in the aromatic series. 
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Phenyl phosphine-* and tolyl phosphinet both absorb a molecule of oxygen, and are 
converted into phosphinous acids, which are monobasic, and therefore probably have the 


constitution, 
R 
H 
H 


These acids are readily decomposed by heat, giving the primary phosphine, and the 
corresponding phosphinic acid, 


3RPH,O,=RPH,+2RPH,O, , 


a reaction analogous to that which gives rise to phosphuretted hydrogen and phosphoric 
acid when hypophosphorous and phosphorous acids are heated. 

MostincEr (loc. cit.) has in part investigated the products of the spontaneous oxida- 
tion of octyl phosphine, and believes that it also is converted into a phosphinous acid. 

Submitted to the action of strong nitric acid, many of the primary phosphines (and 
probably all) absorb three atoms of oxygen, and are converted into phosphinic acids. 
This has been shown by Hormann { to be the case in the methyl, ethyl, iso-propyl, iso- 
butyl, and iso-amyl series. The phosphinic acids are solid substances, which with the lower 
members of the fatty series can be distilled unchanged.§ But in some other instances a 
different reaction occurs: thus phenyl phosphinic|| acid, when heated slowly to 200° C., | 
gives a pyro acid, while when rapidly heated to 250° C. it decomposes into benzol and 
meta-phosphoric acid, 
C,H,PH,0,=C,H,+HP0,. 


The phosphinic acids are all dibasic, and no doubt have the structure— 


R 
HOSPO. 
HO 


All the primary phosphines have distinct alkaline properties. They combine readily 
with hydracids, forming crystalline compounds which can as a rule be volatilised (with dis- 
sociation more or less complete), and which resemble the compounds of phosphuretted 
hydrogen in other respects, particularly in being instantly decomposed by water with 
liberation of the phosphine. The hydrochlorates. combine with chloride of platinum to 
give chloroplatinates. The salts of the primary bases with oxyacids have been scarcely at 
all investigated. 

The action of halogens on mono-phosphines has not been sufficiently investigated. 
Methyl and ethyl phosphine take fire when they come in contact with chlorine or 
bromine, but in other cases the action does not appear to have been studied. 


* MicHakE.is, Berichte, x. (1877) p. 807. + MicHaEtis and PaneK, Annalen, 212, p. 234. 
t Hormann, Berichte, v. (1873) p. 110. § Hormann, Berichte, vi. (1873) p. 303. 
|| MicHaxtis, Berichte, vii. (1874) p. 1070.  Hormann, Berichte, iv. (1871) pp. 433 and 609. 
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Sulphur acts on the primary bases. With the methyl and ethyl derivatives, com- 
pounds have been obtained but not investigated.* With phenyl phosphine sulphur acts 
slowly in the cold, rapidly at a high temperature.t Two substances are produced, one, 
a thick liquid soluble in ether, having the composition (C,H,;)PH,S, the other a crystalline 
product to which MIcHAELIs assigns the formula (C,H,P),8. The first of these bodies 
decomposes when heated in the following manner :— 


2C,H,PH,S =C,H,PS+C,H,PH,+H,S. 


In view of the analogies existing between nitrogen and phosphorus, considerable 
interest is attached to the action of carbonyl chloride and bisulphide of carbon on the 
primary phosphines. Bisulphide of carbon acts upon both methyl and ethyl phosphine, 
but the products have not been investigated. Micnar.is and DrrriEr§ have studied 
the action of both reagents on phenyl phosphine. When carbonyl chloride is 


passed slowly into that substance, an energetic reaction occurs in the following 


manner 
2COCI,+C,H,PH, = C,H,PCl,+2C0+2HCl. 


Phenyl phosphine and bisulphide of carbon act upon each other when heated in a sealed 
tube at 150°, and sulphuretted hydrogen is liberated. The product of the reaction is a 
resinous body (C,H;PHCS).S, and the reaction itself proceeds according to the equa- 
tion, | 


MicHaE.is and DitTLEr were not successful in their attempts to prepare a phosphorised 
mustard oil from this compound. 

They were equally unsuccessful in obtaining a phosphorised carbylamine by the 
action of chloroform and caustic potash on phenyl phosphine. It is true that a reaction 
occurs, but its course is completely different from that which takes place with an 
amine, vi1z., 


It thus appears that, in their behaviour with carbony] chloride and a mixture of caustic 
potash and chloroform, primary phosphines behave in an entirely different manner from 
the corresponding amines, though there is a certain degree of analogy as regards the 
action of both on bisulphide of carbon. This difference is no doubt due to the strong 
affinity of phosphorus for electronegative elements, such as the halogens, oxygen, and 
sulphur. | 
Primary phosphines readily combine with alkyl iodides to give hydriodates of 
secondary phosphines, 


* Hormann, Berichte, iv. (1871) pp. 433 and 610. + MicHaAE.is, Berichte, x. (1877) p. 810. 
} Hormann, Berichte, iv. (1871) pp. 433 and 610. § MICHAELIS and DirrieEr, Berichte, xii. (1879) p. 338. 
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“General Properties of the Secondary Phosphines. 
The following secondary phosphines have been obtained :— 


Name. Condition. Boiling Point. 

Dimethyl phosphine Liquid. 25 
Di-isopropy| el 118 
Di-phenyl ” 280 (about) 
Iso-propyl, isobutyl _,, i | 139-140 
* 

(‘) Hormann, Berichte, iv. (1871) p. 610. (?) HorMann, Berichte, iv. (1871) p. 433., 

(3) Ibid. Ibid. _vi. (1873) p. 294. (4) Ibid. Ibid. — vi. (1873) p. 296. 

(5) Ibid. Ibid.. vi. ,, p. 298. (°) MicHaELis, Jbid. xv. (1882) p, 8014. 

(7) Ibid. Ibid. vi. ,, p. 295. (*) Hormann, Ibid. vi. (1873) p. 300, 


* Dibenzyl phosphine is not mentioned, for reasons which will become apparent in the body of the paper. 


All the secondary phosphines obtained as yet are liquids, having a powerful odour. 
They are insoluble in water, but soluble in ether, &e. 

They have as a rule a strong attraction for oxygen, fuming and growing hot on 
exposure to the air, and often inflaming spontaneously. In some cases they appear to 
have even a greater affinity for oxygen than the primary bases. This is so according to 
HorManN with all the secondary phosphines of the fatty series which he obtained. But 
apparently it is not the case with diphenyl phosphine. The products of this spontaneous 
oxidation do not appear to have been examined. But the products of their oxidation by 
nitric acid have been investigated, chiefly by Hormann.* They are in all cases phosphinic 
acids, R,PHO,, which are monobasic, and no doubt have the constitution, 


R 
R DP=0. 
H 


These acids are probably also produced when the chlorides R,PCl are oxidised by 
nitric acid. Such is at least the case with (C,H;),PCl. Some of them can be distilled 
unchanged, e.g., dimethyl phosphinic acid; others, e.g., diphenyl phosphinic acid, lose 
water, and give pyro acids. 

Secondary phosphines combine with acids, the resulting salts being far more stable 
than those of the primary bases. Thus in most cases they are not decomposed by 
water, though some are (e.g., salts of diphenyl phosphine). Comparatively little is 
known regarding secondary phosphines, and very few of their compounds have been 
investigated. 


Both sulphur and bisulphide of carbon act upon them, but the products have not 


* Hormann, Berichte, v. (1872) p. 104, and vi. (1873) p. 303. 


| 
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been investigated. They readily combine with alkyl iodides, giving hydriodates of 


tertiary phosphines. 


General Properties of Tertiary Phosphines. 


The following tertiary bases have been obtained :— 


Name. Condition. Boiling Point. 
Trimethyl hosphine (?), Liquid. 40-42 
Tri-isoamy] about 300 
Tri-pheny] Solid. above 360 
Eth l-isopropyl-isobuty] (7), Liquid. about 190 
Ethyl-dipheny (°), 293 
Di-ethyl-phenyl 220 
Di-methyl-ethyl 83-85 
Di-ethyl-benzy 252-255 


(?), (7) Hormann and Canovurs, Ann. de Chim. und de Phys., 3, vol. li. p. 35. 

), (*), (°) Hormann, Berichte, vi. (1873) pp. 292 and 304.  (®) Mionanuis, Berichte, xv. (1882) p. 801A. 
(7) Hormann, Berichte, vi. (1873) p. 304. (8) Ibid. Annalen, 181, p. 345. 

(*), MicHag.is and Link, Annalen, 107, p. 210. 

7), (5), 75), 7%) Chem. Soc. Jour., 1888, p. 714. 

(7), (78), (°) Caimatis, Berichte, xv. (1882) 2014. 

The tertiary phosphines hitherto obtained are, with the exception -of triphenyl 
phosphine, liquids at ordinary temperatures, having a powerful odour. They are 
insoluble in water, but soluble in ether, &c. As a rule, they oxidise rapidly in contact 
with the air, fuming and growing hot, and in some cases igniting spontaneously. The 
product of this oxidation is a tertiary phosphine oxide of the formula R,;PO, and no 


doubt of the constitution 
R 
R SP=0. 
R 


The final products of the oxidation of phosphuretted hydrogen, and of primary, 
secondary, and tertiary phosphines are therefore respectively— 
H,PO, 
RH,PO, 
R,HPO, 
R,PO. 
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The amount of oxygen absorbed by the phosphine decreasing in a regular manner as 
the series is ascended. | 

The oxides of tertiary phosphines are solid substances of remarkable stability. They 
can in the majority of cases be distilled, and even boiled with nitric acid without change. 
By no means as yet discovered can they be reduced. Hydracids combine with them, 
and they give crystalline compounds, with a number of metallic salts, such as the chlorides 
of platinum, zinc, mercury, iron, cobalt, &c., also in some cases with chloride of acetyl, 
bromine, and sulphur. 


Tertiary phosphines also combine with the elements of the sulphur group, forming 
compounds analogous to the oxides. 

The salts of tertiary phosphines are readily obtained by dissolving the bases in acids. 
They are stable, and are not, as a rule, decomposed by water. ‘Their compounds with 
hydracids have been chiefly studied; those containing oxyacids have not been investi- 
gated (with very few exceptions). The haloid salts dissociate to a greater or less extent 
on heating. Their hydrochlorates combine with chloride of platinum to give chloro- 
platinates of normal composition. 

Some of the tertiary phosphines combine with chloracetic acid to give hydrochlorates 
of phosphorised betaines. At present only two or three of these substances have been 
obtained—tri-methyl phosphorus betaine by Mryer,* the corresponding ethyl derivative 
by Hormany,t and in addition to these two the closely allied compound, tri-methyl phos- 
phorus benzo-betaine bydrochlorate, by MicHar.is and Czrmatis,t 


Cl 
(CH) PCG ~COOH. 


The compounds of these phosphorised betaines are stable and well-defined substances. 
One of us§ has investigated the reactions and decompositions of the ethylated body, 
which are of some interest. 

The hydrate and the salts of this betaine lose carbonic anhydride when heated, and 
give rise to the hydrate or salt of methy]-tri-ethyl-phosphonium, 


CHIP coon = 002 + CHP 


a reaction which is entirely analogous to that occurring when the corresponding 
sulphur compounds (thetines) are heated, 


=CO, + (CHSC 


While it is perfectly different from that which the true (nitrogen) betaines experience, as 
they either dissociate into the original trialkyl-amine and the group X —-CH,—COOH 
(or the products of its decomposition), or distil unchanged. || 

* Meyer, Berichte, iv. (1871) p. 734. | + Hormann, Proc. Roy. Soc., xi. p. 530. 


t MicHaruis and Czmatis, Berichte, xv. (1882) p.2018.  § Lerts, these Transactions, xxx, part 1, p. 285. 
|| Britta, Annalen, 177, p. 214. 


t 

| 

i 
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Treated with caustic potash, all the salts of tri-ethyl phosphorus betaine yield tri- 
ethyl phosphine oxide, 


Several of the tertiary phosphines combine directly and energetically with a molecule 
of bisulphide of carbon to give highly characteristic compounds, usually of a red colour, 
and possibly having the constitution, 


So characteristic and so readily formed is this compound in the case of tri-ethyl phos- 
phine, that its production may be employed as a test either for bisulphide of carbon or 
for the phosphine itself. As yet these (bisulphide) compounds have been obtained only 
with methyl, ethyl, and iso-propyl phosphine, and with those of the aromatic phos- 
phines containing ethyl or methyl groups. 

According to CzimaTis,* these mixed phosphines combine very easily with bisulphide 
of carbon if they contain methyl, the readiness with which combination occurs diminish- 
ing however, in proportion to the molecular weight of the aromatic radical, while, if they 
contain ethyl, combination occurs only slowly and with difficulty. Hormannt has 
somewhat exhaustively studied the compound of tri-ethyl phosphine and the bisulphide, 
which forms with explosive violence. Among its properties are the following :—It is 
insoluble in water, difficultly soluble in ether, but easily dissolves in hot alcohol, from 
which it separates on cooling in red needles like chromic anhydride. From an ethereal 
solution it is deposited by spontaneous evaporation in large deep red monoclinic crystals 
exhibiting dichroism, which melt at 95° and volatilise at 100°. It is soluble in strong 
hydrochloric acid, and if the solution is mixed with platinic chloride, a yellow amorphous 


compound is produced, 2(C,H;),PCS,,PtCl,. With silver oxide or nitrate, it is decomposed 
as follows :— 


(CzH;),PCS,+2Ag,0 = Ag.S + Ag,+CO,+(C,H;),PS , 
and moist air produces a similar change. But if it is heated with water to 100° C., the 


following reaction occurs :— 
4(C,H,),PCS, + 2H,0 = 2(C,H,),PS +(C;H,),PO+(C,H,),(CH,)POH +3CS, . 
Heated with sulphuretted hydrogen, it suffers the following change— 
3(C,H,),PCS, + H,S = 2(C,H,),PS +(CH,S)(C,H,),PCS, +CS, . 


The action of halogens upon tertiary phosphines has not been very fully studied. 
Probably direct addition would occur in all cases. This has been proved to take place 
with tri-ethyl phosphine if the halogen is allowed to act very gradually upon it. The 
chloride (C,H;),PCI, thus obtained is crystalline, melting at 100° and volatilising readily, 


* Czmmatis Berichte, xv. (1882) p. 2016 + Hormann, Phil. Trans., 1860, p. 431. 
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though its boiling point is high. Similar compounds of bromine and iodine have been 
obtained. 

Compounds of tri-methy] and tri-ethyl phosphine with mustard oils, are formed 
easily, and give crystalline hydrochlorates. They no doubt have the constitution, 


S=C=NCp_ 


| Note-—Some of the aromatic tertiary phosphines, especially tri-phenyl phosphine, 
have properties which differ materially from those of other tertiary phosphines. Thus 
tri-phenyl phosphine is a crystalline solid having scarcely any odour, and it does not 
oxidise spontaneously. It is remarkably stable, and is not attacked by chlorine even 
when heated. The hydriodate and hydrochlorate are formed when it is dissolved in the 
warm concentrated hydracids, and are crystalline, but on adding water they dissociate. 
By treating the phosphine with bromine and an alkali, or by oxidising it with hydrochloric 
acid and chlorate of potash, the hydrate (C,H,);P(OH), is obtained as a crystalline 
solid. This when heated to 100° readily loses water, and is converted into the oxide, a 
substance which is not acted upon by bromine, oxygen, sulphur, &c. By dissolving the 
phosphine in fuming nitric acid a nitrate of the formula (C,H;),P(NOs), is obtained. | 

Tertiary phosphines, apparently without exception, unite with alkyl iodides to form 
phosphonium salts. 


General Properties of Quaternary Compounds (Phosphonium Salts). 


So many of these bodies have been obtained that a list appears inadvisable. It would 
include derivatives of the series C,,H,,,, to the 5th term, one or two of the series 
C,H,,-7, and a large number of mixed phosphoniums containing various radicals, among 
which are vinyl, allyl, and ethylene. _ 

The phosphonium salts are the most stable of all organic phosphorus compounds. 
None are decomposed by water, and most of them can be obtained readily in the crystal- 
line state by evaporating their solutions. 

As a rule, they are soluble in water and in alcohol. They are readily prepared from 
their iodides, either by double decomposition with a silver salt, or by first obtaining 
their hydrates (by the action of hydrate of silver), and subsequently neutralising the 
solution with the acid. | 

The hydrates R,POH are solid substances, having a powerful alkaline reaction and 

many properties similar to those of an alkali. Indeed, in the case of tetrethyl phos- 
phonium hydrate, the only remarkable point of difference between it and caustic potash 
(so far as its reactions with metallic salts, &c., are concerned) is that when added to a 
zinc or aluminum salt, the zinc or aluminum hydrate, which is at first precipitated, is 
insoluble in an excess. Phosphonium hydrates are decomposed when heated, and in 
some cases, when their solutions are boiled or at the moment of production, into a 
tertiary phosphine oxide and a hydro-carbon, 


R,POH=R,PO+R—H. 
VOL. XXXV. PART II. (NO. 15). 4T 


| 
| 
f 
| 


536 PROF. LETTS AND MR R, F. BLAKE ON 


The action of heat upon the salts of the phosphoniums has been investigated in a 
number of cases, partly by one of us* and N. CoL.in, and partly by the latter chemist 
alone. 

As regards the haloid salts, the chlorides decompose almost quantitatively into a 
hydrocarbon and a tertiary phosphine hydrochlorate (CotLim), furnishing an excellent 
method for “ retrograding” from quaternary to tertiary bodies. 

‘“‘When the phosphonium chloride contains several ethyl groups, then if more than 
one of the latter is present, ethylene is always formed, e.g., 


(C,H,),(C,H,)PCl =(C,H,).(C,H,)P.HCl+C,H, . 


But when only one ethyl group is present, then, although ethylene is still formed, two 
decompositions occur, ¢.g., 


(1) 2(C,H,\CH,),PCl= 
(2) (C,H,(CH,),PCl= (CH,),PHC] + O,H,. 


If we compare the decomposition by heat of phosphonium chlorides with the 
decomposition of any of the compound ammonium salts, it must be with the hydroxides 
and not wth the corresponding chlorides” (CoLLIE),t e.g., 

(C,H,),PCl =(C,H,),P.HC1+C,H, 
+ O©,H,+H,0 
(C,H,),(C,H,)P(OH) =(C,H,),PO+ C,H, 
(C,H,),(CH,)NCl =(C,H,),N +CH,Cl. 

The effect of heat on phosphonium salts derived from oxy-acids is completely 
different. In the case of the ethyl series at all events, they suffer, as a rule, at least 
two and occasionally three different and distinct decompositions. In one of these the 
molecule splits up into three new groups, consisting respectively of carbonic anhydride, 
a (paraffin) hydrocarbon, and the tertiary phosphine. In the other, two hydrocarbons are 
formed, namely, an olefine and a paraffin, in addition to carbonic anhydride and the 
tertiary phosphine. Whilst in the third, a totally different change occurs, in which 
only two products are formed, namely, the oxide of the tertiary phosphine and a ketone, 


(1) Et,P GOR EAP +00,+ 


(2) Et,P+CO,+ C,H,+RH. 


(3) EL OCR = EtsPO+ C,H,.CO.R. 


It is possible, if not indeed probable, that the third reaction occurs subsequently to 
the first, and that it really depends upon the reducing action of the triethylphosphine 


* Letts and CoL.ig, (1) these Transactions, xxx. part 1, p. 213; and (2) Phil, Mag., August 1886, 
t CoLLig, (1) Chem. Soc. Jour., 1888, p. 636; and (2) Ibid., p. 714. 
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upon the carbonic anhydride, at the high temperature at which the decomposition usually 
occurs, whereby carbonic oxide is liberated, which combines with the hydrocarbon radical 
in statu nascendi, forming a ketone :— 


Et,P+CO, +(Et)+(R) =Et,PO+EtCOR 
(or Et,P+(OCO-—R) +(Et)=Et,PO+EtCOR). 


If we merely consider the third kind of decomposition alone, it appears to be, to a 
certain extent, analogous to the decomposition which a sulphine compound suffers when 
heated, the difference depending on the greater attraction which phosphorus has for 
oxygen, compared with that of sulphur for the same element. In both cases a hydrocarbon 
group is detached from the molecule, and also the residue of the acid, but while with the 
sulphur compounds these two simply combine (forming a compound ether), and leave a 
hydrocarbon sulphide, in the case of the phosphonium salt the acid residue is reduced by 
the tertiary phosphine, and the group thus left combines with the hydrocarbon radical, 
forming a ketone. 


Thus— 
Et 
Et,P¢ = EtsPO+EtOCR. 


A result of this kind is in perfect harmony with the views already expressed by 
Crum Brown and Lerrs* regarding the analogies and differences existing between 
phosphorus and sulphur and their compounds. 

When the phosphonium salts contain ethylene they suffer a different decomposition 
under the influence of heat; at least this has been ascertained to be the case with the 
bromide of bromo-ethylene-triethylphosphonium, and the bromide of hydroxy-ethylene- 
triethyl phosphonium, which decompose as follows :t— 


C.H KPC, H,),Br= HBr 
C,H KPC, H,),Br= #20 + (C34 


and also in that of the hydrate of ethylene-hexethyl diphosphonium, which decomposes 
according to the equation, — 


CH, 


Meson and KirKLAnD { have studied the action of bromine and chlorine on the salts of 
tetrethy] phosphonium, the results showing a very close similarity between the poly-haloid 
derivatives of tetrethyl phosphonium and those of trimethyl sulphine and of tetramethyl 


ammonium previously described by Doppin and Masson.§ ‘The tendency to form solid 
* Crum Brown and Lerrs, these Transactions, xxviii. p. 371; Lerrs, these Transactions, xxx, p. 285. 


t Hormann, + Masson and KIRKLAND, Chem. Soc. Jour., 1889 (Trans.), p. 126. 
§ Dopsin and Masson, Chem, Soc. Jour., 1885 (Trans.), p. 56, and 1886, p. 846. 
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poly-haloid compounds is, however, more marked. They give the following table, contain- 
ing a list of the new substances, the methods of forming them, and their chief properties :-— 


. Temperature of 

No.| Substance. Method of Formation. Wsasiton. Chief Properties, 
1 | PEt, IBr, ? Br, on iodide. | cold. . Bright red crystals, solid; unstable. 
2 | PEt [Br Alcohol on IL. Orange crystals ; stable. 
3 | PEt,ICl, Cl, on iodide. 70° Yeliow crystal mass; unstable. 
4 | PEt, Alcohol on 3. Yellow crystals ; stable. 
5 | PEt,Br, Br, on bromide. 110 Yellow crystal mass; unstable. 
6 | PEt,Br, Alcohol on 5 or 9. ‘33 Red crystals ; stable. 
7 | PEt,Cl, Cl, on chloride. 110 Yellow crystal mass; unstable. 
8 | (PEt,),SO,Br,, ?| Br, on sulphate. cold. Red, liquid ; unstable. 
9 | (PEt,),SO,Br,. | Br, on sulphate. 110 Red, solid; unstable. 

10 | (PEt,).SO,Cl, | Cl, on sulphate. 130 Yellow, solid; unstable. 


Organic Phosphorus Compounds which cannot be placed in any of the above Groups. 


A phosphorised kakodyl (CH;),P, (the methyl analogue of liquid phosphuretted 
hydrogen) was obtained by THENARD™* by the action of chloride of methyl on phosphide 
of calcium, and is interesting not alone as being the sole representative (as yet prepared) 
of its class, but also as having been probably the first phosphine obtained. THENARD 
describes it as a colourless, highly refractive liquid, of an odour recalling that of kakodyl 
itself, insoluble in water, and boiling at about 250°. It inflames spontaneously in 
contact with air, but if oxidised slowly, gives a crystalline acid (CH;),P,H,O,= 
(CH;),PHO, (dimethyl phosphinic acid), analogous to kakodylice acid. Treated with an 
excess of hydrochloric acid, it is converted into trimethyl phosphine, and a solid yellow 
substance (CH;).P, (which is also formed in the original reaction), and which THENARD 
regarded as the methyl analogue of solid phosphide of hydrogen. 

MicHAk ist obtained a substance, which he named diphosphenyl, or phospho-benzol, 
C,H; —-P=P—C,H; (corresponding to azobenzol), by the action of phenyl phosphorous 
chloride on monopheny! phosphine, 

C,H,PCl,+C,H,PH, =(C,H,).P,+2HCl1. 
It is a pale yellow powder, insoluble in water, alcohol, and ether, but readily soluble in 
hot benzol, and is slowly oxidised by the air to (C,H,),P,0. Treated with chlorine, 
phenyl phosphorous chloride is regenerated. With nitric acid it is oxidised to phenyl 
phosphinous acid C,H;PH,O,, if the acid is dilute, but to phenyl phosphinic acid, 
C,H,PH,.O;, if the acid is strong. Treated with hydrochloric acid, it reacts so as to 
_ regenerate the substances from which it is formed. 

MicnHaE Lis { also obtained a substance, which he called di-phospho-benzene hydrate, 
C,H, —P = P—QOH, by the action of spontaneously inflammable phosphuretted hydrogen 
on phenyl phosphorous chloride. It is a yellow powder, soluble with ease in bisulphide of 
carbon, taking fire on exposure to air, and oxidised by nitric acid to phenyl phosphinic 


* THENARD, Comptes Rendus, xxi. p. 144, and xxv. p. 829. 
+ MicHak is, Berichte, x. p. 807. t MicuagE.is, Berichte, vii. (1875) p. 499. 
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and phosphoric acids. In addition to the above, MicHaE Lis * obtained a phenylated solid 
phosphide of hydrogen, (C,H;)HP,, by treating phenyl phosphorous chloride with a quantity 
of water insufficient for complete decomposition (for instance, by keeping it in a badly- 
stoppered bottle). It is a dark yellow amorphous body, having a faint odour of phenyl 
phosphine, soluble in hot bisulphide of carbon, but insoluble in water, alcohol, and ether. 
Treated with chlorine, it reacts as follows :— 
(C,H, HCl. 

Nitric acid oxidises it to a mixture of phenyl phosphinic and phosphoric acids. 

The aetion of phosphonium iodide on aldehydes has been studied by Grrarp,t while 
that of phosphuretted hydrogen and hydrochloric acid on the same bodies and on ketonic 
acids has been investigated by Mxssincer and Encets.[ Gzrrarp obtained products of 
addition containing four molecules of the aldehyde (valeric, propionic, salicylic, and benzoic) 
to one of phosphonium iodide. 

MEssINGER and ENGELS obtained similar bodies by acting upon the aldehydes with 
hydrochloric acid and phosphuretted hydrogen. The compounds thus formed are for the 
greater part solid, crystalline, and fairly stable. By treatment with water, they are 
decomposed, and the aqueous solution gives the reactions of hydrochloric acid and 
phosphuretted hydrogen. Their constitution is probably represented by the formula 
(R—CHOH),PCl. Chloride of tetra-hydroxyethylidene phosphine (C,H,O),PCI, is 
decomposed by caustic potash into the free phosphine (C,H,0),PC,H,O, and the hydrate 
(C,H,O),P(OH). Benzaldehyde and its mono-nitro derivative give compounds which 
differ from those obtained in the fatty series, in that they contain no hydracid. 

MEssINGER and ENGELS have summarised the result of their researches as follows :— 
(1) Phosphuretted hydrogen does not act on an aldehyde alone, but is absorbed if at the 
same time a hydracid is present. The absorption occurs more completely if the aldehyde 
is largely diluted with ether. (2) The aldehydes of the fatty series combine with a molecule 
of phosphuretted hydrogen and a molecule of hydracid, while those of the aromatic series 
combine with phosphuretted hydrogen only, though in order that the compound shall be 
formed the presence of the hydracid is necessary. (With benzoic aldehyde the compound 
has the formula (C,H;,COH),PH;). (3) The phosphorised derivatives of the fatty 
series have an unpleasant smell, and are decomposed by water, while those of the 
aromatic series have no odour, and are nearly insoluble in water. All are soluble with 
difficulty in ether, and in some cases insoluble. 3 

By the substitution of a ketonic acid for an aldehyde in the above reaction, com- 
pounds are produced in certain cases. Thus levulinic acid gives an oil and pyruvic acid 
a solid compound either— 

O 
(CH, —CO—CO),P or(CH,-C—0=0),P, 
* MICHAELIS, Berichte, xi. (1878) p. 885. 


+ GrraRD, Ann. de Chim. und de Phys. [vii.], ii. p. 50. 
MEssIncER and Berichte, xxi. (1888) p. 328a and p. 2919a. 
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which is a well-defined crystalline body, having neither basic nor acid properties, soluble 
in alkalies with decomposition, and also decomposed when heated with acids. It 
dissolves, however, without change in glacial acetic acid, and crystallises out on cooling. 
Boiled with water, it is decomposed into the substances from which it was originally 


produced. It forms crystalline compounds with aniline, phenyl hydrazine, and toluene 
diamine. 


On reading over the above, it will be seen that, although a fair amount of work has 
been done with the phosphines, they have by no means been exhaustively studied, and 
that many of their properties and reactions remain to be investigated. It was our wish 
to fill up some of these gaps in their history, and we chose the benzyl phosphines for 
investigation for several reasons, among which was the fact that the primary 
phosphine is a liquid at ordinary temperatures, also on account of the well-known 
chemical activity of the benzyl compounds, and partly because one of us and N. CoLix 
had already studied somewhat exhaustively the compounds of tetrabenzyl phosphonium. 
HorMann* was the first to obtain monobenzyl phosphine, and as he believed di- 
benzyl phosphine also, by heating a mixture of chloride of benzyl, phosphonium iodide, 
and oxide of zinc in sealed tubes. He apparently submitted the two substances to a 
somewhat cursory examination, and only determined their leading properties. He 
mentions that bye products are formed, but these he did not investigate. 

We have repeated Hormann’s experiments, and have submitted both the primary 
phosphine and also the substance which he regarded as the secondary derivative to a 
very careful examination. We have also isolated the other products and bye products 
of the reaction, and have determined their composition, and as far as possible their pro- 
perties also. In the course of the research we incidentally discovered a method for 
preparing all the products of the oxidation of the benzyl phosphines. We describe this 
method, and also the properties of the oxidised substances. 


MONOBENZYL PHOSPHINE AND ITS DERIVATIVES. 


Preparation of Monobenzyl Phosphine.—Hormann recommends digestion during six 
hours at 160° C. of a mixture of 4 parts of oxide of zinc, 16 of iodide of phosphonium, 
and 12 of chloride of benzyl. Experiments conducted in this way with commercial 
chloride of benzyl from Kahlbaum gave in the tubes a viscous semicrystalline mass. To 
obtain a good result, thorough mixing of the materials in the sealed tubes by shaking 
before heating seemed to be necessary. On opening the tubes much phosphuretted 
hydrogen escaped, but on heating for a longer period or to a higher temperature, the 
escaping gas seemed to consist of hydrochloric acid only. It was soon found that at the 
temperature of 160° C., a great deal of hydrochloric acid is formed, and but little of the 
primary phosphine. The best results were obtained by a six hours’ digestion of the 


* Hormann, Berichte, v. (1872) p. 100. 
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mixture at a tempefature of 120° C. Experiments tried at 100° to 110° C. showed that 
but little of the primary phosphine is formed. 

With the quantities HormMann recommends and a digestion for six hours at 120°, the 
tubes when cold contain a viscous semitransparent mass, sometimes of a brown colour 
sometimes red and opaque from the separation of free phosphorus. Above this a small 
quantity of a liquid usually floats, which at times is mobile, but at others thick and 
slightly fluorescent. A few crystals of undecomposed iodide of phosphonium are also 
frequently present. If pure chloride of benzyl is used there is usually no liquid floating 
on the surface of the product. 

After opening the tubes, their contents were transferred to a flask, and submitted 
to the action of steam and water by means of the apparatus shown in figure 1 of the 
Plate. 

A is a wide-mouthed flask provided with a large cork, with a large and somewhat 
conical hole, through which the inverted tube B passes. 

C is a bent tube, which can be raised or lowered at will according to the length of B, 
so that its upper extremity may be near the closed end (of B). Through this tube steam 
from D, or carbonic acid from E, can be passed. 

Two other tubes, F and G, pass through the same cork—one for blowing steam 
through the product, the other for carrying volatilised substances into the condenser H. 

The apparatus was employed as follows:—After opening the tubes containing the 
product of the reaction, their tops were cut off with a file, and they were then placed in 
front of a strong fire to liquefy their contents and to drive off as much hydrochloric and 
hydriodic acids as possible. They were then allowed to cool in a nearly horizontal 
position, so that their contents solidified on one side of the tube, leaving a clear passage 
along their whole length. Next a stream of carbonic anhydride was passed through F 
into A until it was quite full of the gas. Steam was then passed through C, and one of 
the tubes B inverted over its open end, and rapidly pushed into the cork. Its contents 
almost immediately liquefied and dropped into A without coming in contact with the air. 
When the tube was completely washed out, it was removed and another one substituted. 
The contents of twelve tubes were usually worked up at one operation (each containing 
4 grms. oxide of zinc, 16 grms. phosphonium iodide, and 12 grms. chloride of benzyl)— 
the last tube being left in the position shown in the figure. The tubes F and C were 
then interchanged, so that steam passed through F, while a gentle current of carbonic 


_ anhydride was passed through C. 


By this means the product was submitted to the prolonged action of steam and water 
in a current of carbonic anhydride. The primary phosphine thus set free passed over 
along with the steam, and was condensed in H, and then flowed into the separating funnel 
I, which contained common salt to give greater density to the water, and thus cause the 
phosphine to rise to its surface, as its specific gravity is almost the same as that of water. 

Without the above apparatus, we found it is almost impossible to separate the 
phosphine without considerable loss through oxidation. 
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Under favourable circumstances, from 60-70 grms. of crude monobenzyl phosphine 
were obtained from 360 grms. of benzyl chloride ; or, in other words, each tube yielded 
a little over 2 grms., consequently the preparation of even the crude phosphine in any 
quantity is extremely tedious and troublesome. 

The residue in the flask A always contained in addition to water, a brown viscous and 
insoluble liquid, which as a rule solidified on cooling. Both it and the water contained 
phosphorised benzyl derivatives. We shall first discuss the properties of the primary 
phosphine, and afterwards the nature of the various bye products, and the methods we 
employed for isolating them. 

Monobenzyl Phosphine.—Hormann purified the crude phosphine by fractional distilla- 
tion only. He states that after two rectifications in a stream of hydrogen it is obtained of 
the constant boiling point 180°. 

Our own experiments, repeated again and again, and with the greatest care, have 
satisfied us that the pure phosphine cannot be readily obtained thus. We have at 
different times operated upon two to three hundred grams, and have invariably obtained 
the same results on fractionating it. The crude phosphine begins to boil at about 100°, 
the thermometer then rises rapidly to 160°, and from 160°-190° most passes over. The 
residue in the distilling flask decomposes if the distillation is pushed further, and red 
phosphorus separates. All the fractions contain the phosphine, for they all have its 
powerful and characteristic odour, and when mixed with fuming hydriodic acid they 
give its crystalline hydriodate. After repeated rectifications, the lower boiling fractions 
resolve themselves into a liquid, boiling at 110°-116°, which is no doubt toluol, while 
the high boiling fractions pass over from 175°-185°, the thermometer being fairly 
constant at 180°-183". 

We have investigated the high boiling residue (above 190°), and give the results on 
p- 585. 

In view of the difficulty experienced in separating the primary phosphine by simple 
distillation, in a pure state, we decided to obtain the crystallised hydriodate from the 
crude product, and from it the phosphine, but, owing to the bulky nature of that 
compound (7.e., the hydriodate) and its insolubility, we experienced considerable difficulty 
in effecting this. After several experiments, we found that either of the two following 
methods might be employed :— 

(1) The crude phosphine was placed in a retort, and a stream of pure, dry, hydriodic 
acid gas was conducted by a long tube into the body of the retort. Assoon as saturation 
appeared to be complete, the retort was heated gradually in an oil-bath to a temperature 
of 160°-180", a slow current of hydriodic acid passing all the time. The hydriodate then 
sublimed in beautiful colourless scales, and when most had thus volatilised into the neck 
of the retort, the latter was allowed to cool, the hydriodate shaken out, and well washed 
with pure benzol. 

(2) The crude product was mixed with about twenty times its volume of pure dry 
benzol, and the mixture saturated with dry hydriodic acid. It grew warm, and eventually 
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almost solid, from the separated hydriodate. The mass was thrown on toa linen filter and 
thoroughly squeezed, then pressed between filter paper, broken up, and washed with 
benzol, so long as the latter dissolved anything. The benzol was then removed as 
far as possible by pressure between filter paper, and the purified hydriodate dried in 
vacuo. 

The hydriodate prepared by both these methods was snow white, and tolerably per- 
manent in the air; but if not carefully prepared and thoroughly washed, it rapidly 
became brown. About 60 grms. of the hydriodate thus prepared were placed in a sepa- 
rate funnel, and caustic potash solution added until the funnel was nearly full; the 
mixture was then well shaken, when the hydriodate rapidly decomposed, and the 
phosphine separated as an oily layer, which floated on the watery liquid containing 
potash and potassium iodide. It was decanted, and submitted to fractional distillation in 
a stream of hydrogen. The thermometer rose rapidly to 178°, then slowly to190°. It was 
fairly constant from 180°-182° when most distilled; only a little passed from 182°-190". 
Fraction 178°-190° was redistilled. The thermometer rose at once to 177°, and from that 
temperature to 185° most distilled. The exact boiling point could not be fixed, but it is 
somewhere about 180°-183°. These experiments, conducted with the greatest possible care, 
and repeated two or three times, appear to indicate that the primary phosphine suffers a 
slight decomposition during distillation, but it is also possible that, in spite of the precau- 
tions adopted, the phosphine after all was not absolutely pure. 

Propertves.—Monobenzy] phosphine is a colourless, highly refractive liquid, possessing 
a very characteristic and penetrating odour. Its smell remains for days on the hands, 
and in one case it was observed on an instrument months after the latter had 
been handled by one of us, our fingers having been previously in contact with some 
of it. 

Exposed to the air, it at once fumes very powerfully and grows hot. Its vapour indeed 
often inflames spontaneously on leaving a bottle containing it open for some time. The 
product of its oxidation is not a single substance, but contains no less than three different 
bodies. 

Sulphur only acts upon it when the mixture is warmed. Torrents of sulphuretted 
hydrogen are then evolved, and a liquid product is formed. 

It combines readily with hydriodic and hydrobromic acids, and also, though not so 
energetically, with hydrochloric acid. The resulting compounds are crystalline, and are 

very sparingly soluble in a saturated solution of the hydracid. They are volatile, with 
decomposition more or less complete—unless in a stream of gaseous hydracid, when the 
hydriodate and hydrobromate at all events sublime unchanged. They are immediately 
decomposed by water and alkalies. Halogens act violently upon the phosphine, and 
selze upon part (or all) of its hydrogen, the hydracid which is formed then combining with 
the rest of the phosphine to produce its haloid salt. 

Bisulphide of carbon attacks it when the two are heated under pressure, sulphuretted 
hydrogen escapes, and two sulphurised products result. 

VOL. XXXV. PART II. (NO. 15). 4uU 
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Chloracetic and bromacetic acids also react with it—the first only when heated with 
the phosphine, the second at ordinary temperatures. 

Chlorocarbonic ether also reacts with it at ordinary temperatures. 

Monobenzyl Phosphine Hydriodate, C,;H,PH,HI.—This salt is easily formed, either 
by subliming the phosphine in dry hydriodic acid gas; by saturating a solution of the 
phosphine in benzol with dry hydriodic acid gas; or by dissolving the phosphine in 
warm fuming aqueous hydriodic acid. 

By the first method it is obtained in snow-white scaly crystals like benzoic acid; by 
the second, as a seemingly amorphous bulky precipitate; while by the third it is also 
obtained in the crystalline state. 

A specimen prepared by the first method was analysed. 


Analysis. 
06090 gave 05630 AgIl=-3043015 [=49°97 per cent. 
Obtained. Calculated for C,H,PH,.HI 


The hydriodate, when pure and dry, is permanent in dry air; but a trace of impurity 
causes it to become brown. It is rapidly decomposed by water, and instantly by caustic 
potash solution. 

Monobenzyl Phosphine Hydrobromate, C,H,PH,HBr.—Hormann could not obtain 
this compound in the crystalline state, but we found that it could be prepared 
with the greatest ease either by saturating a solution of the phosphine in benzol with 
gaseous hydrobromic acid, or by dissolving the phosphine in the fuming aqueous 
acid. It is also produced when bromine acts upon the phosphine in acetic acid solution, 
and is then precipitated as a colourless crystalline powder. 

Analysis. 

I. 03639 gave 03300 AgBr=01404 Br=38'58 per cent. 


0-448 02033 H,C=0°02258 H= 5:04 
06799 CO, =0°18542 C =41:38 
II. 0°8163 required c.cX, AgNO, =0°3096 Br =37°90 per cent. 


Obtained. 


Caleulated for HBr 
Bromine, . . . 3858 37:90 39°02 
Hydrogen, . 5°04 4°88 
I. Obtained by the action of bromine on the phosphine. 
IT. hydrobromic acid on the phosphine. 


The salt is insoluble in benzol, and only very slightly soluble in warm fuming hydro- 
bromic acid. Heated in a tube, it sublimes in glittering scales with slight decomposition. 
It is very deliquescent, and decomposes rapidly in contact with water and instantly with 
caustic potash. 

Monobenzyl Phosphine Hydrochlorate, C,H,PH,HCl.—We obtained this salt by similar 
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methods to those which we employed for preparing the two compounds just described. 
On passing gaseous hydrochloric acid into a solution of the phosphine in benzol no effect 
is produced until saturation is complete, then colourless crystalline scales begin to 
form. On shaking the phosphine with a saturated aqueous solution of hydrochloric acid, 
a similar precipitate is produced. We have not analysed the compound, as we did not 
obtain it in sufficient quantity, but its composition cannot be doubted. 

Chloroplatinate.—On mixing the phosphine with an aqueous or alcoholic solution of 
chloride of platinum, a light yellow bulky amorphous precipitate is produced. We did 
not analyse it. 

Action of Air or Oxygen on Monobenzyl Phosphine.—As we have before mentioned, 
the phosphine attracts oxygen with great energy from the air, the temperature rises 
considerably, dense white vapours are produced which occasionally take fire spontaneously. 
The final product of the oxidation is a colourless viscous liquid which refuses to crystallise. 
It dissolves somewhat sparingly in water, and has a strong acid reaction. 

On adding acetate of lead to its aqueous solution a white flocculent precipitate is 
produced which is by no means quite insoluble, so that its bulk diminishes considerably 
on washing. ‘The following results were obtained on submitting it to analysis :— 

Analysis. 

I. 0°1060 gave 0:0925 PbSO,= 06319 Pb=59°60 per cent. 
II. 04538 040385 , =275 Pb=608 


I. Prepared from the phosphine obtained from its hydriodate. 
II. Prepared from the crude phosphine. 


Calculated for 
(C;H,HPO,,Pb PO,P 


Lead, 59°6 60°8 39°92 5497 


It is obvious that the lead salt is neither the benzyl-phosphinite nor benzyl 
phosphinate. On the other hand, the percentage of lead does agree fairly well with 
that required for the formula (C,H,)PO.Pb—viz., 60°0, and this view of its composition, 
namely, that it is a derivative of an oxide C,H,PH,O in which the two atoms of hydrogen 
are replaced by one atom of lead, unlikely as it appeared, was supported by the increase 
in weight which a sample of the pure phosphine experienced on spontaneous oxidation— 
a rough experiment giving 14°1 per cent. increase in weight, instead of 12°9 per cent., the 
calculated amount. 

At the time of our first experiments on this subject we were unacquainted with 
benzyl phosphinic acid, and hence knew nothing about the properties of its lead salt or 
of its other compounds. After it had been obtained, however, and its salts investigated, 
a simple means was at our disposal for ascertaining whether it was present in the product 
of oxidation of the primary phosphine, and for separating it if necessary from other 
substances. For benzyl phosphinate of barium is a highly characteristic salt, being 
much less soluble in boiling water than in cold, and is precipitated almost completely 
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in the crystalline state on warming its cold solution, as it is only soluble to the extent 
of less than 4 per cent. in a boiling solution. 

Accordingly we oxidised a considerable quantity of the primary phosphine—dissolved 
the product in water and neutralised the solution with baryta, when a white flocculent 
precipitate was thrown down, which readily dissolved in acids, and gave a strong 
phosphoric acid reaction with molybdate of ammonia. There can be no doubt that it 
was phosphate of barium. The solution filtered from it was boiled to small volume, 
and gave a crystalline precipitate, which was purified by solution in cold water and 
reprecipitating by boiling. It had the appearance and properties of benzyl phosphinate 
of barium, and was proved by analysis to be that substance. 

Analysis. 

06367 lost at 110° C. 00630 H,O=9'89 per cent. 
06367 gave 0°4296 BaSO,=0°'25259 Ba=39°67 


Obtained. Calculated for C,H,PO,Ba,2H,O 
Water, 9°89 10°49 
Barium, . 39°67 39°94 


The concentrated mother-liquors from this salt were syrupy and had a slight odour 
of the primary phosphine. After some time they became granular from the separation of 
a crystalline salt. The semisolid mass was dried for some time in a desiccator, then 
washed with alcohol (in which it was somewhat soluble), and dried in vacuo. A quantity 
of the salt thus purified was dried at 110° and analysed. 


Analysis. | 
gave 05603 BaSO,=0°32944 Ba=30°00 per cent. 
Obtained. Calculated for (C;H,HPO,),Ba 
30°64 


In another experiment, the nature of the products of oxidation of the phosphine was 
proved in a similar manner, with this difference, that after separating the phosphate and 
phosphinate of barium, the remaining phosphinite was decomposed by sulphuric acid, 
and the liberated phosphinous acid extracted with ether. The ethereal extract left on 
evaporation a very viscous colourless liquid, which refused to crystallise. It was proved 
to be the phosphinous acid by the production of a number of salts which were analysed, 
and are described on pp. 610-611. 

In a third experiment on the oxidation of the primary phosphine, the product was 
treated in a totally different manner, but with the same results. 

In this experiment the oxidised product was dissolved in water as before, the solution 
boiled and acetate of zinc added. At first a precipitate was thrown down, which redissolved 
as fast as it was formed, but presently on adding more of the zinc salt a permanent 
precipitate was produced, which became pasty on boiling. It was filtered off, 
and the solution concertrated, when a totally different salt was thrown down. 
Analysis proved the first of these salts to be the phosphinate of zinc, the second the 
phosphinite. 
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Analysis of No. 1 Salt. 
09037 gave 02839 ZnO=02278 Zn= 25-20 per cent. 


01914 H,O=002126 H= 352 —, 
{ 07442 CO, =0:20296 C=3366 


Obtained. Calculated for C,H,PO,Zn,H,O 
Zine, . 25°20 25°70 
Carbon, . 33°66 33°20 


Analysis of No. 2 Salt. 


I. 05145 gave 01133 ZnO=00901 Zn=17°66 per cent. 
II. 08757 ,, 01946 , =015616 ,, =1783 
02021 H,O=0022455H= 425, 
09417 CO, =0:229554 C=4353 


Obtained. 


Calculated for (C,H,HPO,).Zn 
Zine, 17.85 17:33 
Carbon, 43°53 44°80 


The experiments described above prove conclusively that when monobenzyl phosphine 
oxidises spontaneously it gives rise to three different products, namely, phosphoric acid, 
benzyl phosphinous acid (C,H;)H,PO,, and benzyl phosphinice acid (C,H;)H,PO;. With 
regard to the relative quantities of the three substances, the phosphinous acid is produced 
in by far the largest proportion, and phosphoric acid in the smallest; the phosphinous 
acid is, in fact, the main product of the reaction. It is probable that phosphinous acids 
are always formed when primary phosphines are spontaneously oxidised. 

H. Kouter and Micwas.is* state that phenyl phosphine oxidises almost quantitatively 
in this manner, para-tolyl phosphine also gives rise to the corresponding phosphinous 
acid,t and Mos.incert states that octyl phosphine is probably converted into a 
phosphinous acid by spontaneous oxidation. But, so far as we are aware, no other 
experiments have been made on this subject, which is one of some interest. 

Action of Bromine on the Product of the Oxidation of the Primary Phosphine.— 
In some of our earlier experiments, before the nature of the products of the oxidation of 
the primary phosphine had been ascertained, one of us and W. WHEELER submitted these 
_ products to the action of bromine. We found that when bromine was added it was 
rapidly decolorised and the mixture grew hot, while hydrobromic acid was evolved, 
and the pungent odour of bromide of benzyl became manifest. Excess of bromine 
was added, and the mixture allowed to remain undisturbed for some time. A crop of 
crystals then separated, which dissolved both in water and ether, and were obtained 
colourless by recrystallisation. These crystals on analysis gave the following results :— 


* KOuwLER and Miowagtis, Berichte, x. (1877) p. 810. 
+ and Panek, Annalen, 212, p. 234. t Mostinaer, Berichte, ix. (1876) p. 1008. 
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Analysis. 
gave 0166 AgBr=007065 Br=31°9 per cent. 


06245 CO, =018735.C =489 
gave 01535 HO =001705H= 89 
Obtained. Calculated for (C,H,),P,Br,.H,O 
Carbon, 48°9 49°0 
Hydrogen, . 49 4°7 
Bromine, 319 311 


In another experiment, conducted in a similar manner, we also obtained a solid 
crystalline substance, which, after crystallisation from water, consisted of scales with 
mother-o’-pearl lustre, and a melting point of 176° C. A bromine determination gave the 
following result :— 

02423 gave 0°176 AgBr=0:0849 Br=30°9 per cent. 

In a third experiment completely different results were obtained. In this experiment 
a quantity of the primary phosphine, which had been kept for some years in a loosely- 
corked flask, was treated with bromine, when, as in previous experiments, abundance of 
hydrobromic acid was evolved, and the mixture grew very hot. The product was heated 
for a considerable time on a water-bath to get rid of hydrobromic acid. The residue 
had an intolerable odour of bromide of benzyl. On treatment with water some of it 
dissolved, but an oily liquid remained, which solidified on cooling. The aqueous solution 
gave the reactions of benzyl phosphinic acid. The oily liquid had acid properties, It 
was dissolved in baryta water, the solution filtered, and precipitated by hydrochloric acid. 
The resulting crystalline precipitate was recrystallised from hot alcohol, in which it readily 
dissolved. Its corrected melting point was now found to be 176° C. Its analysis gave 
the following results :— 


Analysis. 
03920 CO, =0°'106909 C = 63°97 per cent. 
01671 gave 401014 H,O =0011266 H= 674 
00732 Mg,P,0,=0020443 P =1223__, 
Obtained. Calculated for C,,H,,P,0 
Hydrogen, 6-74 6°96 
A quantity was converted into its barium salt, and the latter analysed. mi 
Analysis. 
0:3914 4 lost at 110, 0°0328= 10°20 per cent. H,O 
gave 0°1072 BaSO,=0:063031 Ba=19°61 per cent. Ba 
Obtained. Calculated for C,,H,.P,0,Ba,4H,O 
Barium, . 19°61 19°71 
Water, . 10°20 10°36 


As we found that benzyl phosphinic acid is not attacked by bromine at ordinary 
temperatures, the substances which we obtained by the action of bromine on the oxidised 
phosphine are probably formed from benzyl phosphinous acid. 
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The experiments just described shows that the reaction is of a highly complex nature, 
and that it varies with the conditions of the experiment. 

As the substances resulting from the reaction were obtained in very small quantity, 
barely sufficient for their analysis, we were unable to study their properties, and must 
remain in doubt regarding their exact nature. 

Action of Sulphur on Monobenzyl Phosphine.—A preliminary experiment showed 
that no action occurs in the cold, but on warming the two bodies together the sulphur 
dissolves and abundance of sulphuretted hydrogen escapes. 

About 4 grms. of the phosphine were placed in a test-tube full of carbonic anhydride, 
and heated by immersing the tube in a water-bath. Powdered sulphur was then added, 
and sulphuretted hydrogen was evolved in abundance—io such an extent, indeed, that 
at one time the liquid frothed over into the water-bath. Excess of sulphur was added to 
the liquid, which had thus frothed over (B), and the same was done with the liquid in 
the tube (A)—a very considerable quantity being required in both cases. 

As soon as the evolution of sulphuretted hydrogen ceased, the liquid was allowed to 
cool. It was colourless and viscous. It was boiled with water, when sulphuretted 
hydrogen was again evolved—nearly the whole (of the viscous liquid) dissolved, forming 
a strongly acid solution. This was neutralised with baryta, and the solution heated, 
when a crystalline salt separated very much like benzyl phosphinate of barium, and was | 
at first considered to be that substance. 

The product B gave a similar salt. The two salts were purified by dissolving them in 
cold water and then heating the solution when they were deposited in the crystalline state. 


The results of this experiment indicate that when the phosphine is warmed with 
sulphur, pyro-benzyl-thio-phosphinic acid is formed, 


2C,H,PH,+5S , 


fi Analysis of Barvum Salt from A. 
0'4710 gave 03184 BaSO,=0°187218 Ba = 39°75 per cent. 
0:4710 lost at 110° C. 00253 H,O = 537 
| y Analysis of Barium Salt from B. 
05691 gave 03878 BaSO,=0:228019 Ba =40°06 per cent. 
05691 lost at 110° C. 00289 H,O = 507 
Obtained. 
ah Calculated for (C;H,)PO,SBa,H,0 
ae Barium, . . 39°75 40°06 40°17 
5:37 5°07 5°27 
i | On attempting to obtain the acid by decomposing the barium salt with sulphuric 
- acid, sulphuretted hydrogen was evolved—no doubt, with formation of benzyl phosphinic 
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and this with water is decomposed into mono-thio-phosphinic acid, with evolution of 
sulphuretted hydrogen, 


(C,H,),P.S,H,+6H,0 = 2C,H,PS(OH),+5H,8. 


In a second experiment we attempted to obtain derivatives of the pyro acid. A 
quantity of the phosphine was heated as before with excess of sulphur until sulphuretted 
hydrogen ceased to be evolved. The product deposited a minute quantity of colourless 
plates, which were not obtained in sufficient quantity for analysis. 

A quantity of the product was boiled with a solution prepared by saturating barium 
hydrate with sulphuretted hydrogen, and then adding an equal quantity of the hydrate. 
Sulphuretted hydrogen was evolved, and when the solution had become very concen- 
trated, it deposited colourless crystals on cooling, which were collected and analysed. 


Analysis. 


0: 1516 | lost at 110° C. 0:0096 = 6'33 per cent. water. 
gave 0:0647 BaSO, =0:038042 Ba=25-09 per cent. barium. 


Obtained. Calculated for (C,H,),P,S,0,Ba,2H,O 
Barium, . ; 25°09 25°13 
Water, . 6°33 6°60 


The production of the pyro acid is thus to a certain extent confirmed, its barium 
salt, which is no doubt formed in the first instance, being subsequently decomposed by 
water, thus— 

(1) =(C,H,),P,S,Ba +H,S 
(2) = . 


We may also mention, that on dissolving the product, of the action of sulphur on the 
phosphine in alcohol and adding mercuric chloride, a white amorphous precipitate was 
produced in abundance. We did not analyse it, as it darkened slowly on drying. 

We have already mentioned that Micuaxz is studied the action of sulphur on phenyl 
phosphine and obtained two products—a liquid (C,H,)PH.S, and a solid (C,H,;P),S. The 
experiments we have just described show that benzyl phosphine behaves in a totally 
different manner, and they also prove that sulphur and a do not react in an 
analogous manner upon a primary phosphine. 

Action of Halogens on Monobenzyl Phosphine.—lIf "Sroren is mixed with the 
phosphine an explosive action occurs, and torrents of hydrobromic acid are disengaged. 
But when the vapour of bromine comes in contact with the base, the action proceeds 
quietly, and a white solid is produced. If both the bromine and phosphine are dissolved 
in glacial acetic acid, the reaction is completely under control. If the vessel in which 
the mixture is made is kept cool and the bromine gradually added, a colourless crystalline 
salt is produced, and its amount increases as the bromine is added, up to a certain point, 
but it then diminishes. 
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A quantity of this solid was filtered off, washed with glacial acetic acid, and then 
boiled with acetic acid until it dissolved. In dissolving it effervesced from the escape of 
hydrobromic acid. As the solution cooled colourless plate-shaped crystals separated. 
These were dried 7m vacuo, and analysed. 


Analysis. 
03639 gave 03300 AgBr=0'1404 Br=38'58 per cent. 
04480 0°2033 H,O =0:02258 H= 5°04 per cent, 
( ,, 06799 CO, =0'18542 C=4138 
Obtained. Calculated for (C;H,)PH,.HBr 
Bromine, ; 38°58 39°02 
Carbon, 41°38 40°97 
5°04 4°88 


The crystalline solid was thus shown to be the hydrobromate of the phosphine, and 


ull its properties pointed to the same conclusion. One or both of the following reactions 
must have occurred :— 


(C,H,)PH, + 2Br, = 2HBr+(C,H,)PBr, . 


The hydrobromic acid set free combining with the phosphine remaining in excess, and 
thus the quantity of hydrobromate produced would increase until the bromine began to 
be in excess, when, no doubt, it (the hydrobromate) was also attacked in the same way as 
the phosphine itself. 

The mother-liquors from which the hydrobromate had separated ought to have 
contained one or other of the two brominated derivatives whose formule we have 
written above, but we had not sufficient of the product to be able to isolate either of 
them. 

On evaporation they left a solid crystalline mass, which dissolved in water (leaving a 
few oily drops), and when the solution was neutralised with baryta and boiled, a crystal- 
line salt was precipitated, having the appearance of benzyl phosphinate, but we did not 
obtain it in sufficient quantity for analysis. 

Action of Bisulphide of Carbon on Monobenzyl Phosphine.—The following ex>eri- 
ments were made :— 

(1) 2 grms. of the pure phosphine were heated in a sealed tube with 2 grms. of 
bisulphide of carbon at 120° C. for two days. ‘The contents of the tube then consisted 
of a viscous colourless substance and a number of colourless needle-shaped crystals. On 
opening the tube a considerable quantity of sulphuretted hydrogen escaped. 

(2) About 4°5 grms. of the phosphine and about 9 grms. of the bisulphide of carbon 
were heated for two days at 130°—160°, when exactly the same phenomena were observed. 
The contents of each of the two tubes were separately treated with bisulphide of carbon, 
which dissolved the viscous substance, but left the crystals. The latter were repeatedly 
washed with bisulphide of carbon, then dried and analysed. 

VOL. XXXV. PART II. (NO. 15), 4X 
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Analysis of Crystalline Product from Eapervment 1. 


0107 H,O=00118 H= 5°42 per cent. 
Carbon and hydrogen, 02175 gave 04335 CO, =0-11823 C=5430 


Analysis of Crystalline Product from Expervment 2. 


0°1336 H,O=0014844 H= 5:20 per cent. 


Carbon and hydrogen, 0°2850 gave 05652 CO, =0°154145 C=5408 


— Calculated for 
(C,H,)PH,S (C,H,)PHS C,H,PS 
Carbon, . 54-08 53°85 5419 54°54 
Hydrogen, . 542 5°20 5°76 516 4°54 


The bisulphide of carbon washings from the crystals were warmed to get rid of the 
bisulphide, and left a pale yellow gummy mass, which was insoluble in water and ether, 
and very sparingly soluble in alcohol. No definite products could be obtained from this 
gummy mass by the action of various reagents. It was, however, found that it was 
soluble to a certain extent in boiling glacial acetic acid, so the whole of the product from 
the first experiment was boiled with a large quantity of the acid. The filtered solution 
deposited oily droplets on cooling, which eventually formed a viscous mass exactly like 
the original substance (specimen A). The acetic solution filtered from this was 
evaporated to dryness in a water-bath, and heated until the whole of the acetic acid 
had volatilised. A gummy mass remained also like the original product (specimen B). 

The whole of the product from the second experiment was repeatedly boiled with 
_ alcohol, then washed with cold alcohol and dried (specimen C). 
| The three products were then analysed. 


Analysis. 
01982 H,O=0:02202 H= 5:05 per cent. 
1 0:8280 CO, =0:22582 C=51'80 
0'1595 H,O=001772 H= 5:10 per cent. 
03463 gave) 0.6540 CO, =0'17836 C =51°5 
C. 
01287 H,LO=0°0143 H= 5-40 per cent. 
02645 gave) CO, = 0713333 C =50-40 
PEO Obtained. Calculated for 
A. B. (C;H,;PHOS),S 
Carbon, 51°80 51°50 50°41 52°45 
Hydrogen, . 5°05 5'10 5°40 4°37 


To the best of our belief, the action of bisulphide of carbon on a primary phosphine 
has been studied in only one other case, viz., in that of phenyl phosphine. 

Micuak is and Dittier found that the two substances react under pressure at 150° 
with evolution of sulphuretted hydrogen, and formation of a resin having the composition 
(C,H;PHCS).S, the reaction occurring according to the equation, 


2C,H;PH, +2CS, =(C,H,PHCS),S+H.S. 
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The compound which they name phenyl-diphospho-sulpho-carbamic acid dissolves in 
alkalies, and is reprecipitated unchanged on the addition of an acid. Its discoverers do 
not mention any other substance as being formed at the same time analogous to the 
crystalline body which we obtained. 

We cannot be at all certain of the composition of either of the two substances ob- 
tained by us. As regards the crystalline product, the analytical results agree fairly 
well with the formula (C,;H,),P,H.S,, but we did not obtain it in our experiments on 
the direct action of sulphur on the phosphine, as we should have done in all probability 
if the above formula were correct. It was produced in too small a quantity for further 
investigation. With respect to the viscous product, we cannot believe that it is 
analogous to the phenylated body, for it has no acid properties, and the analytical 
results are not sufficiently in accordance with the formula. For the present we remain 
in doubt as to the nature of the substances. 

Action of Sulphuric Acid on Monobenzyl Phosphine.—lf sulphuric acid (con- 
centrated) is added to the phosphine cautiously, and the mixture kept cold, it solidifies 
to a crystalline mass ; but if it is not cooled a violent action soon occurs, and sulphurous 
anhydride is evolved in abundance. It may be inferred that the phosphine forms a 
crystalline sulphate which is very unstable, and probably decomposes into benzy] 
phosphinic acid and sulphurous anhydride. 

Attempts to obtain the sulphate for analysis were unsuccessful. 

Action of Chloracetic Acid on Monobenzyl Phosphine.—Three separate experiments 
were tried, with similar results in each case. When equivalent quantities of the phos- 
phine and chloracetic acid are mixed no action occurs, but some of the acid dissolves. 
On gently warming the mixture the whole of the acid dissolves, but separates out again 
on cooling. If the two substances are heated in a sealed tube at 120° for some hours, a 
dark brown viscous mass results, and on opening the tube pressure is noticed. due to 
carbonic anhydride. The product undoubtedly contains chloride of acetyl, for it has its 
very characteristic odour, and fumes in moist air. On removing it from the product by 
shaking the latter with ether, and then treating the residue with water, a strongly acid 
solution results, while a little tarry matter remains undissolved. On neutralising the 
acid solution with baryta and then warming, a crystalline salt is precipitated. This we 
submitted to analysis (after recrystallisation), and found it to consist of benzyl phosphinate 
of barium. 


Analysis. 
0:4794. { lost at 110° C. 0047 H,O= 9°80 per cent. 
gave 03189 BaSO,=0'1875077 Ba=39:11 " 
Obtained. Calculated for (C,H,)PO,Ba,2H,0 
Barium, . 39°11 39°94 
Water, . 9°80 10°49 


We think that the main course of the reaction must proceed as follows :— 


C,H,PH, +3CH,C1.CO,H = C,H,PH,0,+3CH.COC!. 
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[t is remarkable that the phosphine should thus seize upon the oxygen of the 
carboxyl group, and not upon the halogen. 
[t is probable that another reaction occurs to a slight extent, viz.:— 


C,H, PH, +CH,Cl—COOH = . 


This equation, at all events, accounts for the liberation of carbonic anhydride, and is 
supported to a certain extent by the experiments which one of us has made on the action 
of chloracetic acid on triethyl-phosphine, or rather upon that of heat upon the product.* 

Action of Bromacetic Acid upon Monobenzyl Phosphine.—We have not fully 
investigated the nature of this action, but we found that when the two substances 
were mixed, the bromacetic acid dissolved, and in a short time a crystalline product 
resulted. In about half an hour’s time, however, an explosive decomposition of this 
substance occurred spontaneously, torrents of hydrobromic acid coming off, and a viscous 
liquid resulting, which was insoluble in water. We did not investigate the product, as 
nearly all of it was shot out of the vessel in which the experiment was made when the 
explosive action occurred. It is probable, we think, that a product of addition is first 
formed, which may then decompose in the following way :— 


/CH,-COOH _ C,H 
H>P = + HBr. 


Action of Chlorocarbonic Ether on Monobenzyl Phosphine—When the two sub- 
stances are sealed up together a reaction gradually occurs, and thin quadratic plates of 
fair size are slowly deposited. On opening the tube pressure is observed. We could 
not obtain the crystals in a sufficiently pure state for analysis. They were so deliquescent 
that on attempting to dry them on filter-paper, they almost instantly deliquesced. They 
dissolved in alcohol, ether, and benzol. Alcoholic chloride of platinum gave a yellow 
slimy precipitate ; alcoholic corrosive sublimate, a white amorphous precipitate, which 
soon turned grey. On warming them with baryta solution, carbonate of barium was 


precipitated. We think that these properties indicate that the substance is a product of 
addition— 


C,H COOC,H, 


HorMann’s “ DIBENZYL” PHOSPHINE. 


In his well-known researches on the phosphines, Hofmann has apparently shown 
that when an alkyl haloid is heated with phosphonium iodide and oxide of zinc, 
primary and secondary phosphines alone result; whereas when an alcohol is heated 
with iodide of phosphonium alone, tertiary and quaternary phosphines are formed 
exclusively. Thus the two reactions are complementary to each other. Among the 


* Letts, these Transactions, xxx. part 1, p. 285. 
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series to which he’ extended his investigations was that of benzyl, and in the paper 
published in the Berichte, to which we have already referred, he describes the 
preparation and properties of dibenzyl phosphine. He isolated it from the product of 
the sealed tube reaction (occurring between benzyl chloride, phosphonium iodide, and 
oxide of zinc), but it is not quite clear from the original memoir whether he obtained it 
from the residue left on distilling the primary phosphine in a current of steam from the 
product of the reaction, or the residue left on distilling the crude primary phosphine 
itself. He states that a crystalline substance remains after distilling off the primary 
phosphine, which solidifies, especially (zwmal) in contact with solid potash, and that after 
pressing it between linen, dissolving in alcohol, and decolorising the solution with 
charcoal, crystals are obtained, which after a single recrystallisation from alcohol are 
perfectly pure. 
The crystals melted at 205°, and their analysis gave the following numbers :— 


Obtained. 


Calculated for (C,H,).PH 
I. Il. III. 
Hydrogen, . 6-99 6°77 701 
Phosphorus, . 14-49 


He says :—‘ With the entrance of the second group the basic properties, which in 
benzyl phosphine appear in a perfectly definite manner, have entirely disappeared. 
Dibenzyl phosphine dissolves in no acid, neither have I succeeded in obtaining its 
platinum salt. The aromatic secondary phosphine thus distinguishes itself very materially 
from the secondary phosphines of the ethyl and methy] series.” 

In a paper read before this Society, one of us, in conjunction with W. WHEELER, 
described further investigations on this body, and we showed that it forms a series of 
compounds of a somewhat remarkable nature for a secondary phosphine. We isolated it 
as follows :—After submitting the contents of the sealed tubes to the action of steam 
and water (to drive off the primary phosphine), the residue, consisting of a brownish 
viscous mass, was boiled with aqueous potash for some time, and the viscous insoluble 
mass which remained was then extracted with hot alcohol. The solution on cooling 
deposited colourless needle-shaped crystals strongly impregnated with oily matter, and 
these by repeated recrystallisation from spirit were obtained pure. 

The remarkable nature of this substance, on the assumption that it is in reality a 
secondary phosphine, coupled with some other facts which attracted our attention, 
gradually led us to suspect that it was not dibenzyl phosphine at all, but the ode of 
tribenzyl phosphine. Accordingly, the investigation was reopened with Mr R. F. Biakg, 
and its course has been as follows :— 

1. On carefully recrystallising the substance from alcohol, its corrected melting- 
point was found to be 215°-215°'5 C., while that of two specimens of oxide of tribenzyl 
phosphine (prepared by two different methods) was found to be the same. 
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2. Very little difference exists in the percentage amount of carbon and hydrogen in 
dibenzyl phosphine and oxide of tribenzyl phosphine, as the following numbers show :— 


(C;H;),HP (C;H;),PO 
Hydrogen, . 701 6°56 


Consequently it would not be possible to decide with absolute precision between the 
two substances by a mere combustion. On the other hand, there is a considerable 
difference between the two bodies in their percentage of phosphorus— 
(C;H;),HP (C,H;);PO 

Phosphorus, . 14°48 9°69 
Unfortunately, however, as we have again and again found, the processes for phosphorus 
determinations in ordinary organic substances are absolutely untrustworthy when 
applied to phosphines. A new method was therefore necessary, and after many trials 
we believe we have found one which is perfectly accurate, trustworthy, and capable of 
general application. It is extremely simple, though somewhat tedious in carrying out. 
It consists in making an ordinary combustion of the substance with pure oxide of 
copper, and afterwards dissolving the contents of the combustion tube in nitric acid, 
and determining the phosphorus with molybdate of ammonia, &c. Applying this 
method, to the analysis of the supposed dibenzyl phosphine, we obtained the following 
results (IV. and V.). 

We give at the same time the determinations of phosphorus made both by Hormann 
(1.) (by a method not described) and by one of us and W. WHEELER (II. and III.), by 
burning the substance with lime in a stream of oxygen, dissolving and titrating with 
standard uranium solution, 


Obtained. 
Il. III. IV. 
Phosphorus, . . . 186 1435 1500 986 998 


As we have before stated, many of the compounds of the supposed dibenzy] phosphine 
were prepared and analysed, and although their composition appeared remarkable for 
the compounds of a secondary phosphine, the analytical results agreed fairly well in 
most cases with formule of derivatives of dibenzyl phosphine. We even concluded, 
from the existence of these compounds, that the exceptional properties of the phosphine 
were due to its consisting of a double molecule, viz.:— 


(C,H,),H=P = P=(C,H,),H . 


It is a remarkable coincidence that the analytical results agree equally well for com- 
pounds of the oxide of tribenzyl phosphine. This fact has added considerably to the 
difficulties and uncertainty of the research, but at the same time it has caused us to 
exercise great caution in the inferences to be drawn from the analyses. 

Subjoined is a brief account of the chief compounds we have examined of Hormann’s 
dibenzyl phosphine, and we give at the same time the results obtained (in some cases) 
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with compounds of what was known to be oxide of tribenzyl phosphine. We may 
add that many of the compounds are unstable, and their composition frequently varies 
with the method employed in their preparation. In many cases indeed it appears to be 
almost impossible to obtain them pure. 

Bronide.—This compound, which is highly characteristic, was obtained by adding 
bromine to a solution of the body in glacial acetic acid. It usually crystallises in 
yellow needles, which under the microscope appear to consist of aggregations of minute 
rhombohedra. It is unstable, and gives off bromine when boiled with water or glacial 
acetic acid, and its composition varies considerably (see p. 625). 


Prepared from 
Hofmann’s Dibenzyl Phosphine. Oxide of Tribenzyl Phosphine. 
Obtained. Obtained. | 
Bromine, . 26°7* 
Carbon, 565? 56°9 | 
Hy@rogem,. 53t 49 
Calculated for | 
{(C,H,).HP}.,Br. 7(C;H,)sPO,5Br, | 
Bromine, 27°2 26°31 28°5 
57°1 58-00 563 
Hydrogen, . 51 483 47 


Iodide.—Prepared like the bromide. It crystallises in minute red crystals of the 
same colour as ferricyanide of potassium. 


Calculated for 
Obtained. 
{(CH)gHP fal, 
37°24 36°18 38:84 


Chloride.—Obtained by passing chlorine into a solution of the body dissolved to 
saturation in warm acetic acid. It crystallises when the solution cools in pale yellow 
crystals, much like pentachloride of phosphorus in appearance. The compound is most 
unstable, and loses chlorine rapidly zn vacuo, and probably also when air-dried. 


Calculated for 


Obtained. 
{(CH).HP}_Cl, 7(C;H;),P0,5Cl, 
14°23 14°68 


Chlorine, . : 12°00 


Hydriodate.—Obtained by saturating a solution of the body in glacial acetic acid 
with hydriodic acid gas, and separated as the solution cooled in colourless crystals. 


Calculated for 
Obtained. 
2(C,H,),PH,HI 3(,H,);P0,2HI 
22°8 21-05 


* Mean of ten determinations of different preparations of the compound. The extremes Were 25-9 to 27°2. 
+ An old analysis by one of us and N. Co.iig, these Transactions, xxx. part 1. + Mean of three determinations. 
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Hydrobromate.—Obtained in the same way as the hydriodate :— 


Calculated for 
Obtained. A— 
2(C-H.),HP,HBr 3(C;H,),PO,2HBr 
(1) 195 
Bromine, . 1% 205} 14°44 
(3) 163 


Platinum Salt.—Prepared by mixing alcoholic solutions of chloride of platinum and 


of the substance. The compound crystallises out in minute leaflets. Its composition 
varies with the conditions under which it is prepared. 


Obtained from 
‘Hofmann’s Dibenzyl Phosphine. Oxide of Tribenzyl Phosphine. 
I, Il. III. IV. Ws 
Carbon, 59°5 56°5 58°5 589 59°4 
58 53 53 5°4 
12-4 
Chlorine, . | 126 


(1, IL, IIL, IV., and V. were all different preparations.) 


Calculated for 
5(C;H,),PH,PtCl, 
Carbon, 59°5 59°5 
Hydrogen, . 53 50 
Chlorine, . 11°7 
Platinum, . ; ; 140 12°5 


Nitro-Compound.—Obtained by dissolving the body in cold fuming nitric acid, and 
then precipitating with water. Amorphous. 
Obtained. Calculated for 
ith Hofmann’s ; A 
Dibenzy] Phosphine.) (C,H,NO,),HP (C,H, NO,),PO 


Double Salt with Iodide of Zinc.—This compound separates out when fairly strong 


alcoholic solutions of the body and iodide of zinc are mixed, in tufts of characteristic 
needles. 


Obtained from 
‘Hofmann’s Dibenzyl Oxide of Tribenzyl Phosphine. 
Phosphine. I, I. 
lodine, 26°57 26°0 259 
Calculated for 
3(C,H,),HP,Zn1, 2(C,H,),PO,Zn1, 
Iodine, 26°43 26°48 


Action of fused Potash on Hofmann’s “ Dibenzyl Phosphine.”—In the paper by 
one of us and W, WHEELER, already referred to, the statement is made that when 
Hormann’s dibenzy] phosphine is heated with caustic, potash, or soda, “it fuses and 
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floats on the surface of the melted alkali. No violent action occurs, but on cooling the 
mixture and treating it with water the greater portion dissolves, and acids then precipi- 
tate a flocky crystalline substance, which is dibenzyl phosphinic acid.” In corroboration 
of this statement, the melting point of the acid and analyses of its lead and barium salts 
were given, all in accordance with the required numbers. After we had satisfied 
ourselves that Hormann’s dibenzyl phosphine was oxide of tribenzyl phosphine, and 
nothing else, this reaction recurred to our minds as a further and very striking excuse 
for the mistake which we (and Hormann) had fallen into, and we thought it of im- 
portance to verify the previous observation. This we have accordingly done, both with 
HorMann’s dibenzyl phosphine and with a specimen of oxide of tribenzyl phosphine 
prepared by a different process. 

The phenomena observed were exactly the same as those previously described, and 
the melting point of the acid obtained after two recrystallisations from alcohol was found 
to be 192° C. (corr.), which is the melting point of pure dibenzyl phosphinic acid. Our 
previous observations are thus fully confirmed. 

The reaction in all probability occurs as follows :— 


(C,H,),PO+KHO = C,H, +(C,H,),KPO, . 


INVESTIGATION OF THE PRODUCT OF THE SEALED TuBE REACTION FOR THE SECONDARY 
AND TERTIARY PHOSPHINE. 


The occurrence of oxide of tribenzyl phosphine among the products of the sealed 
tube reaction led us to suspect that the tertiary phosphine had been formed in the 
first instance, but was subsequently oxidised by the air, as in isolating the oxide all 
the operations had been performed in open vessels. Quite accidentally, our suspicions 
received strong confirmation. 

In one of our later experiments, after the primary phosphine had been distilled 
from the crude product of the reaction in a current of steam, the viscous mass remain- 
ing was treated with an alcoholic solution of potash, instead of an aqueous solution as 
we had used in our earlier experiments. 

After boiling for about four hours with alcoholic potash, in a flask fitted with an 
upright condenser, the solution was filtered from oxide of zinc, &c., and on cooling 
deposited feathery crystals like sal-ammoniac, and not at all like the needle-shaped 
crystals of oxide of tribenzyl phosphine. The liquid was decanted from these crystals, 
and to remove adhering potash they were washed with cold water, and were then 
pressed between filter-paper to dry them. On unfolding the paper, the crystalline mass 
grew very hot, and after repeated recrystallisation from alcohol (in an open vessel), the 
resulting crystals were needle-shaped, and had a melting point of 215°°5 (corr. ). 

The conclusions we drew from this result were that the tertiary phosphine 7s formed 
in the reaction, and that it is a solid crystalline body which rapidly absorbs oxygen from 
the air with disengagement of heat, and is eventually converted into its oxide. 

VOL. XXXV. PART II. (NO. 15). 4¥ 
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Another experiment was made in a similar manner, when the same phenomena 
recurred, the crystalline cake growing so hot that we thought it would ignite. 

The problem we had now to solve was to isolate the tertiary phosphine from the 
numerous bye products, and this we foresaw would be no easy task, as all the operations 
would have to be performed in closed vessels and in an inactive gas. We scarcely 
hoped to be able to purify the phosphine by distillation, as it would almost certainly 
have a boiling point higher than that of triphenyl phosphine, which distils above 360°. 
The only available plan for its purification appeared to be crystallisation from alcohol. 
Accordingly, we constructed an apparatus for liberating the phosphine, and crystallising 
it from alcohol in hydrogen. (Fig. 2 of the Plate.) 

Experiment 1.—Twelve sealed tubes, each charged with 16 grms. phosphonium iodide, 
12 grms. benzyl chloride, and 4 grms. zinc oxide, were heated for six hours at 120°. Their 
contents were then transferred, as we have described on p. 541, to a flask, and the primary 
phosphine liberated by water and steam and distilled off. The residual brown resinous 
mass was steamed three times with water, and was then transferred to the flask A, and 
drained from water as far as possible. 50 grms. of potash were dissolved in 400-500 c.c. 
of alcohol; the flask A connected with the condenser, filled with hydrogen, and the 
potash solution added through C. D was then closed (with an india-rubber tube and 
a glass rod), and C left open for the escape of hydrogen. The mixture in A was then 
boiled for about three hours, during which a gentle stream of hydrogen was allowed to 
flow through the apparatus. C was now closed. D connected with E, and pushed down 
so that its end was at the bottom of A. The hydrogen thus forced the liquid into F 
(previously filled with the gas), when it was filtered into H. As it cooled crystals 
separated, but in addition an oily liquid also. After the lapse of some time H was closed 
by the pinchcock G, F disconnected, the ends of K and I closed, and H inverted. The 
alcoholic mother-liquors were separated from the crystals and oily liquid by attaching K to 
the hydrogen generator, and opening G, when they were forced out. The crystals and oily 
liquid were washed twice with water added through G. Next, after draining off the 
water, alcohol was run in and the crystals boiled with it, while a stream of hydrogen passed. 
On cooling both the crystals and oily liquid separated out again. The mother-liquors 
were drained off as before, and the crystals and oil dried in a stream of hydrogen (H 
being placed in boiling water). 

An attempt was then made to separate the phosphine by distillation in vacuo, but 
without success. A little liquid passed over at first, but free phosphorus soon separated, 
and the temperature suddenly rose above 360°, with complete decomposition. 

There had remained in the funnel F, in this experiment, a considerable quantity of 
a dirty oily liquid mixed with some crystals. It was washed two or three times with 
water, and was then examined. 

(1) A portion mixed with iodide of methyl soon reacted, the mixture grew very hot 
and entered into ebullition, and after a short time an oily liquid resulted. 

(2) Another quantity was mixed with crystallised iodide of benzyl, when a good deal 
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of heat was also developed, sufficient indeed to cause the water mechanically mixed 
with the product to boil. On cooling the product partly solidified. By recrystallising 
it from alcohol several times, colourless rhombohedral crystals were obtained, identical 
in form with tetrabenzyl phosphonium iodide, and having a melting point of 189°°5 
(corr.) (that of the pure iodide being 189°). 

These results pointed to the conclusion that after all tribenzyl phosphine is not a 
solid, but an oily liquid, which is sparingly soluble in alcohol, and that the spontaneous 
oxidation and heating of the crystalline cake which we have mentioned was due to the 
oxidation of liquid tribenzyl phosphine adhering to the solid oxide. In our next experi- 
ment we proceeded somewhat differently. 

Expervment 2.—The contents of'twelve sealed tubes were steamed, &c., and 30 grms. 
of crude primary phosphine obtained. The viscous residue was twice steamed with fresh 
quantities of water to remove the hydracids and zinc salts. It was then boiled in the 
flask A with 50 grms. of caustic potash and about 300 c.c. of alcohol for an hour. The 
tube D was now pushed down below the alcholic solution, while L was connected with 
a condenser and the condenser B removed, and a cork substituted for it. Steam was next 
blown through D until all the alcohol was distilled off and a good deal of water had 
condensed in A. At the bottom of this was a layer of oxide of zinc, while above it an 
oily layer floated. The whole was allowed to cool in a current of hydrogen, when the 
oily layer solidified. A was now inverted, and a current of cold water run in through D, 
and allowed to run out through L. By this means the solidified oily matter was 
thoroughly washed without coming in contact with air, and freed from potash and oxide 
of zinc. Experiments tried with it showed that it reacted energetically with iodide 
of benzyl, giving tetrabenzyl-phosphonium iodide, also that it dissolved for the greater 
part in a hot solution of hydriodic acid of constant boiling point, and the solution after 
filtration through asbestos deposited a bulky crystalline precipitate. It was also found 
that ether dissolved the greater portion of the solidified oil, but left an insoluble 
crystalline solid. 

We therefore treated the whole of the solidified oil with ether, and filtered the solution 
from the solid crystalline mass remaining. The latter, when extracted with spirit and 
the solution crystallised, gave oxide of tribenzyl phosphine, which was identified by its 
melting point, 215°-215°°5, and other properties. 

Now as all the operations had been conducted out of contact with air, this substance 
could not have been formed by the oxidation of Sata phosphine. We shall consider 
its probable origin later on. 

We decided to precipitate the ethereal solution with gaseous hydriodic acid, and to 
examine the crystalline hydriodate which we anticipated would be that of the tertiary 
phosphine. In a preliminary experiment, we easily obtained a bulky crystalline precipi- 
tate. This, after washing with ether, was dissolved in hot solution of hydriodic acid, the 
solution filtered through asbestos, and allowed to cool, when a colourless bulky crystalline 
precipitate formed. This was thrown into a funnel plugged with glass wool, then drained 
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on a plate of unglazed porcelain, and placed in a desiccator to dry, but it became 
so brown from sepgrated iodine that it was not deemed advisable to analyse it. 
It was decomposed with a hot solution of caustic potash, when an oily liquid resulted, 
which was washed with water. Some of this, when exposed to the air and warmed, 
gradually became crystalline, and the crystals when recrystallised from alcohol had 
the appearance of oxide of tribenzyl phosphine. Another portion, when mixed with 
crystallised iodide of benzyl, evolved heat, and the product when recrystallised from 
alcohol separated in the characteristic form of tetrabenzyl phosphonium iodide, and had 
the melting point 189° C. After these preliminary experiments, it was decided to 
precipitate the remainder of the ethereal solution with hydriodic acid gas; but as the 
ethereal solution contained a little water, fractional precipitation was resorted to, as we 
considered it probable that the first portions of the precipitated hydriodate would carry 
down the whole of the water. This surmise was fully borne out by experiment, for 
on passing hydriodic acid through the solution a quantity of a slimy white precipitate 
separated, and on filtering from this and passing hydriodic acid through the filtrate, a 
pure white flocculent precipitate was obtained, which was (after the solution had been 
saturated) thoroughly washed with dry ether, and then dried in vacuo, On analysis, the 
following numbers were obtained :— 


Analysis. 
(1) 10223 required 26cc * AgNO,=03302 1=32:29 per cent. 
(2) 05028 secre , =0156211=3106 
Calculated for 

Found. on 
(C,H,),HP.HI (C,H,),P.HI 

37°13 29°39 


The above analyses indicated, in our opinion, that the compound was a mixture of 
the hydriodates of dibenzyl phosphine and tribenzyl phosphine, a view of its composi- 
tion which was rendered the more probable from the experiments described on p. 568 on 
the action of iodide of benzyl on the primary phosphine, which were made almost at the 
same time. We therefore decided to obtain a fresh and larger quantity of the 
hydriodates. 

Experiment 3.—The contents of twelve sealed tubes were treated exactly as in 
experiment 2, and an ethereal solution obtained of the “ solidified oil.” 

The bulk of this was treated with gaseous hydriodic acid, when a large quantity 
of a white precipitate was formed. An attempt was made to saturate the solution 
with hydriodic acid, but unfortunately the ether itself was rapidly attacked, yielding 
water and iodide of ethyl, with the result that the hydriodates of the phosphines 
were partly dissolved and a slimy mass obtained, which we could not dry nor do 
anything with. 

Some of the ethereal solution of the cake of crude phosphines was mixed with a 
filtered solution of sulphur in bisulphide of carbon, when much heat was evolved, and 
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a dense white precipitate formed. This was thrown into a filter, and then washed about 
six times with ether. Then, to remove any sulphur, it was boiled with chloroform (in 
which very little dissolved), thrown into a filter, and washed with chloroform. It was 
then dried and analysed. 


Analysis. 
11443 CO, =0°312082 C =73°46 per cent. 
H,O=0:027904 H= 657s, 
Obtained. Calculated for (C,H,),PS 
Carbon, 73°46 75°00 
Hydrogen, . . 6°57 6:25 


The compound was evidently not pure, but as it was insoluble in alcohol, and only 
sparingly soluble in chloroform, no method of purification suggested itself immediately. 
Eventually it was found that it would be recrystallised from boiling glacial acetic acid, 
in which it is slightly soluble, crystallising as the solution cools in tufts of needles. 
Some of the product was thus recrystallised several times and analysed. 

01089 H,O=00121 H= 67 


Obtained. Calculated for (C,H,),PS 
75°00 
Hydrogen,. 6°75 6°25 


Sulphide of tribenzyl phosphine fuses at 276° (corr.), and darkens on exposure to 
light. It is evidently difficult to purify. 

Experiment 4.—The contents of eleven sealed tubes were treated as before, and 
an ethereal solution obtained of the “solidified oil.” This was filtered and distilled to 
dryness in a current of carbonic anhydride. The residue consisted of about 50 c.c. 
of a yellow fluorescent liquid which was very viscous. It was mixed with about 500 c.c. 
of pure dry benzol, in which it easily dissolved on agitation. On leaving this mixture 
undisturbed (the flask being filled with carbonic anhydride to prevent oxidation) a bulky 
crystalline precipitate formed after some hours. This we at first took to be oxide of 
tribenzyl phosphine, but subsequent investigations proved it to be a totally different 
substance. We shall refer to it later as the “‘ Insoluble crystalline body.” 

The benzol solution filtered from it was saturated with dry hydriodic acid, when an 
abundant white crystalline precipitate of the phosphine hydriodates was formed. This 
was collected on a cloth filter, and washed two or three times with dry ether. The mass 
drained as far as possible from adhering ether by pressure between filter paper weighed 
88 grms. 

It was next boiled in a stream of hydrogen with solution of caustic potash as long as 
either benzol or ether passed over; the mixture allowed to cool, and the oily layer (after 
syphoning off the potash solution) mixed with ether. This latter did not, however, dissolve 
the whole product, but left a considerable quantity of a white slimy substance. The 
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ethereal solution was filtered off, and distilled to dryness in a current of hydrogen. 
The residue thus obtained weighed from 20-30 grms. 

It was submitted to distillation under diminished pressure, the distilling flask con- 
taining it being immersed in a bath of fusible metal. Average pressure during 
distillation 90 mm. ; temperature of fusible metal, 260°-300° C.; temperature of liquid 
distilling over, 100°-180°. The distillation was stopped after about one-fifth of the 
total product had passed over, as signs of decomposition began to appear in the residue. 

The distillate was a colourless liquid. The residue when cold, a fluorescent, viscous 
(almost solid) mass. The distillate had the following properties :— 

(1) Exposed to the air it oxidised violently, and gave white fumes; it grew so hot 
that a vessel containing it could not be touched. A syrup resulted. This had an acid 
reaction, and dissolved for the greater part in potash solution, leaving a slight residue, 
which was viscous. On adding hydrochloric acid to the potash solution, no precipitate of 
dibenzyl phosphinic acid was produced. On adding sulphate of copper to the neutralised 
potash solutions, no precipitate was produced in the cold, but on warming, the charac- 
teristic precipitate of monobenzyl phosphinite of copper was thrown down. 

(2) Treated with crystallised benzyl iodide, the mixture grew slightly warm, and from 
the product only a very small quantity of iodide of tetrabenzyl phosphonium could be 
obtained. 

These results show that monobenzyl phosphine was contained in the distillate, and 
probably only minute quantities of di- or tribenzyl phosphine. 

Our experiments so far, have undoubtedly shown that the semisolid mass which is left 
on digesting the sealed tube product with potash, &c., contains both the secondary and 
tertiary phosphines, but whence comes the primary phosphine? Provisionally, we must 
assume that it is derived from the destructive distillation of the secondary phosphine. 


2(C,H,),P =(C,H,)PH,+ (C;H,),P, 


and that the tertiary phosphine also is scarcely volatile without decomposition. 

It was at all events proved that we need not attempt to isolate the secondary and 
tertiary phosphine by distillation, and that some other method must be devised. 

Expervment 5.—The contents of twelve sealed tubes were treated as before with steam, 
and afterwards with potash, &. The remaining semisolid cake of phosphines weighed 
about 97 grms. 

The cake was treated with a considerable quantity of ether, and the residue (A) 
reserved for examination. The filtered ethereal solution, together with the ethereal 
washings from the insoluble matter, were left undisturbed for about sixteen hours, when a 
good deal of crystalline matter (B) was precipitated. On filtering from this, and 
adding an additional quantity of ether to the solution, more insoluble crystalline matter 
was precipitated. The addition of ether was continued until no further precipitation 
occurred. 


The filtered ethereal solution was then boiled to dryness in a current of carbonic 
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anhydride, when a yellowish liquid remained, which on cooling became semicrystalline. 
When perfectly dry it weighed 64°5 grms. It was examined as follows :— 7 

(1) On adding ether, a good deal remained undissolved (probably “insoluble crystalline 
body ”). 

(2) Six grms. of the crude product were mixed with 6 grms. of crystallised iodide of 
benzyl. On agitation the mixture grew excessively hot. When cold the mass was 
extracted with ether (to remove the excess of iodide of benzyl and any other impurities), 
then boiled with alcohol, and the solution allowed to crystallise. The resulting crystal- 
line mass of crude iodide of tetrabenzyl phosphonium weighed when dry 5°5 grms., 
which with the quantity of substance operated upon correspond with 53 per cent. of 
tribenzyl phosphine. 

The crude iodide was purified by recrystallising it four times from alcohol. 

Analysis. 


03956 gave 0°1758 Agl=0°095006 I= 24°01 per cent. 


Obtained. Calculated for (C;H,),PI 
24°01 24°32 


To identify the iodide with absolute precision some of it was converted into acid 
sulphate (by boiling with diluted sulphuric acid), and an analysis made of the purified 
product. 3 


Analysis. | 
05726 grms, gave 0'°2679 BaSO,=0°1103793 SO,=19°27 per cent. 
Found. Calculated for (C,H,),P.HSO, 


(3) 5°6755 grms. were exposed to the air in a platinum dish, but no heat was de- 
veloped. Weak baryta solution was then added, and the mixture evaporated to dryness : 
redissolved several times with fresh quantities of water and evaporated to dryness, in 
order to ensure complete oxidation. The residue was then boiled with water, the solution 
filtered and mixed with hydrochloric acid, but no definite precipitate of dibenzyl phos- 
phinic acid could be obtained. 7 

However, on boiling the residue with caustic potash, then extracting with water and 
acidulating the solution with hydrochloric acid, a very bulky precipitate of dibenzyl 
phosphinic acid was obtained, which weighed when washed and dried 1°1300 grms.* The 
insoluble residue from the potash treatment was oily. It was extracted with ether several 
times, and the ethereal solution evaporated to dryness: the residue weighed 0°9401 grms. 
_ The residue from the ether treatment was boiled with alcohol, the solution filtered and eva- 
porated to dryness, when 2°4420 grms. of crude oxide of tribenzyl phosphine were obtained. 

There remained after the treatment with alcohol 11233 grms. of insoluble matter, 
which was proved to contain the substance we have called above “ Insoluble crystalline 
body.” 


* At first we thought it possible that the dibenzyl phosphinic acid might have owed its origin to the action of the 
potash solution on oxide of tribenzyl phosphine (see p. 558). But that this reaction does not occur when oxide of tri- 
benzyl phosphine is boiled with caustic potash solution, we proved by an actual experiment, 
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Tabulating the above results, we obtained by oxidising 5°6755 grms. of the crude 


product, 


Crude dibenzyl phosphinic acid, 

Substances soluble in ether, 

Crude oxide of tribenzyl phosphine, ‘ 

Substances insoluble in alcohol (containing “ insoluble crystalline body "), 


1'1300 grms. 
‘9401 

24420 

1:1223 _e,, 


56344 


The weight of dibenzyl phosphinic acid corresponds roughly with 20 per cent. of 
dibenzy! phosphine, and that of the oxide of tribenzyl phosphine with about 50 per 
cent. of tribenzyl phosphine. The experiment confirms former results, and shows that 
the product is a complex mixture, but is composed mainly of the two phosphines. 

Having thus definitely proved that the two phosphines are produced in HoFMANN s 
reaction, we had next to devise a method for scparating them from each other and for 
isolating them in the pure state. We had already tried fractional distillation, and had 
failed in accomplishing the desired object ; we had also tried, though without any large 
measure of success, to isolate the tertiary phosphine by crystallising it trum alcohol. The 
experiment had indeed left us somewhat in doubt as to whether it is a solid or a viscous 
liquid. At the time, however, we had only a very crude and impure product at our dis- 
posal, containing a large quantity of oxide of tribenzyl phosphine; whereas now we had a 
product, comparatively speaking, pure and free from that substance. As no other method 
could be devised for isolating the tertiary phosphine, we decided once more to see whether 


it was a solid substance capable of being crystallised from alcohol. 


Accordingly the 


remainder of the product, some 50 grms., was first treated with a somewhat large quantity 
of ether, when a considerable quantity of “ insoluble crystalline body” was obtained. 
It was perfectly colourless, and weighed when dry 2 grms. The ethereal extract was 
filtered from this, and again diluted with ether, to see whether any more insoluble crystal- 
line matter would be precipitated, but the solution remained clear. The ethereal solution 
_ was then distilled to dryness in a current of carbonic anhydride, and alcohol added to the 
hot solution in such quantity that the mixture when boiled gave a clear solution, with only 
a few oily drops. This mixture (contained in a flask full of carbonic anhydride) deposited 
on cooling a good deal of a viscous liquid, and then after about twenty-four hours’ rest a 
considerable quantity of minute colourless crystals separated, which when examined with 


a lens appeared to be thick quadratic plates. 


The following experiments were made with portions of the crystals :— 
(1) Warmed with crystallised iodide of benzyl, reaction occurred, and iodide of tetra- 


benzyl phosphonium was obtained. 
(2) The crystals seemed to be volatile without decomposition. 


(3) They were soluble in ether, but on exposure to air the solution grew turbid rapidly, 
and needle-shaped crystals separated out, which had the characteristic form of oxide of 
tribenzyl phosphine, and which gave its characteristic compound when treated with a 


solution of bromine in acetic acid. 


> 
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(4) A quantity of the crystals were removed, quickly dried from adhering oily matter 
by pressure between filter-paper, then dissolved in bisulphide of carbon and mixed after 
filtration with a solution of sulphur in bisulphide of carbon. An immediate precipitate 
of fine needles occurred. These were filtered off, dried by pressure, then recrystallised 
from boiling glacial acetic acid, in which they are only sparingly soluble. On cooling 
nearly the whole of the compound separated in tufts of colourless fine needles. After a 
single recrystallisation from acetic acid, the corrected melting point of the substance was 
found to be 276° C. An organic analysis gave the following results :— 

0:7935 CO 

02021 gave} 6.1704 0018033 H= 648 


07180 CO, =0'195818 C =73°78 per cent. 
gave 01558 H,O=0017311 H= 652 


Obtained. 
Calculated for (C;H,),PS 
(1) (2) 
Carbon, . ; 7408 73°78 75°00 
Hydrogen, . 6°48 6:52 6°25 


We have already mentioned that sulphide of tribenzyl phosphine is very difficult to 
purify. Its melting point we had previously found to be 276. 

(5) Another quantity of the crystals, removed from the upper portions of the crystalline 
cake, and which looked pure and free from the oily matter, was very carefully removed 
and rapidly thrown into a filter placed in a funnel in a deep beaker full of carbonic 
anhydride. They were then several times washed with alcohol and the filter containing 
them rapidly transferred to a wide glass tube full of carbonic anhydride, which was 
then plugged with a perforated cork, and a stream of dry carbonic anhydride passed 
through it, while the tube was gently warmed. By these means the crystals were washed 
and dried with a minimum chance of oxidation. The dry crystals were then rapidly 
transferred to a small tube full of carbonic anhydride, and a combined organic analysis 
and phosphorus determination made by the method already alluded to. 

Analysis. 


1:0823 CO = 0°295172 C = 81°22 per cent. 
0°3634 gave 0°2455 H,O =0027277H = 75 a 
01352 Mg,P,0O, =0°037758 P =10°39 
Obtained. Calculated for (C,;H,),P 
Phosphorus, . 10°39 10°19 


The numbers obtained in the above analysis are sufficiently close to those calculated 
for tribenzyl phosphine, to prove that we had at last succeeded in isolating that sub- 
stance, if not in an absolutely pure condition. 

In another experiment we still further identified the tertiary phosphine by obtaining 


* The hydrogen is no doubt too high, as the combustion tube was not warmed, and cold oxide of copper was used— 
both no doubt containing hygroscopic moisture. 
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its selenium compound. To produce this substance some of the ethereal solution, obtained 
as we have described above, was mixed with bisulphide of carbon and freshly precipitated 
selenium. The selenium rapidly disappeared, and a white precipitate was formed. This 
was boiled with alcohol, in which it was insoluble, then dissolved in a large quantity of 
boiling glacial acetic acid, the solution filtered from excess of selenium, and allowed to 
cool, when beautiful silky needles separated, which were colourless. They melted at 
256°°5, and on analysis gave the following numbers :— 


Analysis. 
01487 H,O=0°016522 H= 5°93 per cent. 
02786 gave | CO, =0:185454 C=6656 _, 
Obtained. Calculated for (C,H,),PSe 
Carbon, .. 66°56 65°96 
Hydrogen, 5°93 5°49 


The selenium compound decomposes slowly on exposure to light. 


AcTION OF THE HaLorp Compounps oF BENZYL ON THE PRIMARY PHOSPHINE. 


Action of Benzyl Iodide on Monobenzyl Phosphine.—We investigated this action 
chiefly with the view of obtaining dibenzyl phosphine, but also with the object of 
obtaining from it tribenzyl phosphine, by the further action of benzyl iodide. 

We naturally anticipated that if the reaction between the two substances occurred at 
allit would be of the usual kind, and would at once give rise to a simple product. Experi- 
ment has, however, shown that such is not the case, as the following results show. 

Experiment 1.—6 grms. of crystallised benzyl iodide * were placed in a tube, which 
was then filled with carbonic anhydride, and 5 grms.t of the primary phosphine were 
added. The tube was sealed and the mixture agitated, when the benzyl iodide liquefied, 
and a turbid fluid resulted (probably from a trace of water in the benzyl iodide). After 
about ten minutes the mixture solidified to a snow-white crystalline mass, but no sensible 
rise of temperature occurred. ‘The tube was opened after two days, and the hard solid 
mass which it contained broken up, and treated with washed and distilled ether. The 
ether was, however, not sufficiently dry, and as a consequence the mass became pasty from 
absorption of water. It was then thrown into a filter, which was placed in a desiccator 
in vacuo. It soon became hard and brown at the edges. : 

It was found that boiling chloroform dissolved the product, and that crystals—pre- 
sumably of hydriodate of dibenzyl phosphine—separated on cooling. Accordingly, the 
whole was dissolved in boiling chloroform, but on cooling es a very small quantity of 
crystalline matter was obtained. 

Moreover, on evaporating off the chloroform, no solid sia remained, but only a 
viscous liquid, from which we did not succeed in obtaining any definite substances. 

Experiment 2.—12 grms. of the primary phosphine of boiling point 170°-190° C. 


* Prepared by a very simple method discovered by us, namely, by saturating benzyl alcohol with dry hydriodic acid 
and washing the product with water when it solidifies. The yield appears to be quantitative. - 

t A large excess of the primary phosphine was therefore employed, as the molecular weight of C,H,I is 218, while 
that of C,H,PH, is 124; so that, roughly speaking, 2 parts of the former is required for 1 of the latter. 
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were mixed with 70 c.c. of absolutely dry ether.* 22 grms. of pure iodide of benzyl 

were dissolved in 150 cc. of dry ether, and the two solutions mixed. A colourless 

liquid resulted, which, with the exception of growing slightly turbid, did not suffer any 
noticeable change after twenty-four hours. 

The ether was therefore distilled off. When most of it had passed over, the viscous 
residue began to crystallise rapidly, and a brisk action appeared to occur, a considerable 
quantity of hydridic acid coming off. The flask was removed from the water-bath in 
which it had been heated, and when cold a quantity of dry ether was added to its contents, 
which consisted partly of crystalline matter, but chiefly of a brown viscous mass. The 
latter, in contact with the ether, gradually became white and crystalline, eventually 
completely so. This crystalline product was pounded up, and carefully washed with 
dry ether. 

Some of the product thus purified was boiled with water, and yielded an oily liquid, 
which on cooling partly solidified. This was treated with ether, when a white crystalline 
solid remained, and on crystallising it from alcohol it had the characteristic form of 
iodide of tetrabenzyl phosphonium. The whole of the product was treated with water and 
steam in a current of hydrogen to decompose the hydriodates and to liberate the phos- 
phines. No primary phosphine passed over. The water when cold was poured off, 
and the semisolid mass again steamed with fresh water, and this poured off when cold. 
Next the mass was shaken with ether and the solution filtered from undissolved crystal- 
line matter. The latter, on recrystallisation, had the characteristic form of oxide of 
tribenzyl phosphine. 

The ethereal solution on keeping deposited a good deal of crystalline matter. After 
a day or two it was decanted from this, and boiled to dryness in a stream of 
hydrogen. A colourless liquid remained, which gradually deposited crystals. The whole 
was distilled im vacuo, the distilling flask being immersed in a fusible metal bath. 
Pressure about 190 mm.; temperature of metal bath, 260°-270°. A fair quantity of liquid 
distilled, its vapour having a temperature during distillation of 120°-125°. The residue 
decomposed somewhat. (We discuss the properties of this distillate on p. 570.) 

Experiment 3.—22 grms. of crystallised iodide of benzyl were placed in a flask full 
of carbonic anhydride, and 12 grms. of the primary phosphine (boiling point 170°-190°) 
added. The iodide of benzyl dissolved on agitation, then action gradually set in, and after 
some hours the mixture became solid. After about twenty-four hours, some of the solid 
product was removed, pounded up in a mortar, and washed six times by decantation 
with dry ether, until a drop of the washings left no appreciable residue on evaporation. 
It was then placed in vacuo, and formed when dry a colourless powder. 

Analysis, 

0°4428 gave 03032 =0°163857 I=37-00 per cent. 


Obtained. | Calculated for (C,H,),PH.HI 
Iodine, 37°0 37°13 


* Distilled from phosphoric anhydride. 
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The rest of the product was washed with dry ether, and then decomposed by potash 
in a flask through which a stream of hydrogen flowed. A current of steam was then passed 
to complete the decomposition, and to drive off any volatile matters. The aqueous 
solution was then decanted, and the oily liquid reserved for examination. 

(1) On mixing some of this liquid with iodide of benzyl in excess, much heat was 
disengaged, and on cooling a viscous mass resulted. This boiled with caustic potash 
gave a solid substance, and on crystallising the latter from alcohol two sets of crystals 
were obtained, one having the characteristic form of iodide of tetrabenzyl phosphonium, 
the other that of tribenzyl phosphine oxide. 

(2) The rest of the oily liquid was left for some time and became semisolid. On 
treating this with ether, a white crystalline solid remained undissolved, which was 
apparently oxide of tribenzyl phosphine. The ethereal solution filtered from this was 
distilled off in a stream of hydrogen, and left about 10 grms. of a colourless liquid, which 
was distilled 1 vacuo. 

It behaved in exactly the same manner as described with the corresponding liquid 
obtained in Experiment 2; that is to say a little liquid distilled over—say about one-third 
of the original quantity operated on—and the residue then showed unequivocable signs 
of decomposition with separation of red phosphorus. The distillate was mixed with the 
corresponding distillate described under Experiment 2, and the mixture submitted to an 
oxidation experiment conducted quantitatively. 

1°3995 grms. were weighed out in a sealed tube and transferred to a beaker. Dense 
white fumes were produced at first, and a syrupy liquid resulted. After twelve hours, 
baryta solution was added, and the mixture evaporated to dryness several times, with 
addition ef water. The aqueous solution was then filtered and mixed with hydrochloric 
acid, whena crystalline precipitate of dibenzyl phosphinic acid was produced, which weighed 
when dry 0°0912 grms. The residue insoluble in water was treated with a little hydro- 
chloric acid to remove carbonate of barium, then washed and dried. Its weight amounted 
‘to 0°1098 grms. It consisted mainly at all events of oxide of tribenzyl phosphine.* 

The filtrate from the dibenzyl phosphinic acid and the hydrochloric acid washings 
from the oxide of tribenzyl phosphine were evaporated on a water-bath to drive off 
excess of hydroehloric acid, the residue neutralised with baryta, and again evaporated to 
dryness, and extracted with alcohol. The alcoholic extract when dry weighed 0°3786 
grms. ‘This residue gave all the characteristic reactions of benzyl phosphinite of barium, 
and was considered to be that substance. The residue from the alcoholic extraction was 
dissolved in water, and the solution boiled, when the characteristic erystals of benzyl 
phosphinate of barium were precipitated. 

These results prove that the distilled liquid was chiefly monobenzyl phosphine 
mixed with smaller quantities of dibenzyl and tribenzyl phosphine. 


* The dibenzyl phosphinic acid was identified by its melting point (191°’5-192°) after recrystallisation. The oxide 
of tribenzyl phosphine by its characteristic crystalline form and by the production of its crystalline compound with 
bromine in acetic acid. 
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The percentage weights of the oxidised products referred to the weights of the original 


liquid are as follows :— 


From— 
(C,H) PH, 


Experiment 4.—22 grms. of benzyl iodide were placed in a flask, and the latter filled 
with carbonic anhydride, and 12 grms. of the phosphine (several times rectified and 
boiling from 175°-185° C.) were then added. The mixture was very slightly warmed, so 
as to melt the iodide of benzyl, and then agitated to ensure thorough mixing. 

Although the crystallised benzyl iodide had been dried as far as possible by pressure 
between filter-paper, it must have been wet, as small drops of water were distinctly 
visible in the mixture. 

The flask containing it was loosely corked, and set aside. In about ten minutes 
solidification commenced and proceeded gradually, but suddenly, after the lapse of about 
twenty minutes more, the partially solidified mass grew hot, and emitted a cloud of 
hydriodie acid. It was left at rest for some hours, and had by that time become brown 
at the edges. It was now removed from the flask, pounded up, and repeatedly washed 
with ether until nothing further was extracted. The product consisted of a snow-white 
powder. It was dried by pressure between filter-paper and finally em vacuo. 

The following experiments were made with it :— 

(1) 4°693 grms. were mixed with caustic potash solution, and the mixture evaporated 
to dryness on a water bath; redissolved in water, again evaporated, and so on two or three 
times to ensure complete oxidation. The residue was then treated with water, and 
the solution filtered from the colourless insoluble matter which remained. 

The solution and washings were then precipitated with hydrochloric acid, when an 
abundant precipitate of dibenzyl phosphinic acid separated which, when washed and 
dried, weighed 1°304 grms. It was identified by its melting point, which after one 
crystallisation from alcohol, was found to be 193°. 

The insoluble matter was dried, and weighed 0°816 grms. After one crystallisation 
from alcohol, it had melting point of 211°, that of oxide of tribenzyl phosphine 
being 215°°5. 

Calculating from these numbers the quantities of dibenzy! phosphine hydriodate 
and tribenzyl phosphine hydriodate in the original product, the first would amount to 
about 38 per cent., the second to about 23 per cent. 

(2) We wished to ascertain with certainty whether the product contained, in addition 
to the secondary and tertiary eompound, the quarternary iodide also. As the latter gives 
the oxide when boiled with potash solution, we decided to decompose the product with 
water. Accordingly, the remainder of it was placed in a small separating funnel, and 
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steamed for about an hour, while a current of carbonic anhydride passed at the same 
time to prevent oxidation. 

The oily liquid which resulted was washed two or three times with water, afterwards 
with a dilute and cold potash solution, and then shaken up with ether. A white powder 
remained undissolved, which was dissolved in a little hot alcohol. The solution deposited 
on cooling crystals having the characteristic form of tetrabenzyl phosphonium iodide. 
But we did not obtain sufficient for investigation. 

The results of the above experiments are curious and interesting. We think that only 
one conclusion can be drawn from them, namely, that the primary phosphine acts upon 


iodide of benzyl in the same manner that ammonia does upon an alkyl iodide, the three 
following reactions occurring :— 


(1) (C,H,)PH,+ C,H,1=(C,H,),HPHI 

(2) (C,H,)PH,+2C,H,I =(C,H,),P.HI+HI 

(3) 
Thus confirming the results of our investigation of Hormann’s sealed tube reaction (see 
p- 566). 

The only other explanation, viz., that the primary phosphine used contained both the 
secondary and tertiary bases as impurities, is, we venture to think, untenable, for it had 
been repeatedly rectified, and the boiling points of di- and tri-benzyl phosphine, as we 
have shown, are at very high temperatures—so high indeed that they decompose almost 
completely when distilled. Moreover, in our experiments on the oxidation of the primary 
phosphine, no dibenzyl phosphinic acid nor tribenzyl phosphine oxide were obtained, 
and we should certainly kave noticed them had they been produced. These views have 
been materially strengthened by our experiments on the action of chloride of benzyl on 
the primary phosphine. | 

Action of Chloride of Benzyl on Monobenzyl Phosphine—Experiment 1.—Five grms. 
of the primary phosphine (boiling point 175°-185") were placed in a tube previously filled 
with carbonic anhydride, and 5 grms. of chloride of benzyl were added. The tube was 
then sealed and left fora night, but no signs of any reaction having occurred were 
apparent. The tube was then heated for about six hours at 130° C. Its contents then 
consisted of a somewhat viscous liquid, and on opening pressure was observed. 

A quantitative oxidation experiment was made with the product. 4°3255 grms. 
were evaporated with water in a dish. It fumed, and the mass quickly grew crystal- 
line. The product was crystallised once from alcohol, and then had a melting point 
of 213°, and all the appearance of oxide of tribenzyl phosphine. It weighed 0°8373 grms. 
The alcoholic mother-liquors solidified when warmed with baryta solution, and the solid 
mass thus obtained appeared to consist of crude tribenzyl phosphine oxide also. It 
weighed when dry 0°8623 grms. The aqueous extracts and the baryta solution filtered 


from the crude oxide gave scarcely a trace of dibenzyl phosphinic acid, but they 
gave the reactions of benzyl phosphinous acid. 
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These results show that the product of the reaction yielded nearly 40 per cent. of | 
its weight of tribenzyl phosphine oxide, and contained some benzyl phosphinous acid.* 

Experiment 2.—This experiment was made chiefly with the view to ascertaining 
whether the reaction gives rise to a phosphonium salt in addition to the tertiary phosphine. 
2 grms. of the phosphine and 2 grms. of chloride of benzyl were heated to 160° C. for five 
or six hours. The tube then contained a syrupy liquid and some amorphous phosphorus. 
On opening it there was very decided pressure from phosphuretted hydrogen (proved 
by its action on nitrate of silver). The viscous liquid fumed powerfully from escape of 
hydrochloric acid, and on adding water all the phenomena described in Experiment 1 
were reproduced. After thorough oxidation the solid mass was boiled with water, and 
the solution on cooling gave the characteristic long needles of chloride of tetrabenzy] 
phosphonium. These, after repeated recrystallisation from water, had a. melting point 
of 228°°5 C.—exactly that of the pure chloride—and we estimated that over 1 grm. had 
been formed. 

The residue insoluble in water was extracted with potash, the solution filtered, and 
treated with hydrochloric acid, when no trace of dibenzyl phosphinic acid was precipitated. 
But on boiling the insoluble residue with alcohol plenty of tribenzyl phosphine oxide was 
obtained. 

The above experiments fully confirm the results of those which we made with benzyl 
iodide. They show that the action of the haloid derivatives of benzyl on the primary 
phosphine varies not only with the particular halogen present, but also with the conditions 
under which the action occurs. Thus, when benzyl iodide is employed at ordinary 
temperatures, the secondary phosphine is the chief product, while a considerable quantity 
of the tertiary phosphine is also formed, and only a small quantity of the phosphonium 
salt, but we suspect that at higher temperatures the proportions of these three products 
would not be the same. 

With benzyl chloride no action occurs at ordinary temperatures, but under the 
influence of heat a reaction takes place, the tertiary phosphine and the phosphonium 
chloride being formed, while if the temperature is high the phosphonium salt is the chief 
product, and no secondary phosphine is produced at all. 

Properties of Dibenzyl and Tribenzyl Phosphine.—Although we have not isolated 
the first of these in the pure state, and have only obtained the second in small quantities, 
we have so often examined a mixture of the two that we are enabled to state with 
probable correctness what their chief properties are. 

Dibenzyl Phosphine.—A liquid which cannot be distilled even a vacuo without 
considerable decomposition. This decomposition gives rise to the primary and tertiary 
bases, 


2(C,H,),HP =(C,H,)PH, + (C,H,),P 
Dibenzyl phosphine combines with hydriodic acid, and probably with other hydracids, 


* The rest of the product was evaporated down with aqueous potash, and also yielded oxide of tribenzyl phosphine 
in abundance, some benzyl phosphinous acid, but scarcely a trace of dibenzy] phosphinic acid. 
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forming solid crystalline compounds which are decomposed by water. It forms an 
amorphous (?) orange-coloured chloroplatinate. 

It probably oxidises in the air, and there is some reason for believing that it then 
gives rise to an oxide ©,,H,;PO (see p. 585). It certainly oxidises in contact with warm 
caustic potash solution and air, the product of its oxidation being then dibenzyl 
phosphinic acid, C,,H,,P0O,. 

It is readily soluble in ether and benzol, but is sparingly soluble in alcohol. | 

Tribenzyl Phosphine.—A solid crystalline substance of high boiling point. Possibly 
volatile in vacuo without decomposition or with only partial decomposition. It combines 
with hydracids, forming solid compounds which are decomposed by water. Its chloro- 
platinate is amorphous and buff-coloured. 

It oxidises in the air and fumes when warmed, spontaneous oxidation occurring very 
readily, the product being the oxide (C;H;);PO. It also combines energetically with 
sulphur and selenium to give colourless crystalline compounds, which are insoluble or 
very sparingly soluble in water, alcohol, ether, bisulphide of carbon, and chloroform, but 
are soluble in boiling glacial acetic acid, from which they may be crystallised. Both 
compounds decompose on exposure to light, and have the formule (C;H;),8 and (C,H,),Se, 
respectively. Tribenzyl phosphine combines energetically with benzyl iodide to give 
tetrabenzy! phosphonium iodide. 

We may mention that attempts have been made to obtain tribenzyl shiiehing by 
several other methods, but without success. Among them were— 

(1) The action of chloride of benzyl on phosphide of sodium.* 

(2) The action of benzyl alcohol on phosphonium iodide in a sealed tube. This 
action has also been studied by LADERMANS. +t Apparently only the phosphonium iodide 
is produced. 

(3) The action of sodium on a mixture of chloride of phosphorus and benzyl bromide. 
It was by a corresponding method that Micuar.ist{ obtained tripheny] phosphine. We 
found that no action occurred. 

(4) The action of sodium on tetrabenzyl phosphonium chloride.§ 

(5) The action of heat on chloride of tetrabenzyl phosphonium.|| 


CoMPOUNDS OF TETRABENZYL PHOSPHONIUM. 


Salts of tetrabenzyl phosphonium have been obtained by the following methods :— 

The chloride, (1) by the action of chloride of benzyl on phosphide of sodium (Lerts 
and CoLLiE).1 The method is an excellent one, being easily carried out, and giving a 
good yield of the compound. 

(2) It is also formed by the action of chloride of benzyl on the primary phosphine 


(p. 573). 


* Letts and CoLuig, these Transactions, xxx. part 1. + LEDERMANN, Berichte, xxi. (1888) 405a. 
MicHaxE.is, Berichte, xv. (1882) 8014. § Lerrs and loc. cit. || Lerts and loc. cit. 
7 Lerts and CoLtig, loc. cit., p. 181. 
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The iodide (1), by the action of phosphonium iodide on benzyl alcohol (LEDERMANN),* 

(2) By the union of tribenzyl phosphine with iodide of benzyl (p. 566). 

(3) In small quantities by the action of iodide of benzyl on the primary phosphine. 

The salts of the phosphonium are beautifully crystalline, and are readily obtained in a 
state of purity. All are soluble in alcohol and many in water; they are insoluble in 
ether. When heated they decompose as a rule, and in many cases give rise to perfectly 
definite products. 

Chloride (C;H;),PCl,2H,O.—Colourless salt crystallising from boiling water in long 
needles. It is sparingly soluble in cold water (100 c.c. of cold water dissolve about 
0°35 grms.) and almost insoluble in dilute hydrochloric acid or common salt solution 
(traces may be detected in an aqueous solution by adding these reagents). The dried 
salt dissolves readily in alcohol, and the solution on slow evaporation yields beautiful 
colourless rhombic crystals of considerable size, which are anhydrous. The dried salt also 
dissolves readily in chloroform, and on spontaneous evaporation large crystals are also 
obtained, which grow opaque in the air from loss of chloroform. The crystals thus 
obtained contain one molecule of ‘‘ chloroform of crystallisation.” The anhydrous salt fuses 
at 228°°5 (corr.). 

The chloride combines with chloride of platinum and some other metallic chlorides, 
giving insoluble or separately soluble compounds. | 

Chloroplatinate, 2(C,H,),PCl, PtCl, (Lerrs and CoLLtz).—Obtained in minute orange- 
coloured crystals by mixing alcoholic solutions of the two chlorides. Almost insoluble. 

Double Salt with Mercurie Chloride (LrpermMann)—(C,H;,),PCl,HgCl,,H,O.—In- 
soluble precipitate obtained like the chloroplatinate. 

Double Salt with Stannic Chloride,: 2(C,H;),PCI,SnCl, (LEpERMANN).—Sparingly 
soluble crystalline compound obtained like the preceding salts. 

Bromide, (C;H;),PBr, resembles the chloride, but is less soluble in water. It dissolves 
readily in alcohol, and crystallises from a mixture of alcohol and water in long silky 
needles. Melting point, 216°-217° C. (uncorrected). 

Iodide, (C,H,),PI, is almost insoluble in water, and only sparingly soluble in alcohol. 
From a hot alcoholic solution it crystallises in small rhombic crystals.t 

All the haloid salts appear to be decomposed completely when boiled with alkalies 
into the tertiary phosphine oxide and toluol, 


(C.H,),PX +MOH = MX +(C,H,),PO+C,H,. 
Acid Sulphate, (C;H,;),PHSO,, is most readily obtained by warming the chloride with 


oil of vitriol on a water-bath until hydrochloric acid ceases to come off, and then 
crystallising the product once or twice from boiling water. It is rather more soluble 
than the chloride, and crystallises in small rhombic or triclinic crystals. When boiled 


* LEDERMANN, Berichte, xxi. (1888) 405a. 
+ We are of opinion that when this compound is crystallised from alcohol, the crystals have the formula 
2(C,H,),PI,C,H,0. 
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with caustic baryta it is partly converted into the hydrate and partly into the tertiary 
phosphine oxide, and toluol, 


(1) (C,H,),PHSO, + Ba(OH),=(C,H,),POH + BaSO, + H,O | 
(2) (C,H,),PHSO,+Ba(OH),=(C,H,),PO +BaSO,+2H,0+C,H,. 
Treated with carbonate of barium, the hydrate only is obtained— 
(C,H,),PHSO, + BaCO, =(C,H,),POH + BaSO, + CO,. 


Normal Sulphate, {(C,H,),P},.SO,, 6H,0.—Obtained by decomposing a solution of 
the chloride with sulphate of silver. It crystallises from a hot concentrated solution in 
large rhombic plates. 

Nitrate, (C,H,),PNO;.—Long silky needles, soluble in water. 

Chromate, {(C,H,),P},CrO,?—-Obtained by double decomposition from the chloride 
and chromate of silver. Small lemon yellow plates. 

Acetate, (C,;H,),P(C,H;0,).—Very soluble in water. 

Chlorate, (C;H,),P(ClO;).—Crystallises in long needles from a moderately con- 
centrated solution. When heated it puffs. 

Picrate, (Lepermann).—Obtained by mixing alcoholic solu- 
tions of the iodide and picric acid ; the compound separating as the solution cooled in 
beautiful yellow crystals. 

Hydrate, (C,H,),P(OH).—Obtained best by the action of carbonate of barium on a 
solution of the acid sulphate. Very soluble even in cold water, and crystallises by slow 
evaporation in beautiful rhombohedral plates sometimes half an inch long. The crystals 
are transparent and highly refractive. The hydrate dissolves readily in alcohol, and the 
crystals obtained from the solution contain alcohol of crystallisation, their formula being 
(C,H,),P(OH),C,H,O. Solutions of the base have an alkaline reaction. They neutralise 
aeids with formation of salts of the phosphonium. When heated the hydrate decomposes 
into the tertiary oxide and toluol, 


(C,H,),POH =(C,H,),PO+C,H,. 


THe Propucts FORMED IN HorMaANn’s SEALED TuBE REACTION. 


In separating the benzyl phosphines from the products of Hormann’s sealed tube 
reaction we obtained a considerable number of bye products, among which were the 
following :-— 

_ (A). A crystalline substance precipitated on addition of hydrochloric acid to the potash 
solution which had been employed to extract the viscous mass containing tribenzyl 
phosphine, &c. 

(B). A crystalline substance which separated spontaneously from the aqueous solution 
obtained by treating the contents of the sealed tubes with water. 

(C). A crystalline zinc salt, also contained in the same aqueous solution. 


& 
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(D). A crystalline solid of low melting point remaining in the alcoholic mother-liquors : 
from which oxide of tribenzyl phosphine had crystallised out. (This substance we call 
“ Crystalline Oil”.) 

We obtained all of these bye products in our earlier experiments, in which after 
steaming the contents of the sealed tubes with water to liberate the primary phosphine, 
the residual viscous insoluble mass was boiled with aqueous potash. 

In our later investigations other bye products were obtained, but we shall first discuss 
the composition of the first three we have just enumerated. 

A. Crystalline Substance precipitated by Hydrochloric Acid from the Potash Solution 
used for extracting the viscous mass containing Tribenzyl Phosphine, &c.—This body 
was precipitated in crystalline flocks. It was very sparingly soluble in cold water, 
rather more so in hot water, and crystallised from a boiling aqueous solution in indistinct 
leaflets. That the substance had acid properties was proved by the readiness with which =~ 
it dissolved in potash and baryta solutions. A slight residue was, however, left in | 
both cases, and indeed an impurity appeared to be present which was extremely difficult 
to eliminate, as the following analyses show. 


Analysis. 
Obtained. 
A. Calculated for 
II. III. (C,H,),PO,H 
Carbon, 59°69 66°30 67°06 68°29 
Hydrogen,. 5°80 6:30 6:50 6:09 


(1) Crude product washed with water. 
(2) Precipitated from a solution of the crude product in baryta, and carefully washed. 
(3) Several times dissolved in baryta and reprecipitated by hydrochloric acid, then recrystallised from alcohol and water. 


The identity of the substance was, however, fully established by analyses of some of 
its salts. 

Barvum Salt.—Obtained by dissolving the crude product in baryta water, and 
subsequent precipitation of the excess of baryta by a stream of carbonic anhydride. 
The salt crystallised from the highly concentrated solution in tufts of thin plates. 


Analysis. 
Obtained. Calculated for 
= IL. 
Barium (in salt dried at 110), 222 21°8 21:8 


_ &ine Salt.—Obtained as a white amorphous precipitate on adding acetate of zinc to a 
solution of the barium salt. 


Analysis. 
y Obtained Calculated for 
{(C;H;)gPO,} 
Zinc, ; 11°7 


Silver Salt.—Obtained by adding a strong solution of nitrate of silver to a solution 
of the acid in alcohol, when the salt separated in thin colourless needles. 


é 

| 
- 
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Analysis. 
: culated for 
(C;H,),PO,Ag 

Silver, 30°1 30°6 


Subsequently we obtained dibenzyl phosphinic acid by other methods, and satisfied 
ourselves that it was identical with the substance in question. 

B. Solid Substance which separated spontaneously from the Aqueous Solution obtained 
by treating the contents of the Sealed Tubes with Water.—This body separated from the 
solution as a white powder stained brown by free iodine. On boiling with dilute spirit 
it dissolved, and the solution on cooling deposited thin colourless plates, which when 
dried had the lustre of mother-of-pearl. An analysis was not made, as the melting point 
(192° corr.) and other properties proved sufficiently that the substance was dibenzy] 
phosphinic acid. It may be mentioned that this body is also produced when chloride of 
benzyl and phosphonium iodide are heated alone in a sealed tube, the product of action 
being afterwards treated with water. 

C. Crystalline Zine Salt contained in the Aqueous Solution obtained by treating 
the contents of the Sealed Tubes with Water.—This salt was obtained as follows :—The 
aqueous solution filtered from B (dibenzyl phosphinic acid) was mixed with excess 
of acetate of lead (in order to precipitate hydriodic acid), then after filtering from 
iodide of lead saturated with sulphuretted hydrogen, again filtered and evaporated to 
small volume. When most of the acetic acid had volatilised a zinc salt crystallised out in 
small nodules. Determinations of zinc and water indicated that this salt was benzyl] 
phosphinate of zinc, but it was not obtained in sufficient quantity for further examina- 
tion. 3 


Analysis. 
Obtained. Calculated for (C,H,)PO,Zn,H,O 
Zinc, . 25°7 25°7 
Water, . A 69 71 


In a later series of experiments a different method of treatment was employed, with 
the object of obtaining all the bye products of the reaction. 

The contents of the sealed tubes were steamed with water as already described, and 
the aqueous solution decanted. The brown viscous mass remaining was then steamed a 
second time with water, and the solution decanted and mixed with the first. The 
viscous mass, now fairly:free from soluble zinc salts and hydracids, was repeatedly 
extracted with alcohol, when a considerable quantity was dissolved, leaving, however, 
a resinous mass coloured with red phosphorus. This latter was repeatedly boiled with 
baryta, and then extracted with chloroform, which dissolved a resin having a strong green 
fluorescence, and containing phosphorus. We have not succeeded in ascertaining its 
nature. The alcoholic extracts were thrown into a large volume of caustic baryta solution 
and boiled for a considerable time, and this treatment repeated with what remained 
undissolved. The resinous matter at first precipitated became crystalline during the 
ebullition, and eventually the crystals were found to consist of oxide of tribenzyl phos- 
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phine. The baryta extracts filtered off were mixed with those which had been employed in 
extracting the resin which was insoluble in alcohol, and the mixture deposited on cooling 
a small quantity of oxide of tribenzyl phosphine. This was filtered off, and excess of 
baryta removed from the solution by a current of carbonic anhydride. The filtered 
solution gave on concentration a considerable quantity of “crystalline oil,” which was 
filtered off. To the filtrate from this, hydrochloric acid was added, when an oily liquid 
was precipitated which rapidly solidified to a crystalline mass. The latter was recrys- 
tallised from alcohol, and was identified by its melting point (190° corr.), appearance, and 
by ax analysis of its barium salt as dibenzyl phosphinic acid. 


Analysis of Barium Salt. 
Obtained. Calculated for {(C;H,),PO,},Ba,8H,0 
Barium, 16°99 17°77 
Water, 18°58 18°67 


The mother-liquors from which the acid had been separated by hydrochloric acid were 
mixed with sulphuric acid, filtered from the precipitated sulphate of barium, and evaporated 
on a water-bath until all hydrochloric and hydriodic acid had volatilised. The residue was 
diluted, neutralised with chalk, filtered and evaporated to small bulk, when a sparingly 
soluble calcium salt separated in crystalline crusts. These, after being washed first with 
water and then with spirit, were dried at 110° and a determination of calcium made. 

Analysis. 

Obtained. Calculated for {(C,H;)HPO,},Ca 
11°42 

The properties of the acid from which the calcium salt was prepared, such as the 
production of the primary phosphine on heating, and the characteristic reaction with a 
copper salt, further identified it as benzyl phosphinous acid. 

D. A Crystalline Substance of low Melting Point (“Crystalline Ou”).—This 
substance was contained in the viscous mass which rémained after treating the product 
of the sealed tube reaction with aqueous caustic potash, or, if alcoholic potash is employed, 
it passes into solution. 

It dissolved sparingly in water, and separated out from a hot solution in oily drops, 
which eventually solidified. 

It was produced in only small quantity—the largest amount which we have ever 
obtained being about 9 grms. from the contents of twenty-four tubes, representing 

288 grms. of chloride of benzyl. 
The investigation of this substance has given us a great deal of trouble, and we are 
still uncertain as to its composition. The following analyses were made by one of us and 
W. WHEELER :*— 


(I.) Crude substance washed with ether. 


06922 CO, =0:18879 C =68'88 per cent. 
H,0=001833 H= 668 


* Proceedings, 1887, p. 82. 
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(II.) The crude substance was dissolved in boiling dilute baryta solution, the baryta 


was then precipitated by carbonic anhydride, and the substance obtained from the 
concentrated solution. 


08790 CO, =02397 C=71-45 per cent. 
03355 gave 1 99072 H,O=0:02302 H= 686 


(III.) The crude substance was recrystallised twice from water. 


0647 CO,=01764 C=71°30 per cent. 
02474 gave 1 01553 H,0=001795 H= 697 


(I[V.) Another specimen also recrystallised twice from water. 


11606 CO, =03165 C=71°73 per cent. 
H,O=002974 H= 674 


The next set of analyses were made by us after the investigation had been re-opened, 
and we were in possession of a fresh quantity of the substance. _ 

Its corrected melting point we now found to be 111°°0. 

(V.) The specimen was twice recrystallised, and melted at 111°°0-111°'1. 


08360 CO, =0'2280 C =72°47 per cent. 
{01988 H,O=0021366 H= 6°79 


(VI.) The specimen was obtained from the mercuric chloride compound (vide infra), 


by decomposing it with sulphuretted hydrogen. In the combustion, oxide of copper 
unmixed with chromate of lead was used. 


06727 CO, =0'183463 C = 73°67 per cent. 
02490 gave 0.1607 H,0=0017855 H= 7-17 


(VII.) The same specimen as was employed for No. V. analysis. The combustion 


was made with pure oxide of copper, and a phosphorus determination subsequently made 
(see p. 556). 

0°7826 CO, = 0°213436 C =73:16 per cent. 

01912H,O =0021244 H= 7:28 


02917 gave 
(01481 Mg,P,0, =0:041361 P =14:18 


(VIII.) A different specimen recrystallised four times, and of constant melting point 
111°°0. The analysis was performed in the same way as VII. 


08662 CO, =0236236 C =72°75 per cent. 


03247 gave ~02143H,0 =0023811H= 733 _, 

(0-1623 Mg,P,0, =0:045327 P =1395 
I. II. IV. VI. VIL. VIII. 
Carbon, . . 6888 71:45 71:30 7173 17247 7367 7275 
Hydrogen, 668 686 697 =. Oye... Fae 728 
Oxygen (by difference), me 538 5:97 


100°00 100°00 
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The substance had the following properties :— 

(1) When heated most of it appeared to volatilise unchanged, but at the same time a 
slight odour of the primary phosphine was noticed. 

(2) Chloride of platinum gave no sparingly soluble nor crystalline compound. 

(3) Bromine vapour liquefied it, while the addition of liquid bromine caused the 
disengagement of heat and escape of hydrobromic acid. | 

(4) Its aqueous solution when mixed with corrosive sublimate remained clear, but on 
warming the mixture a colourless amorphous precipitate was suddenly produced. 

(5) When iodide of cadmium was added to its hot aqueous solution oily drops separated 
out, and these gradually solidified, the resulting crystals being minute cubes or quadratic 
forms, very refractive to light. This compound was very sparingly soluble. 

(6) lodide of zine gave an oily precipitate, which refused to crystallise. 

(7) Stannic chloride and stannous chloride both gave white precipitates—probably con- 
sisting of minute oily drops. 

The iodide of cadmium compound was prepared several times, and analysed with the 
following results :— 

Analysis of Cadmium Iodide Compound. 


(I) 


03764 Agi =0'2034 I =31°5 per cent. 


(II.) A different specimen. 


09687 Ag] =05235 I =28°65 per cent. 
18367 gave | 02676 CdO=0-2341 Cd =1281 


08559 CO,=02334 CO, =4074 
101979 H,O=0:021989H = 384 ,, 


(III.) A different specimen recrystallised from water. 


required 29°8 AgNO,=0387846 I =29-12 per cent. 


12994 | 
gave 01783 CdO =0156012 Cd=1200 


(IV.) A different specimen. The substance was burnt with pure oxide of copper, and 
the phosphorus determined by molybdate, &c. 


0°497 gave 01471 Mg,P,O,=0041081 P=8:26 per cent. 

(V.) The same specimen as IV., the analysis being performed in the same way. 
03109 gave 00919 P=8'25 per cent. 

(VI.) The specimen was prepared from pure crystalline oil. 

08980 CO, =0:244909 C =40°75 per cent. 

02070 H,O=0230 H= 382, 


06845 AgI =0:369921 I =3095 
11950 gave 6.1550 


06010 gave 


| 
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07947 gave 01209 CdO=0:1057875 Cd=13:31 per cent. 


‘7340 » 01020 CdO=008925 Cd=12'15 
1°0631 » 06234 Agl =0336901 I =31°69 
I. II. III. IV. V. VI. 

Cadmium, . . . 123 1281 1200... ... 1184 1881 1215 
Oxygen (by difference), 


We had hoped that the analysis of the cadmium iodide compound would definitely 
settle the question of the composition of the crystalline oil, but such was unfortunately not 
the case, as we shall show presently in discussing the analytical results. As the quantity 
of crystalline oil at our disposal was very small, we were unable to study its properties 
exhaustively, and the difficulty of the investigation was thus increased. 

Eventually we decided to turn our attention to the corrosive sublimate compound 
which is very characteristic. It was easily obtained by mixing dilute aqueous solutions 
of the crystalline oil and corrosive sublimate and warming the mixture, when a bulky 
amorphous precipitate was produced, which had a faint blue tinge. This, when washed 
and dried, formed a light powder, which was extraordinarily electric. The compound was 
twice prepared and analysed, with the following results :-— | 


Analysis. 
(1) 08605 gave AgCl =007953 Cl= 924, 
02387 Hg = 44°54 per cent. 
(2) 05359 gave Cl (volumetrically)= 702 


The ratio of mercury to chlorine is in both cases Hg : Cl, for— 


(1) 200 : 35°5 :: 51:09 : 9°07 
(2) 200 : 35:5 :: 4454 : 7:90 


The mercury and chlorine were thus shown to be present as calomel, proving that 
part at least of the compound had been decomposed and probably oxidised. 

As the mercury compound employed in the two analyses were different preparations, 
it is evident that its composition is not constant, and in all probability it consists of 
calomel containing varying quantities of the original substance ; for, on decomposing some 
of it with sulphuretted hydrogen and concentrating the filtered solution, oily drops 
separated like the original body, and these gradually crystallised in its characteristic 
manner, and on analysis were found to contain the same proportions of carbon and 
hydrogen as the crystalline oil (No. VI. determination). The product of oxidation was 
easily found and identified in the mother-liquors of the calomel compound ; for, on con- 
centration and cooling, they deposited crystalline scales having the appearance of dibenzy] 
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phosphinic acid. To obtain them as pure as possible, they were dissolved up by warming, 
and a current of sulphuretted hydrogen passed through the solution until the whole of 
the mercury was precipitated. On filtering the hot solution and allowing it to cool the 
scaly crystalline compound again came down, and a little more of it was obtained on 
evaporating its mother-liquors. The whole was then recrystallised from water, in which 
it was very sparingly soluble. 

It was identified as dibenzyl phosphinic acid by its melting point 193° (that of 
the pure acid being 192° C.), by its solubility relations, by its crystalline form, and 
also, though not very satisfactorily, owing to the small quantity at our disposal, by a 
combustion. 


Analysis. 
01477 H,O=0016411 H= 6:19 per cent. 
02647 gave 06507 CO,=0177463 C=6704__, 
Obtained. Calculated for (C,H,),HPO, 
Carbon, 67°04 68°29 


We have been unable to go any further with our investigations, as the whole stock of 
crystalline oil at our disposal became exhausted, and, as we have before stated, we are 
still in doubt as to its composition. 

That it is an oxidised derivative is shown by the deficiency which remains when the 
percentages of the constituents both of it and of its cadmium iodide compound (which were 
actually determined) are added together. 

There can also be no doubt that it gives rise to dibenzyl phosphinic acid when 
oxidised, and therefore in all probability it contains the element of dibenzyl phos- 

phine. 
: It will be noticed that of the eight analyses made of the crystalline oil itself, Nos. IT., 
III., and IV. agree fairly well with each other, but differ from Nos. V., VI., VII., and 
VIII., which also agree (though not so closely) with each other. Thus— 


Mean of IT., III., and IV. Mean of V., VI., VIL, and VIII. 
Carbon, 71°50 73°01 
Hydrogen, 6°87 714 


The first set of analyses agree with the formula C,;H,,P0, so far as the percentage amounts 
of carbon and hydrogen are concerned, while the second set agree in asimilar manner with 
_C,sH,,PO. The percentage amount of phosphorus, however, from Nos, VII. and VIII. 
agrees with the first formula. Thus— 


Obtained. Calculated for 
C,,H,,PO0 C,,H,;PO 
Carbon, 71°50 73°42 71°56 73°30 
Hydrogen,. . 6°87 7°23 6°88 6:97 
Phosphorus, 1406 14°42 12°70 
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The mean results of the whole of the analyses are as follows :— 


Carbon, . ; 73°36 
Phosphorus, . 1406 


And the atomic ratios, taking the percentage of phosphorus as representing one atom 


of that element— 
CO 


Next as regards the analysis of the cadmium iodide compound. It will be seen that 
the percentages of cadmium and iodine vary to a considerable extent in the different 
determinations. This must be attributed to the analytical difficulties we experienced in 
separating the two substances from such a complex body. On the other hand, the two 
phosphorus determinations and the two combustions agree with each other exceedingly 
well. The mean results are as follows :— 


Cadmium, . 12°32 
Carbon, ‘ 40°74 
Phosphorus, . 8°25 
Oxygen (by difference), . 448 

100°00 


and the atomic ratios, taking 1 the percentage of phosphorus as representing 1 atom of 


that element, 


Thus the calculated atomic ratios of the crystalline oil and of the cadmium iodide 
compound are not very different, and so far the comparison is satisfactory. But, on the 
other hand, if we compare the percentage numbers obtained with those required for a 


cadmium iodide —" of either C,,H,,;PO or C,,H,,PO, a total discordance is seen. 
Thus— 


Calculated for 
(C,;H,,PO) Cdl, (C,,H,,PO),Cdl, 
Cadmium, 131 
Carbon, . 38°90 
Hydrogen, 3°70 3°9 
Phosphorus, . 773 726 


In fact, no formula can be devised which will agree exactly with the analytical results 
obtained with both the crystalline oil and its cadmium iodide compound. The numbers, 


however, calculated for the formula C,H,,PO approximate pretty closely to those 
obtained. 
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Thus— 
Calculated for 
C,,H,,PO (C,,H,,PO),Cdl, 
Iodine, . 30°85 
Carbon, . 73:04 40°68 
Hydrogen, 6°52 3°63 


This would be the formula of an oxide of dibenzyl phosphine, 
C,H 
P=0, 


a substance which would probably not have acid properties, and which would easily be 
oxidised to dibenzyl phosphinic acid. 

We may mention that quite accidentally we discovered that when the high boiling 
residues obtained in fractionating the primary phosphine are allowed to oxidise spon- 
taneously, the crystalline oil is produced; and as we have shown that the secondary 
phosphine is formed in the sealed tube reaction, we think it quite possible that the 
crystalline oil is its oxide. 

No such body has been obtained hitherto, but then the products of the spontaneous 
oxidation of secondary phosphines have scarcely if at all been atin scsusd The point is 
one of some interest, and we intend to submit it to enquiry. 

E. “ Insoluble Crystalline Body.” —We obtained this substance in some of our later 
experiments. It remained undissolved when the oily mass containing the secondary and 
tertiary phosphine was treated with ether, accompanied by oxide of tribenzyl phosphine. 
It was separated from this latter body by boiling with alcohol, in which it was 
insoluble. 

We also found it in the ethereal solution of the phosphines, from which it was slowly 
deposited spontaneously. 

It was insoluble in water, alcohol, and ether, but sparingly soluble in boiling glacial 
acetic acid, from which it was deposited on cvoling in colourless needles of characteristic 
crooked form. Twice recrystallised from acetic acid, its corrected melting point was 
found to be 276°-277°. Two analyses were made, one a combustion with oxide of copper 
and chromate of lead, the other a combustion with pure oxide of copper, in order to 
determine the phosphorus as well as carbon and hydrogen. 

Analysis. 


(1) Combustion with oxide of copper and chromate of lead. 


06355 CO,=0'173318 C=75'75 per cent. 


02288 gave) 9.1360 H,O=0015111 H= 660 


| 

F 
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(2) Combustion with pure oxide of copper. 
10432 CO, =0-284509 C=75-28 per cent. 


03779 02358 H,O =0025088 H= 663, 
01277 Mg,P,O, =0:0356639 P= 943 __,, 


Obtained. 
Calculated for (C,H,),PO, 
Carbon, . . 75°28 15°15 75-00 
Hydrogen, . 663 6°60 6°25 
Phosphorus,. 9°43 9°22 


It is very singular that this substance has the same melting point as sulphide of 
tribenzyl phosphine, and precisely the same solubility relations. The percentage amounts 
of carbon, hydrogen, and phosphorus are also identical. Its crystalline habit is, however, 
different, and we were unable to detect any sulphur in it, whereas by the test we 
employed (ignition with caustic potash and chlorate of potash) we readily found the 
sulphur in a specimen of the sulphide. 

We had not sufficient of the substance to study its properties exhaustively, but we 
ascertained that it readily yielded oxide of tribenzyl phosphine. This we accomplished 
by dissolving it in hot acetic acid, and adding bromine, in excess, when the characteristic 
compound of the oxide separated, which was identified by analysis. 


Analysis. 
0°6789 required 22°3 AgNO,=01784 Br=26-27 per cent. 
Mean of ten Determinations of 
Obtained. the Bromine Compound of 
Tribenzyl Phosphine Oxide. 


A quantity of the brominated body was boiled with caustic soda solution, and the 
product, after washing, recrystallised. Its melting point was now found to be 215°-215°°5 
—exactly that of the oxide, and it had its crystalline form. 

It is very improbable that a tertiary phosphine peroxide could be formed under the 
conditions in which the substance in question was produced, and as yet no such body 
has been described. But it seems equally improbable, from the properties of the sub- 
stance, that it is the isomer, viz., dibenzyl phosphinate of benzyl, 


We therefore remain in doubt as to its nature. 


We have thus separated from the products of Hormann’s sealed tube reaction the 
following ten bodies (or have proved them to be present) :— 


CH’ 
CH, / = 
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(1) Monobenzyl phosphine, (C,H,)H,P 

(2) Benzyl phosphinous acid, (C,H,)H,PO, 
(3) Benzyl phosphinic acid, (C,H,)H,PO, 
(4) Dibenzyl phosphine, . (C,;H,),HP 

(5) Dibenzyl phosphine oxide (?), oil (C,H,).H PO(?) 
(6) Dibenzyl phosphinic acid, (C,H,),HPO, 
(7) Tribenzyl phosphine, . (C,H,),P 

(8) Tribenzyl phosphine oxide, . .  (C,H;),PO 

(9) (Insoluble crystalline body”), (C,H,);P0,(?) 


(10) A resin containing phosphorus, iniubiibie i in shvobicl and ether, but soluble in 
chloroform. 


It is not possible for us to say how many of these different substances exist as such in 
the original product of the sealed tube reaction, and how many are formed in the 
subsequent treatment to which it is subjected. 

The three phosphines no doubt exist in the original product as hydriodates or 
hydrochlorates combined with chloride or iodide of zinc, and we think that their produc- 
tion is of great interest, for hitherto only primary and secondary phosphines have been 
obtained when an alkyl iodide, oxide of zinc, and phosphonium iodide are heated together 
under pressure ; whereas we prove that, when chloride of benzyl is substituted for an 
alkyl iodide, the tertiary phosphine is formed also. 

It is well-nigh impossible for us to say definitely whether the quaternary compound is 
formed as well, for it would certainly combine with chloride or iodide of zinc, and would 
be very troublesome to separate from these substances. But the occurrence of oxide of 
tribenzyl phosphine, after the product of the sealed tube reaction had been steamed and 
treated with potash in a hydrogen atmosphere, is, in our opinion, almost conclusive proof 
that tetrabenzyl phosphonium was orignally present, and had been decomposed by the 
alkali, 

(C,H,),PI+KHO =(C,H,),PO+C,H,+ KI, 
a reaction which occurs with the greatest ease when the two substances are boiled to- 
gether in aqueous or alcoholic solution. How otherwise could the oxide be produced in 
quantities so large as those we observed ? 

If we assume that all four phosphorised derivatives are produced, the reaction 
becomes analogous to that which occurs when a haloid compound of a hydrocarbon 
radical is treated with ammonia, the only difference being that hydracid (hydrochloric) 
is liberated in the case of phosphuretted hydrogen, and is found in the gases contained 
in the sealed tubes. 

Whether the substitution of an alkyl chloride for an iodide is the cause of the pro- 
duction of a tertiary and (probably) quaternary compound in addition to the primary 
and secondary phosphines, or whether benzyl behaves differently in Hormann’s reaction 
from other alkyl radicals, we have not as yet decided. There can, however, be very little 
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doubt that Hormann’s experiments in the ethyl and methyl series prove conclusively, 
that a tertiary phosphine is not formed when their iodides are employed. 

As regards the other substances isolated from the sealed tube reaction, which consist 
chiefly of the products of the oxidation of the benzyl phosphines, we think it probable 
that benzyl phosphinous acid and benzyl phosphinic acid were produced by the oxida- 
tion of the primary phosphine by the air, for it was impossible to prevent the intro- 
duction of some air while steaming out the contents of the sealed tubes. The same 
remark might apply to the “ crystalline oil” and to the dibenzyl phosphinic acid, formed 
in @ similar manner from dibenzyl phosphine. But, of course, it is also perfectly 
possible that all three acids and the crystalline oil were produced by some complicated 
interaction with oxide of zinc—and this is very likely to be the case with (some at least 
of) the dibenzyl phosphinic acid, as it was found in the aqueous solution of the product, 
before it had been boiled with potash to liberate the secondary and tertiary phosphine. 

In conclusion, we have only to add that this research has extended over a very long 


period, and has envolved an expenditure of time, energy, and material probably quite 
out of proportion to its value. 
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PART I1.—THE ACTION OF ALCOHOLS ON A MIXTURE OF PHOSPHORUS 
AND ITS IODIDE. 


The methods which have as yet been discovered for the preparation of the phosphines 
and their derivatives are, as a rule, very tedious, troublesome, and unsatisfactory in point 
of yield,—a fact which no doubt has considerably retarded the investigation of this 
interesting group of organic compounds, and which soon becomes unpleasantly apparent 
to any one who makes them a study. 

To the best of our belief the following are the only methods of any importance :— 


(1) Action of the Haloid Derivatives of Hydrocarbon Radicals on Metallic Phosphides. 
—It was by this reaction that PauL THENARD®* discovered the first members of the 
phosphine group in 1843-1847. He experimented with chloride of methyl and phos- 
phide of calcium, the investigation being attended with considerable difficulties, owing to 
the labour involved in separating the different products and in obtaining them in a pure 
state; also on account of their poisonous properties and their explosive and inflammable 
nature. 

In spite, however, of these difficulties, THENARD apparently isolated trimethyl phos- 
phine, a substance analogous to kakodyle, (CH;),P,, and methylated solid phosphide of 
hydrogen (CH;),P, The latter he described as an inert solid body, the second as a 
spontaneously inflammable liquid, boiling at 250°C.—very explosive, poisonous, and 
unstable. | 

THENARD recognised the relationship of trimethyl phosphine to ammonia, and 
predicted the existence of the then undiscovered organic compounds of nitrogen and 
antimony. 

Wurtz in 1848, and Hormann in 1850, verified THENaRD’s prediction by discovering 
the compound ammonias ; and Lewie and ScHWEITZER a little later obtained stibethyl. 

In 1855 Hormann and Canourst investigated the action of iodide of methyl on 
phosphide of sodium, and obtained, in addition to trimethyl phosphine and the phos- 
phorised kakodyle of THENARD, iodide of tetramethyl phosphonium. They found that 
the reaction was very energetic when iodide of methyl and phosphide of sodium were 
heated together, and that inflammable and explosive substances were formed, rendering 
the method dangerous, and exposing, as they said, the fruits of their labour to loss. 
Moreover, it was unreliable, and furnished mixtures the separation of which presented 
enormous difficulties. 

Berk { about the same time obtained triethyl phosphine by the action of phosphide 
of sodium on iodide of ethyl, the former substance being prepared by heating sodium 
and phosphorus together in rock oil. Iodide of ethyl only acted upon this at a high 
temperature, and only very small quantities of the phosphine were produced. 


* Comptes Rendus, xxi. p. 144, and xxv. p. 892. 
+ Hormann and Canours, Phil. Trans., 1857; and Ann. de Chim. et de Phys. (8), lxi. p. 5. 
Berta, Jour. Prac. Chem., lxvi. p. 73. 
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BERLE next attempted * to prepare the tertiary phosphine by heating sodium, phos- 
phorus, and iodide of ethyl together in a sealed tube, but although a reaction occurred, he 
does not appear to have obtained any very satisfactory results. 

Canourst in 1859 prepared iodide of tetrethyl phosphonium by the action of iodide 
of ethyl on crystallised phosphide of zinc (obtained by heating the metal in phosphorus 
vapour at 180° C.). 

In 1882 one of us and N. Cot.ie tf investigated the action of benzyl chloride on phos- 
phide of sodium. The latter substance was obtained with perfect ease and safety by 
acting upon sodium with phosphorus under the surface of dry xylol. The two bodies 
(chloride of benzyl and the metallic phosphide) react readily when they are heated 
together, and chloride of tetrabenzyl phosphonium is produced in abundance. Experiments 
were also commenced with the haloid derivatives of some other hydrocarbons, but were 
not completed. The results obtained were on the whole satisfactory, and no doubt this 
method for producing tertiary and quaternary phosphorus derivatives will find a more 
extended application in the future. 

(2) Action of Organo-Metallic Bodies on Trichloride of Phosphorus.—The action of 
zinc alkyls on trichloride of phosphorus was first investigated by Hormann and 
Canours,§ and was further studied by Hormann alone.|| It is in a sense the 
reverse of the action of a metallic phosphide on a haloid ether, but resembles it in 
that the action in both cases is determined by the attraction of halogen for metal. By 
this method tertiary phosphines are exclusively formed— 


3R,Zn+2PCl,=2R,P +3ZnCl,. 


It is necessary to treat the product of the reaction with caustic potash, in order to 
decompose the compound of phosphine and chloride of zinc and to liberate the former. 
By its means Hormann and Canours obtained trimethyl and triethyl phosphine, and 
submitted them to an exhaustive examination. They showed that tertiary phosphines 
resemble the corresponding amines in many respects, especially in the readiness with 
which they combine with the iodides of hydrocarbon radicals to give quaternary com- 
pounds. On the other hand, they proved that, unlike the amines, tertiary phosphines 
readily combine with oxygen to give very stable compounds of the general formula R,PO. 

(3) Action of Alcohols on Phosphoniwm Iodide; and (4) Action of Alkyl Iodides on 
Phosphonium Iodide and Oxide of Zinc (HormMann’s methods).—In the year 1871, 
seventeen years after his experiments with Canours, Hormann again took up 
_ the study of the phosphines, and succeeded in discovering a simple method not only for 
obtaining the tertiary and quaternary compounds, but also the primary and secondary 
bases,—substances which had not been previously obtained, and whose investigation 

* Berk, Comp. Rend., xlix. 
+ Canours, Comp. Rend., xlix. p. 87 ; and Jahresbericht, 1859, p. 430. 
} Lerrs and Coxe, these Transactions, xxx. part 1, p. 181. 


§ Hormann and Canours, Ann. de Chim. et de Phys. (3), li. 
|| Hormann, Jbid., lxii., lxiii., 
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led to very interesting and important results. In searching for some general method 
for obtaining the phosphines, HorMANN was influenced by his well-known and beautiful 
researches on the preparation of the compound ammonias. ‘“ The question arose,” he 
says,* “should not the series of phosphines be capable of production by a general reaction 
similar to that which had yielded me the compound ammonias twenty years ago? For 
that purpose it was necessary to allow phosphuretted hydrogen to react upon alcohol 
iodides under suitable conditions.” 

In his first experiments in this direction, HorMann heated iodide of phosphonium in a 
sealed tube, in which was also placed a narrower tube containing iodide of ethyl and a 
little water. The sealed tube thus charged was heated in a horizontal position for several 
hours to a temperature ra. ging from 160°-180° C., when a reaction occurred in the desired 
manner, triethyl phosphine and tetrethyl phosphonium iodide resulting. The yield, how- 
ever, was very small, owing to the large quantity of hydriodic acid set free. To avoid 
this, HorMANN took advantage of the fact that phosphonium iodide when heated with 
alcohol yields phosphuretted hydrogen, iodide of ethyl, and water. Accordingly, he next 
charged the sealed tubes simply with alcohol and phosphonium iodide. When this 
mixture was heated for eight hours at 180°C., the reaction was complete. The cooled 
tubes were found to be full of a snow-white crystalline mass, and on opening them scarcely 
a trace of gas escaped. On'‘adding water, the solid dissolved to a homogeneous liquid, 
showing that no iodide of ethyl remained, neither was any alcohol left undecomposed. 
The crystals showed themselves to consist of a mixture in nearly equal parts, of triethyl 
phosphine hydriodate, and tetrethyl phosphonium iodide. Their separation presented no 
difficulty, for on addition of caustic soda, triethyl phosphine separated as a clear liquid, 
while the solution gave on evaporation beautiful crystals of tetrethyl phosphonium iodide. 

As regards the most favourable proportions of iodide of phosphonium and alcohol 
(which are of great importance), Hormann found that one molecular weight of the former 
should be taken for three molecular weights of the latter. “In this case,” he says, “the 
quantities heated in the tubes can be increased in an extraordinary manner without fear 
of explosions. In one experiment there was placed in a single tube 25 grms. of phos- 
phonium iodide and 22 grms. of alcohol.” 

HorMANN next investigated the course of the reaction, to decide whether iodide of 
ethyl was first formed and was then acted upon by the phosphuretted hydrogen, or 
whether the alcohol and phosphonium iodide acted upon each other directly— 


(1) PH,I+30,H,0=(C,H,),PHI+3H,0 
(2) PH,1I+4C,H,O=(C,H,),PI +4H,0. 


_ To decide this question the tubes were heated for four hours only. On cooling, two 
layers of liquid were visible. The tubes when opened showed great pressure, and on 
distilling their contents iodide of ethyl passed over in abundance. It may be taken for 
granted then that the reaction occurs in two phases, in the first of which iodide of ethyl 


* Hormann, Berichte, iv. (1871) 205. 
VOL, XXXV. PART II. (NO. 35). dC 
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is liberated, which then acts upon phosphuretted hydrogen in the same way as it acts 
upon ammonia. Hormann had thus discovered a simple and elegant general reaction 
for the preparation of tertiary and quaternary compounds, which he employed successfully 
in the methyl,* ethyl,t propyl,t butyl,§ and amy]l|| series. 

But the primary and secondary bases were still wanting, though the possibility of 
their existence could scarcely be doubted in view of the well-established analogies exist- 
ing between the derivatives of ammonia and phosphuretted hydrogen. Hormann there- 
fore again took up the matter, and began a new series of investigations which led to 
brilliant results. | 

The direction of these new experiments was, as he says, clearly indicated, for as both 
the tertiary and quaternary derivatives are obtained by direct substitution from phos- 
phuretted hydrogen, so also ought the primary and secondary bases to be produced. For 
if three and four molecules respectively of the alcohol can be made to react upon one 


molecule of phosphonium iodide, one and two molecules ought also to react in a similar 
manner under suitable conditions— 


(1) PHI+C,H,O =(C,H,)PH,.HI+H,0. 
(2) PH,I+2C,H,O=(C,H,),PH.HI+2H,0. 


Hormann 1 therefore sought to achieve the desired object by altering the proportions 
of phosphonium iodide and alcohol, but without success, the tertiary base being alone 
produced, or a mixture of the tertiary and quaternary compounds; while, with the 
proportions required for the second of the above equations, the tubes invariably exploded. 

In the meantime Drecusex and FinKensTEIN ** believed that they had succeeded in 
obtaining the primary bases of the ethyl and methyl series by saturating the iodides of 
those radicals with phosphuretted hydrogen, and allowing the solutions to remain for 
some time at ordinary temperatures or by heating them to 100°C. Under these 
conditions a crystalline body was obtained, which was not phosphonium iodide, as it 
dissolved in water without evolution of gas, and which they therefore concluded to be 
the hydriodate of the primary base. ~ 

Also, by heating an ethereal solution of iodide of zinc saturated with phosphuretted 
hydrogen, with iodide of methyl, they believed that they had obtained the same 
substance. 


HorMann tt repeated these experiments, and showed that the primary bases were not 
formed at all, whereas the tertiary and quaternary derivatives were. 

The idea then occurred to him of heating the alkyl iodide with iodide of phosphonium 
in presence of a metallic oxide, with the happiest results; for on heating a mixture of 
phosphonium iodide, ethyl iodide, and oxide of zinc, in the proportions of two molecules 
of each of the former to one molecule of the latter in sealed tubes at 150°C. for from six to 


* Hormann, Berichte, iv. (1871) p. 209. + Hormann, Berichte, iv. (1871) p. 205. 
t Ibid., Berichte, vi. (1873) p. 292. § Ibid., Berichte, vi. (1873) p. 296. 
|| Ibid., Berichte, vi. (1873) p. 297. I Ibid., Berichte, iv. (1871) p. 372. 


** DRECHSEL and FINKENSTEIN, Berichte, iv. (1871) p. 352. tt Hormann Berichte, iv. (1871) p. 372. 
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eight hours, a complete reaction occurred, the tubes when cold containing a crystalline mass 
consisting exclusively of the hydriodates of the primary and secondary bases, the former 
being the chief product, while the latter was only formed in small quantities. The 
separation of the two was accomplished in the simplest manner possible, the addition of 
water to the product of reaction liberating the primary phosphine alone, which was dis- 
tilled off in a hydrogen atmosphere, while the secondary phosphine was subsequently set 
at liberty by the action of an alkali. 

Thus Hormann discovered for the first time a general method for preparing primary 
and secondary phosphines, the reaction being exactly complementary to that by which 
he had obtained the tertiary and quaternary compounds; like it the method was 
distinguished by its simplicity and the readiness with which it may be carried out. 

By its means he prepared methyl,* ethyl,+ propyl,t butyl,§ amyl,|| and benzyl 4 
phosphines. 

(5) Michaelis’ Methods.—Hormann’s methods, although of excellent service for 
obtaining the phosphines of those radicals which form alcohols, could not be employed 
in the preparation of phosphines containing purely aromatic radicals. He in vain 
endeavoured to obtain phenyl phosphines,** but neither by the action of chlorobenzol 
on phosphonium iodide, nor by heating a mixture of phenol and phosphonium iodide, 
was a trace of those substances produced, and he was equally unsuccessful in his 
attempts to prepare tolyl phosphines. 

MIcHAELIs, on the other hand, by approaching the question from an entirely different 

direction, not only succeeded in obtaining all the phenyl phosphines, but also in discover- 

ing a fairly general method for the production of primary phosphines. The substance 
- forming the starting-point for the preparation of phosphines by these methods is trichloride 
of phosphorus. One atom of chlorine is first replaced in that body by one or other of 
the following processes :— 

(1) The mixed vapours of a hydrocarbon and the trichloride are repeatedly passed’ 


through a red hot tube. Thus, when benzol is employed, “phospheny!” chloride is 
obtained— 
PCI, +C,H,=(C,H,)PCl,+ HCl. 


(2) A mercury ether is heated with the trichloride under pressure. Thus, when 


mercury ethyl is employed, ethyl-phosphorus chloride is obtained together with ethyl 


chloride of mercury— 
PCI, +(C,H,),Hg = (C,H,)PCl, + Hg(C,H,)Cl. 


(3) By digesting a hydrocarbon with the trichloride and aluminum chloride, the 
reaction being the same as 1. Other substances besides hydrocarbons yield substituted 
phosphorus chlorides when submitted to this reaction. Thus a mixture of acetone, 


+ HoFrMmann, Berichte, iv. (1871) p. 430. + Hormann, Ibid., iv. (1871) p. 605. 
t Ibid., vi. (1873) p. 292. § Ibid., vi. (1873) p. 296. 
|| Ibid., vi. (1873) p. 297. { Ibid., v. (1872) p. 100. . 


** Ibid., Berichte, v. (1872) p. 100. 
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phosphorus trichloride, and aluminum chloride react spontaneously, the reaction 
proceeding according to the equation— 


2(CH,),CO + PCI, = 2HCl+(CH,—CO—CH,),PCI. 


By means of these different reactions MicHarLiIs and his pupils have obtained a 


considerable number of substituted phosphorus-chlorides, among which are— 
Phenyl * phosphorus-chloride by methods 1, 2, and 3. 
Tolyl + ” 
Xylyl} 
Ethyl § 


Propy] § 
Naphthy| || 
Acetonyl 1 
The substituted chlorides resemble trichloride of phosphorus itself, not only in 
composition, but also in properties. As a rule they are fuming liquids, combining readily 
with chlorine to give solid compounds analogous to pentachloride of phosphorus; treated 


with water they yield phosphinous acids. Thus phenyl phosphorus chloride gives phenyl 
phosphinous acid— 


(C,H,)PCl, + 

While the products of addition which they form with chlorine react with water to 

Having obtained the substituted chlorides, MicHAELIs sought for some method for con- 
verting them into the corresponding primary phosphines, but the reduction proved to be 
more difficult than he anticipated. In his first experiments (with phenyl phosphorus 
chloride) he endeavoured to accomplish it by means of nascent hydrogen (evolved by the | 
action of hydrochloric acid on zinc dust, and also by that of glacial acetic acid on zinc or 
on sodium amalgam). In these experiments only a trifling reduction occurred, mere 
traces of the primary phosphine being formed. 

He next studied the action of hydriodic acid on the chloride, and found that when 
the gaseous hydracid was passed into the chloride, chlorine was gradually replaced by 
iodine and the resulting iodide combined with hydriodic acid, thus— 

C,H,PCl,+3HI1 = 0,H,PI,H1+2HC1. 

From this iodide MicHar.is obtained phenyl phosphine by a similar reaction to that 
which gives rise to phosphuretted hydrogen from iodide of phosphorus, only instead of 
employing water for its decomposition alcohol was used. He gives the following equation 
as representing the reaction which occurs— 

In later experiments he abandoned this method and employed a much simpler one, 


* Berichte, vi. (1873) 601 ; viii. (1875) 922 ; xii. (1879) 1009. + Berichte, xiii. (1880) 653. 
t Annalen, 212, pp. 203 and 209. § Ibid., xiii. (1880) 2174. 
|| Berichte, ix. (1876) 1051. 4 Ibid., xvii. (1884) 1273. 
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namely, the destructive distillation of the phosphinous acid (which, as already stated, is pro- 

duced by the action of water or alcohol on the substituted chloride * ). The phosphinous 

acid decomposes in an analogous manner to phosphorous acid when heated, the products 

of the reaction being the corresponding phosphinic acid and the primary phosphine— 
30,H,PO,H,=C,H,PH, +2C,H,PO,H, . 


The following details illustrate the application of this method to the preparation of 
phenyl! phosphine :— 

100 grms. of the crude phenyl phosphorus chloride are gradually mixed with excess 
of aleohol and the mixture filtered. The excess of alcohol, &c., is then distilled off in a 
current of carbonic anhydride and the syrupy residue placed in a distilling flask (through 
which a current of carbonic anhydride is passed), and heated over the naked flame. At 
first a little alcohol distils, then at 250° phenyl phosphine passes over. The flame may 
be removed when once the reaction has commenced, as it continues by itself. 14 grms, 
of the pure phosphine, or 60 per cent. of the theoretical yield, may be thus obtained. 

From phenyl phosphorus chloride MicHAkLis obtained diphenyl phosphine by the 
following reactions :— 

(1) The chloride is digested with mercury diphenyl at 200°, when diphenyl phos- 
phorus chloride results t— 


(C,H,)PCl, + HgCl(C,H,) ; 
or it is heated for some time at a temperature of 280° C., when the following reaction 
occurs— 
2(C,H,,)PCl, = (C,H;),PC1+ PCI, . 
(2) Diphenyl phosphorus chloride, when heated with water or dilute soda solution, 
decomposes in the following manner : {— 


2(C,H,),PCl+2H,0 =(C,H,),PH +(C,H,),HPO,+2HCI. 
He also obtained the tertiary base: at first by acting upon a mixture of phenyl phos- 
phorus chloride and bromide of phenyl with sodium {— 


(C,H, )PCl, + 
but later this method was modified in a remarkable manner by substituting for phenyl 
phosphorus chloride, phosphorus chloride alone, the reaction occurring quite easily and 
very energetically at ordinary temperatures, according to the equation— 


+3(C,H,)Br+6Na=3NaCl+3NaBr+(C,H,),P. 


* By modifying the conditions of the experiment a totally different reaction may be made to occur. The 
_ phosphinous acid is obtained by adding the chloride to excess of water ; whereas by employing an insufficient quantity, 
there are produced in addition phenyl phosphinic acid, diphenyl phosphinic acid, and a solid compound of phenyl, 


hydrogen, and phosphorus, (C,H,)HP, (phenylated solid phosphide of hydrogen). MuicHag.is gives the following 
equations :— 


(1) (C,H,)PCl,+2H,0 =(C,H,)PH,0,4+2HC!. 

(2) 

(3) 5(C,H,)PO=(C,H,),P,0,+ P,+C,H,P0,. 

(4) H,)P,H+30,H, PO, = (C,H,),P,0,H + C,H,PO, . 
+ Berichte, viii. 1304. t MicHaxg.is and GLEICHMANN, Berichte, xv. (1882) p. 801. 
§ and Ibid., p. 820. 
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A perusal of the preceding sketch of the different methods hitherto discovered for 
the preparation of the phosphines will be sufficient to convince any one that to obtain 
these bodies in quantity is no easy task, for in nearly every case operations are 
involved which demand considerable expenditure of time and material, and frequently 
the yield of product is small. 

One of us had for a long time sought for some easier and more direct method than 
any of those mentioned, and had made many attempts with that object in view in 
different directions, but without success. | 

At last the idea presented itself that the germ of a new process for obtaining phosphines 
ought to exist in the well-known and ordinary method for preparing phosphonium iodide. 

In this reaction, as every one knows, water is allowed to act upon a mixture of 
phosphorus and its iodide, when iodide of phosphonium is obtained on the one hand, 
while phosphoric and phosphorous acids are produced on the other. 

Now, it seemed not unreasonable to suppose that analogous reactions would occur, if 
instead of water an alcohol were used, and if this were the case a new and simple process 
for obiuining phosphines would be at hand. 

Our first experiments to test the truth of this surmise have been made with benzyl 
alcohol, and the results have been unexpectedly gratifying, for not only does the reaction 
occur with the greatest ease, but the number of phosphorised derivatives of benzyl 
produced is remarkably large. Moreover, we have without the slightest difficulty obtained 
most of them in considerable quantity, so that we have been able to make a fairly 
exhaustive examination of their properties. 

In short, the method has placed at our disposal a number of highly interesting 
substances, which could not have been obtained in sufficient quantity by any other means 
- as yet known, and we have thus been enabled to fill up many Jacunz in the history of 
the benzyl phosphines and their derivatives. We may, however, state at the outset that 
the reaction which occurs between benzyl alcohol, iodide of phosphorus, and phosphorus, 
does not take place in exactly the manner we anticipated. 


The Action of Benzyl Alcohol on a Mixture of Phosphorus and its Iodide. 


We may remark at the outset that we employed in all our experiments the same 
mixture of phosphorus and phosphorus iodide as is used for the preparation of phos- 
phonium iodide. It was prepared as follows :—40 parts by weight of vitreous phosphorus 
(carefully dried) were dissolved in an equal weight of dry and freshly-redistilled 
bisulphide of carbon, and to the solution 68 parts of iodine were gradually added. The 
retort in which the mixture was made was then heated in a water-bath and a current 
of dry carbonic anhydride passed through it until every trace of bisulphide had distilled 
off. We ghall call the product, for the sake of brevity, ‘“‘ the phosphorus mixture.” 

We may also mention that in most of our experiments the quantity of benzyl alcohol 
taken was about the equivalent of the quantity of water used in the preparation of 
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phosphonium iodide. Thus, for the above quantities of phosphorus and iodine 24 parts 
of water are required, and the equivalent quantity of benzyl alcohol (H,O:C,H,0) is 
144 parts. 

Experiment 1.—30 grms. of the phosphorus mixture were placed in a flask fitted 
with an upright condenser, and 33 grms. of benzy] alcohol were added. 

The mixture became warm on shaking, but no very energetic reaction occurred until 
the flask containing it was heated in a paraffin-bath ; then, however, an action began and 
increased so rapidly as to become explosive,—the mixture being shot out of the con- 
denser, while dense white vapours were evolved, evidently of iodide of benzyl, from their 
intolerably irritating effect on the eyes. 

A second experiment, conducted in the same way and with the same quantities, led to 
precisely similar results. 

What was left of the product from these two experiments consisted of a brownish 
resinous mass. It was first extracted with ether, which, however, did not dissolve very 
much, then the residue was boiled with alcohol and a solution obtained which deposited 
abundance of crystals (A) on cooling. These were filtered off and the mother-liquors 
concentrated, when a second crystalline product (B) was obtained. 

(A) was recrystallised from spirit. It contained iodine, and when dried became very 
brown. A determination of iodine gave the following result :— 


04863 gave 00488 Agl =00263 1=5°4 per cent. 


It was evidently an impure product, so it was again dissolved in hot spirit. As the 
solution cooled, two distinct sets of crystals separated. One had the colour of bichromate 
of potash, while the other was colourless. 

Eventually it was found that the red crystals were much less soluble in spirit than 
the colourless ones, and by repeated recrystallisation the latter were separated and 
obtained of the constant melting point 192°C. (corr.), while (B), when purified, had the 
same melting point. 

The appearance and melting point led us to believe that the colourless crystals from 
(A) and (B) were both dibenzyl phosphinic acid, and this belief was strengthened by the 
fact that they dissolved readily in a solution of caustic baryta. The solution thus. 
obtained was treated with carbonic anhydride (to remove excess of baryta), filtered and 
evaporated to small bulk. As the solution cooled, colourless plates separated out, which 


_ on analysis gave numbers showing that they were by no means pure. 


Analysis. 
0°4156 gave 0°106 BaSO, = 06256 Ba=15°05 per cent. 
0°3930 lost at 110° C. 00893 H,O=22°70 __se,, 
Obtained. Calculated for {(C,H;),PO,},Ba,8H,O 
Water, . ; 22°70 18°67 


All the impure solid products were united and boiled with solution of caustic baryta 
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to remove dibenzyl phosphinic acid. The residue was washed with water and dilute 
hydrochloric aeid, and then boiled with alcohol. The filtered solution gave on cooling a 
crop of colourless needles, mixed with a few of the red crystals, but by recrystallisation 
they were obtained pure. They had a melting point of 212° C. (uncorr.), agreeing with 
that of tribenzyl phosphine oxide, and they also gave the compound with iodide of zinc, 
microscopically identical with a specimen prepared with a known sample of the oxide. 
The red crystals we did not obtain in sufficient quantity to examine. 

Experiment 2.—In order to avoid the very violent action which had occurred in our 
first experiments, we now allowed the benzyl alcohol to drip down the inverted 
condenser slowly on to the phosphorus mixture from a tap funnel. The first drops 
occasioned a very violent action, even in the cold, the flask becoming full of white fumes 
and iodine vapour; but as more of the benzyl alcohol was added the action moderated, 
though it continued to be pretty brisk, and sufficiently so to keep the mixture in 
ebullition. When all the aleohol had been thus cautiously added, and the reaction 
appeared to be over, a little more of the phosphorus mixture was added, and further 
action occurred, but it was not very violent. Finally, the flask containing the product 
of the reaction was heated for some time in an oil-bath and then allowed to cool. 

This product consisted of a dark brown viscid mass. To it a quantity of water 
was added, when heat was developed. The flask in which it was contained was 
next connected with a Liebig’s condenser, and a current of steam blown through it, when 
a somewhat brisk action occurred, and an oily liquid distilled over. This was in fairly 
large quantity, and was readily identified by its boiling point (111°C.) and odour as 
toluol. The residue in the flask after steaming, consisting of a dark brown oily substance 
swimming on the surface of the water, rapidly solidified. The aqueous solution was 
decanted, and the residue (which had by this time eompletely solidified) was extracted 
two or three times with boiling water. The aqueous solutions were mixed, and gave on 
cooling an abundant colourless crystalline precipitate (A). 

The residue after thorough extraction with water was pounded up in a dish and 
extracted several times with baryta solution, then washed with water, and finally boiled 
several times with alcohol, until nothing remained apparently but amorphous phosphorus. 
The alcoholic solutions were evaporated down, and gave on cooling an abundant crop of . 
colourless needles (B). 

The mother-liquors from (A) were pressed out through linen and evaporated until 
fumes of hydriodic acid came off. They were then allowed to cool, when the solution 
solidified to a radiating crystalline mass (C). The mother-liquors were squeezed out 
through linen and heated on a steam-bath for a considerable time, during which they 
not only fumed, owing to evolution of hydriodic acid, but also effervesced, and the 
effervescence increased on stirring. On heating some of the liquid in a tube it frothed 
considerably, and iodide of phosphonium sublimed, while later the odour of monobenzyl 
phosphine became very distinct and its hydriodate volatilised. 

Examination of Product A.—This was freed as far as possible from adhering mother- 
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liquors and warmed with baryta solution, when most of it dissolved. The solution was 
mixed with the baryta extracts of the insoluble product (from which B was eventually 
obtained), and after removing the excess of baryta by a current of carbonic anhydride, 
the filtered solution was evaporated down, once more filtered from a white insoluble 
substance which had separated, and then allowed to cool, when a crop of crystals was 
deposited, consisting of thin plates. These were rapidly washed and dried, first in air 
and then at 110° C. 
Analysis. 
(1) 21655 gave 0°'7852 BaSO,=0°46168 Ba=21°31 per cent. 
(2) 16808 , OG116 ,, =035961 ,, =2139 
As the salt dissolved in hot alcohol and readily separated as the solution cooled, a 
quantity was thus recrystallised, the crystals dried as before, and a barium determination 
(3) 16086 gave 0'5918 BaSO,=0°34796 Ba= 21°63 per cent. 


The numbers obtained show that the salt was dibenzyl phosphinate of barium. 


Calculated for {(C,H,),PO,},Ba 
i, II. IIT. 
Barium, . : 21°31 21°39 21°63 21°84 


On adding hydrochloric acid to its solution dibenzyl phosphinic acid was precipitated 


_ in the characteristic form. 


Examination of Product B.—This product consisted of colourless needles. They 
were thoroughly drained in a filter, washed well with spirit, and a melting-point 
determination made, which agreed fairly well with that of tribenzyl phosphine oxide. 
Unfortunately the pure product was accidentally lost, so that no combustion of it was 
made. For that purpose a product obtained from the mother-liquors was used, which 
was once recrystallised. 


Analysis. | 
1:0329 CO,=0'2817 C =79°9 per cent. 
03526 grms. gave) H.0=0095133 H= 712, 
Obtained. Calculated for (C,H,),PO 
Carbon, . 79°90 78°75 


Although both the carbon and hydrogen were too high, there could be no question 


_ regarding the identity of the substance, for it gave all the reactions of tribenzyl 


phosphine oxide, especially the very characteristic yellow crystalline compound with 
bromine. Moreover, in other experiments a number of these compounds was obtained 
and analysed. 

Examination of Product C.—The crystals were colourless, and consisted of tufts of 
radiating needles, They were readily soluble in water and in alcohol. Their aqueous 
solution reacted as follows :—With, 

(1) Acetate of lead, an immediate white precipitate. 
VOL, XXXV. PART II. (NO. 15), 2D 
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(2) Sulphate of zine, no precipitate. 
(3) Sulphate of magnesium, no precipitate. 
(4) Caustic baryta, no precipitate ; but on warming the neutral solution a crystalline 
salt at once separated. 
This behaviour with baryta seemed to afford a method for separating the product 
from phosphoric and hydriodic acids, and for obtaining it in a state of purity. 
Accordingly, the whole of it (after removal of adhering mother-liquor by pressure 
between filter-paper) was dissolved in warm water, and bartya added until the solution 
was nearly neutralised. A slight white precipitate was filtered off, and the filtrate heated 
gradually in a water-bath, when a considerable quantity of a salt separated in very thin 
irideseent plates, which were colleeted on a filter, washed and dried at 110°C. 


Analysis. 


16607 gave 12748 BaSO,=0°74956 Ba =45'13 per cent. 


Obtained. Calculated for C,H,PO,Ba 


The mother-liquors from which this salt had separated, when evaporated to small 
volume, gave a very soluble crystalline salt, which was also analysed. 


Analysis. 


1°4198 lost at 110° C. 01457 H,O=10°26 per cent. 
14198 gave 0°6232 BaSO,=0°36643 Ba=25-79 
Obtained. Calculated for (C,H,HPO,),Ba,3H,O 
Water, ‘ 10°26 10°13 
Barium, 25°79 25°61 


There could then be very little doubt as to the composition of the original product. 
It was benzyl phosphinic acid and its two barium compounds which were analysed, the 
normal and acid salts respectively. To be quite certain on this point, a quantity of the 
normal barium salt was decomposed with the exact quantity of sulphuric acid, and the 
filtered solution evaporated down. The acid then separated in colourless crystalline 
crusts. These were dried by pressure and recrystallised from water, then dried, first on 
filter-paper and subsequently at 110°C. 


Analysis. 
03681 06485 CO,=0°176863 C =48-70 per cent. 
01842 H,O=0:0204666 H= 563, 
Obtained. Caleulated for (C,H,)PO,H, 
Carbon, . 48°70 48°83 
Hydrogen, . ; 5°63 5°23 


Monobenzyl phosphinic acid had not been obtained previously. We describe its 
properties and salts on p. 612. | 
In the experiment, the results of which we have just described, we thus obtained and 
analysed three different phosphorised benayl derivatives, which may be considered as the 


> 

< 
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products of the oxidation of the primary, secondary, and tertiary phosphines respectively ; 
while, on concentrating the mother-liquors from the monobenzyl phosphinic acid, we 
obtained a fourth, viz., monobenzyl phosphine, which we suspected to originate from a 
fifth, namely, benzyl phosphinous acid, C,H,.PO,H;,. 

Fresh experiments were therefore necessary, not only to decide whether this latter 
compound is really produced, but also to ascertain the quantities of the different 
substances formed, the nature of the reactions which yield them, and the conditions under 
which they are originated. 

Experiment 3.—Three quantities, each consisting of 50 grms. benzyl alcohol and 50 
grms. of the phosphorus mixture (very carefully prepared with pure materials and 
thoroughly free from bisulphide of carbon), were worked up as follows :— 

The weighed quantity of phosphorus mixture was placed in a flask of about 500 ec. 
capacity. The flask was then filled with carbonic anhydride, attached to an upright 
condenser, #hd the benzyl alcohol allowed to drop from a tap funnel down the condenser. 
Action occurred spontaneously as soon as some of the phosphorus mixture became 
moistened with the alcohol, and at first violet vapours of free iodine appeared. It 
seemed better to run in the alcohol in tolerably large quantities, so as to keep up a brisk 
action, sufficient to cause rapid ebullition, but care had to be exercised, or the reaction 
became unmanageable. When most of the alcohol had been added the reaction grew 
sluggish, but was started afresh by shaking the flask, so as to thoroughly mix its 
contents. | 

In the case of two of the quantities the flasks were heated after all action was over, 
but we think this was not advisable, as a sudden puff of hydriodic acid occurred. Always 
towards the close of the reaction a little phosphonium iodide sublimed in the 
condenser. 

The product in each case consisted of a dark brown resinous mass. About 300 cc. 
of cold water were next added to the contents of each flask and thoroughly incorporated 
with them by shaking, when the mixture grew slightly warm. A current of steam was 
next passed as long as oily liquid distilled over. By this means, from the three 
quantities operated upon, 45 grms. of toluol were obtained boiling at 110°-120°C. A 
small quantity of a less volatile liquid remained above this temperature, but its amount 
was trifling. Each of the products was steamed with three separate quantities of water, 
so as to extract all soluble substances as thoroughly as possible. The residue was well 
squeezed in a linen bag, and repeatedly digested with baryta solution as long as anything 
was dissolved. For this purpose the mass was pounded in a mortar with hot baryta 
solution, the extract decanted through a linen filter, and the operation repeated. Finally, 
the residue was well squeezed in a linen filter, and next again and again boiled with 
alcohol so long as anything was dissolved out. What remained undissolved consisted _ 
apparently of amorphous phosphorus, and weighed 35 grms. 

The product of the reaction was thus split up into— 

(1) Aqueous extracts, containing hydriodic acid, monobenzyl phosphinic acid, some 
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dibenzyl phosphinic acid (which rapidly separated from the solution almost completely), 
and other soluble substances. 
(2) Baryta extracts, containing chiefly dibenzyl phosphinate of barium. 

(3) Alcoholic extracts, containing tribenzyl phosphine oxide. 

(4) Insoluble matter, chiefly amorphous phosphorus. 

The treatment of the different extracts was as follows :— 

Aqueous Extracts,—These were filtered from the dibenzy] phosphinic acid which had 
separated out,* then evaporated to small bulk, and allowed to crystallise, when a solid 
mass of benzyl phosphinic acid resulted. This, after squeezing as far as possible in a 
linen bag, weighed 28 grms. The mother-liquors were evaporated in a water-bath until 
dense fumes of hydriodic acid came off, and they were then allowed to cool, when another 
quantity of the phosphinic acid was obtained, which weighed, after drying by pressure, 
32 grms. The mother-liquors, on further concentration, gave no more phosphinic 
acid. Thus, in all nearly 60 grms. of crude acid were obtained. 

A quantity of the mother-liquors when heated in a distilling flask gave at first a 
distillate of hydriodic acid of constant boiling point, then phosphuretted hydrogen (some 
of which exploded in the condenser), a little iodide of phosphonium, and later hydriodate 
of monobenzyl phosphine. Another portion of the mother-liquors was heated in a 
distilling flask immersed in an oil-bath, and lost about half its volume of hydriodic 
acid of constant boiling point. The viscous residue was diluted with water, and 
neutralised with baryta, when a large quantity of a white amorphous precipitate was 
formed. It was filtered off, washed and analysed, and was found to consist of barium 
phosphate. | 

Analysis. 


1/1814 lost when ignited 0°0460 = 3°89 per cent. 
2°2540 (dried at 110°C.) gave 2:2634 BaSO,= 133084 Ba=59-04 per cent. 


Obtained. Calculated for BaHPO, 
Barium, . 59°04 58°80 


30 grms. of barium phosphate were obtained from the portion of the mother-liquors 
experimented upon, and it was estimated that 50 grms. would have been obtained if the 
whole of the mother-liquors had been employed. 

Baryta Extracts.—These contained dibenzyl phosphinic acid almost exclusively. 
They were evaporated to dryness, and the residue heated for a day at 110°C. It weighed 
68 grms., which correspond with 53°3 grms. of theacid. It was redissolved in water, and 
the acid obtained by precipitation with sulphuric acid and extraction of the precipitate 
with alcohol. 

Alcoholic Extracts.—These contained principally tribenzyl phosphine oxide. They were 
evaporated to small bulk and allowed to cool, when the crude oxide separated. It 


* This was well washed, dissolved in baryta, and the solution added to the baryta extracts, 
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weighed, when dried.as far as possible by pressure, 30 grms. The residual mother- 
liquors left on evaporation 3 to 4 grms. of a viscous mass, which was not further 
examined. 

Experiment 4.—We had as yet not proved the production of benzyl phosphinous 
acid, though we had reason for suspecting its presence, as well as that of either 
phosphorous or hypophosphorous acids. For, on heating the mother-liquors from the 
crude phosphinic acid, we had noticed the production of the primary phosphine (or rather 
its hydriodate) and phosphonium iodide, and their formation seemed to be most readily 
explained on the hypothesis that the acids we have named were present originally, 
but were decomposed by heat. 

To decide this question we performed a new experiment.* 

Three quantities of benzyl alcohol, amounting in all to 145 grms., wi three quantities 
of the phosphorus mixture, amounting to 200 grms., were worked up as described in 
Experiment 3, with this difference, that the benzyl alcohol was run in rather more slowly, 
so that the action was not quite so violent. The treatment of the crude product was at 
first substantially the same as in the previous experiment. 

The tribenzyl phosphine oxide, however, at once showed itself to be impure, for 
when dried it became brown. It would not dissolve completely in cold acetic acid, 
whereas the pure oxide dissolves with the greatest ease. On boiling with acetic acid 
it entirely dissolved, but as the solution cooled, a substance separated in feathery crystals 
like sal-ammoniac, quite unlike the oxide of tribenzyl phosphine, which crystallises in 
needles. From the appearance of these crystals we were led to suspect that they were 
iodide of tetrabenzyl phosphonium,—a suspicion which was verified both by their analysis 
(after recrystallisation from alcohol) and by their properties. 


Analysis, 
07732 gave 03390 AgI=-0°183204 1=23°69 per cent. 
Obtained. Calculated for (C,;H,),PI 
24°32 


When boiled with alcoholic soda solution they were decomposed, and on washing with 
water and recrystallising from alcohol, needles were obtained, melting at 216° C. (corr.). 
(The pure oxide melting at 215°5.)t Some of the crystals were dissolved in alcohol, 
decomposed with oxide of silver, the product boiled with hydrochloric acid, and extracted 
_ with boiling water. The solution gave on cooling the characteristic needles of chloride 
of tetrabenzyl phosphonium, a further proof that the original substance was the iodide. 

The main object of this experiment was, as we have said, to ascertain whether benzyl 
phosphinous acid was formed in the reaction. As it is a very soluble substance, we 
expected to find it, if it was produced at all, in the mother-liquors from the phosphinic 

* In the meantime we had obtained benzyl phosphinous acid from other sources, and had become acquainted we 
some of its properties, Among them, we had ascertained that it yields the primary phosphine when heated. 


t One of us and N. Coxuiz have shown that the haloid salts of tetrabenzyl phosphonium are decomposed x 
treated with an alkali, and yield the tertiary phosphine oxide (see p. 575). 
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acid, and we had already had some evidence of its presence there. We searched for it 
by the following method :— 

The mother-liquors remaining, after the phosphinic acid had been separated as far 
as possible by concentration and crystallisation, were diluted and mixed with excess of 
acetate of lead. The insoluble lead salts produced (chiefly iodide and phosphate) were 
filtered off and the excess of lead removed by a current of sulphuretted hydrogen. The 
solution was filtered and evaporated until all acetic acid was driven off, and nothing but a 
syrupy liquid remained, which gave off benzyl phosphine on heating. The investigation 
of this syrup, which evidently contained the phosphinous acid, proved troublesome. A 


portion was neutralised with chalk and evaporated to small bulk, when a salt separated 
in crystalline crusts. 


Analysis. 
0°3965 (dried at 110°C.) gave 00768 CaO=00548 Ca= 13°82 per cent. 
Obtained. Calculated for {(C;H;)HPO,},Ca 
Calcium, . 13°82 11°42 


This showed that the calcium salt was not pure. 

The rest of the syrup was neutralised with baryta and evaporated to small bulk, 
when the solution crystallised on cooling, and apparently two sets of crystals were formed. 
They were dried as far as possible by pressure, dissolved in a very little water, and then 


alcohol was added to the solution, when a crystalline salt was precipitated. This was 
washed and analysed. 


Analysis. 
0°6294 (dried at 110° C.) gave 0°5456 BaSO, =0°3208 Ba= 50°96 per cent. 
i Obtained. Calculated for (PH,O,),Ba 
Barium, . 50°96 51°31 


The salt gave all the reactions of a hypophosphite. Heated, it evolved phos- 
phuretted hydrogen ; boiled with sulphate of copper, the copper was reduced, &c. 
The mother-liquors from which it had separated gave on evaporation in the desiccator 


a cake of crystals. Some of these were drained on filter-paper, then dried at 110° C. until 
they were of constant weight. 


Analysis. 
0°5564 gave 0°3251 BaSO,=0°1911 Ba=3434 per cent. 
Obtained. Calculated for {(C;H,)PO,H },Ba 


A solution of this salt behaved with acetate of copper in the manner so characteristic 
of benzyl phosphinite, giving a greenish precipitate in a strong solution, no precipitate 
in a weak solution, but an immediate green ‘precipitate on boiling. Moreover, the mother- 


liquors from the copper salt obtained from a strong solution deposited the green salt 
immediately on boiling. 
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As the percentages both of calcium and barium in the respective salts analysed 
indicated that they did not consist of the pure phosphinites, but contained some hypo- 
phosphite, it was determined to obtain the zinc salt, which is deposited in a very character- 
istic way on boiling a weak solution of the phosphinous acid with acetate of zinc. 
Accordingly, the remainder of the barium salt was exactly decomposed with sulphuric 
acid, the solution filtered from the precipitated sulphate of barium and diluted. Acetate 
of zinc was then added (to the boiling solution), when it became turbid, and deposited a 
small quantity of a resinous salt. This was filtered off and excess of acetate of zinc. 
added, when a salt was precipitated (when the solution had been boiled for some time) in 
the characteristic form of the phosphinite, viz., minute droplets, with crystalline points 
projecting in all directions. A determination of zinc proved it to be the pure 
substance. 


Analysis. 
03044 gave 0:0670 ZnO =0:0537 Zn= 17°64 per cent. 
Obtained. Calculated for {(C,H,)PO,H},Zn 
Zine, . 17°64 17°33 


The results of these experiments show that in the reaction occurring between benzyl 
alcohol and the phosphorus mixture all the possible products of the oxidation of the 
three benzyl phosphines are produced, while in addition, in the experiment last described, 
iodide of tetrabenzyl phosphonium was also formed. In this experiment the conditions 
were slightly different from those of the preceding, for an excess of the phosphorus mixture 
was employed, but whether this influenced the course of the reaction or not we have not 
had the opportunity to decide. 

When we come to inquire into the mechanism (so to speak) of the reaction by which 
these different substances are formed, our attention is first arrested by the fact that 
two series of phosphorised derivatives are produced by the action of benzyl alcohol 
on the mixture of phosphorus and its iodide. One of these (excluding toluol) is 
represented by a solitary substance, viz., iodide of tetrabenzyl phosphonium, which 
contains less oxygen than the alcohol. The other includes all the possible products of , 
the oxidation of benzyl phosphines, and, with the exception of oxide of tribenzyl phos- — 
phine, contains more oxygen than benzyl alcohol. To a certain extent, therefore, the 
reaction is analogous to that which occurs between water and the phosphorus mixture, in 
which phosphonium iodide is a product of reduction, while phosphorous and phos- 
phoric acids are products of oxidation. To account for this double set of 
actions in the case of benzyl alcohol (i.¢., reduction and oxidation) is not 
difficult. The primary reducing agents are phosphorus and its iodide, while in the later — 
stages of the reaction there is hydriodiec acid also. As to the oxidising agent, iodine is 
visibly liberated in the first phases of the reaction, and probably water also, so that we 
think it probable that it is by their interaction that some of the oxidised products are 


- 
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formed. It is, however, very difficult, if not indeed impossible, to gain a complete insight 
into the changes which occur. But, on the other hand, it is easy to write a set of 
equations to account for the formation of the different products. Thus, the following may 
be written:— 

(1) PI,+C,H,OH+H,O  =(C,H,)H,PO,+HI+I. 

(2) PI,+C,H,OH+2H,0+1=(C,H,)H,PO,+3HI. 

(3) PI,+2C,H,OH =(C,H,),HPO,+HI+L 

(4) PI,+30,H,0OH+HI =(C,H,),PO+2H,0+3I. 

(5) PI,+4C,H,OH+4HI =(C,H,),PI+4H,0+5I. 


(6) PI,+2H,O =H,PO,+HI+I. 
(7) PI,+4H,O+31 =H,PO,+5HI. 
(8) 2HI+C,H,OH = C,H, +H,0+I,. 
(9) P+I, =PI,. 


Let us next compare the quantities of the different substances actually obtained with 
those required for the above reactions, remembering that the “balance sheet” will be 


extremely rough. In Experiment 3 the following were the quantities employed and 
produced :— 


_ Employed in the Reaction. Produced by the Reaction. 

Phosphorus, | Crude monobenzyl phosphinic acid, . 60°0 
»  dibenzyl 53°5 
»  tmbenzyl phosphine oxide, 
94°5 | Hydriodic acid (calculated), 95°2 

Phosphoric acid (calculated from 50 
grms. BaHPO,), 21:0 
.. . .. . 0d 
309 339°7 


The quantities of phosphorus, water, and benzyl alcohol, taking part in the reaction, may 
be accounted for as follows :— 


Phosphorus— 
Taken, . 55°5 grms. 
Remaining, 350 ,, 
Used up in the reactions, . - gsm 


The phosphorus used up in the reactions is accounted for thus— 
60 grms.(C,H,)H,PO, contains 10°8 phosphorus. 


535 ,, (C,H,),HPO, 
300 ,, (C,H,),PO 
500 ,, BaHPO, 66, 
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Water— 
Set freeinreaction,4 3°4 ? grms, 


Required for reaction, 1 ? (traces) 


Benzyl alcohol— 


Accounted tor thus— 
Required for reaction,l . ? (traces) 


w 
w 


In glancing over the foregoing table, the following points become apparent :— 

(1) The quantity of products is of greater weight than the sum of the quantities of 
benzyl! alcohol, phosphorus, and iodine employed. 

(2) The quantity of phosphorus used up in the reactions is less than that required 
for the weights of the different substances obtained. This is probably due to the following 
causes :— 

(A) The “‘unacted upon” phosphorus is not pure phosphorus, but contains organic 
compounds ; therefore the real quantity used up was probably rather more than 20°5 
grms. (B) All the products were weighed in a slightly moist condition, hence their real 
weights are no doubt slightly less than those actually obtained, and this is also shown 
by the fact that the benzyl alcohol required for the reactions is about 5 per cent. hi oher 
than the amount used. (C) The whole of the phosphate of barium was not weighed, but 
its amount calculated, on the assumption that 3 of the total quantity were actually 
weighed. 

(3) The quantity of water set free (or supposed to be set free) is less than one-half of 
that which is required for those reactions in which it is supposed to take part. This is 
important, as, we think, it clearly points to the fact that at least some of the above 


equations do not represent the actual changes occurring, but that in all-probability iodized ; 


derivatives are produced in the first instance, which are subsequently decomposed by the 

water which is added. Thus, the difference in the water supposed to be set free and 

required in the equations (14°1 grms.), almost agrees with the amount required for the 
VOL. XXXV. PART II. (NO. 15). DE 
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production of the phosphoric acid (15°4 grms.). And that this supposition is a true one 
is also clearly shown by the rise in temperature which takes place when the product of 
the reaction is treated by water, and by the complete change which. occurs in its 
appearance, as well as by the fact that the weight of products is greater than the collec- 
tive weights of phosphorus, benzy], alcohol, and iodine originally taken. 

It is also quite possible that the whole of the tribenzyl phosphine oxide is formed by 
the action of caustic baryta on iodide of tetrabenzyl phosphonium produced in the first 
instance: but we have not decided this point. 

(4) The quantity of benzyl alcohol employed is less than the quantity calculated as 
being equivalent to the weights of the different substances obtained. The difference, 
however, is not great (about 5 per cent.), and is accounted for, no doubt, as we have 
explained. 

The reaction with benzyl alcohol is a very interesting one, and we believe that it is 
capable of extension to other alcohols. Some preliminary experiments which we have 
made justify us in this belief, and we intend to pursue the inquiry. 
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PART Ilt.—THE PRODUCTS OF THE OXIDATION OF BENZYL 
PHOSPHINES. 


The substances which we describe in this part of our paper are four in number, viz., 
benzyl phosphinous acid and benzyl phosphinic acid, derived from the primary phosphine ; 
dibenzy] phosphinic acid, from the secondary phosphine ; and oxide of tribenzyl phosphine, 
from the tertiary base.* Benzyl phosphinous acid we obtained for the first time by the 
oxidation of the primary phosphine, while we discovered benzyl phosphinic acid during our 
investigations on the action of benzyl alcohol on a mixture of phosphorus and its iodide. 
One of us and W. WHEELER were the first to obtain dibenzyl phosphinic acid, which we 
isolated from the products of Hormann’s sealed tube reaction. In this part of our com- 
munication we describe the properties and compounds of the three acids, as well as those 
of the tertiary phosphine oxide, which we have so frequently, and at times unexpectedly, 
encountered in the course of our investigations. 


(1) Benzyl Phosphinous Acid, (C;H;)H;PO,. 


We have obtained this acid in three different ways—(1) By the oxidation of mono- 
benzyl phosphine; (2) Among the products of Hormann’s sealed tube reaction ; (3) 
Among the products of the action of benzyl alcohol on a mixture of phosphorus and its 
iodide. We have already described the steps which we employed for isolating it in each 
of these three cases, but it may not be unadvisable to describe the best method of 
obtaining it. 

The primary phosphine is allowed to oxidise in the air, care being taken to prevent 
the temperature from rising too high. The final product is a thick syrupy liquid, which 
contains phosphoric acid and benzyl phosphinic acid, in addition to the phosphinous 
acid. Either of the two following methods may be employed for isolating the latter :— 

(1) The viscous mass is dissolved in water and the solution just neutralised with 
baryta. It is then filtered from the precipitated phosphate of barium and evaporated to 
a small volume, when practically the whole of the phosphinate of barium separates out. 
The phosphinous acid is then obtained by decomposing the filtered solution with the 
proper quantity of sulphuric acid. 

(2) The aqueous solution of the product of oxidation is dissolved in water and 
precipitated with acetate of lead, filtered from the phosphate and phosphinate of lead, 
which separates, precipitated with sulphuretted hydrogen, and the filtered solution 
evaporated until the whole of the acetic acid has passed off. 


Properties.—Benzyl phosphinous acid is a syrupy liquid which refuses to crystallise. : 


It is fairly soluble in water, but separates from a strong solution in oily drops. It dis- 


* As we have mentioned on p. 585, it is possible that other one derivatives exist, but the above are the most 
important. | 
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solves easily in alcohol, and it is also soluble in ether. It is a monobasic acid, and most 
of its salts are very soluble. They are consequently troublesome to obtain pure, but 
the following were prepared and analysed. 

Barium Benzyl Phosphinite.—Obtained by neutralising the crude acid formed by 
the oxidation of the primary phosphine, filtering off the barium phosphate, boiling to 
precipitate the barium phosphinate, again filtering and concentrating toasyrup. The 
latter placed in vacuo solidified to a granular crystalline mass. This was squeezed as 


dry as possible in a cloth filter, and for analysis a sample was pounded up and exposed 
to the air until it ceased to lose weight. | 


Analysis. 
11383 lost at 110°C. 01443 H,O=12°67 per cent. 
11383 gave 0°5119 BaSO,=0°301 Ba=26-44 
Obtained. Calculated for (C,H,HPO,),Ba,4H,O 
Water, 12°67 13°87 
Barium, . 26°44 26°39 


The salt in all probability suffers a slight decomposition at 110° C., and also becomes 
partially oxidised. For after it had been heated and was dissolved in water, a distinct 
odour of the primary phosphine was observed. No doubt these facts account for the 


discrepancy between the observed loss at 110° C., and the calculated amount of water of 
crystallisation. 


Calevum benzyl phosphinite was obtained by neutralising a solution of the acid 
with chalk and evaporating the filtered solution. The salt separated out in crystalline 


crusts during the evaporation in a very characteristic manner. It appears to be less 
soluble in hot than in cold water. | 


Analysis. 
6943 lost at 110° C. 00113 = 162 per cent. 
6943 gave 01070 Ca0=0°76428 Ca=11:00 
Obtained. Calculated for 3{(C;H,;HPO,),Ca},H,O 
Water, . 1°62 1°68 
Calcium, . 11:00 11-23 


Magnesium Benzyl Phosphinite.—This salt was prepared by boiling a solution of 
the acid with excess of carbonate of magnesium, filtering and concentrating the solution 
first in a water-bath, and afterwards in vacuo over sulphuric acid. When the solution 
grew syrupy, crystalline crusts were slowly deposited. 


Analysis. 
0°7354 lost (after 8 days’ heating) at 110° C. 0°1538 H,O= 20°91 per cent. 
07354 gave 0°1938 Mg,P,0,=0°0419 Mg = 569 _ 
Obtained. Calculated for (C;H,HPO,),Mg,5H,0 
Magnesium, 5°69 5°66 


Water, 20°91 21°22 
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Zinc Benzyl Phosphinite.—Obtained by adding acetate of zinc in excess to a rather 
dilute solution of the acid and boiling for some time, when the compound was deposited 
as a granular crystalline powder. ‘The salt is anhydrous. 


Analysis. 
(1.) 03044 gave 0067 ZnO=00537 Zn=17°64 per cent. 
(1.) 05145 , 01133 =009091 ,, =17°66 
O8757 , 01946 , =015616 , =17'83 
Obtained. 
1. Il. III. {(C,H,)HPO,},Zn 
Zinc, 17°64 17°66 17°83 17°33 


Cadmium Benzyl Phosphinite.—This salt was prepared by decomposing a solution 
of the barium salt with the equivalent quantity of cadmium sulphate, filtering from the 
sulphate of barium and evaporating the filtrate. When the solution grew concentrated 
a white flocculent salt separated, which was filtered off and analysed. The mother-liquors, 
when further concentrated, gave a slimy deposit, and on cooling a crystalline salt. 


Analysis. 
04953 gave 0°1569 CdO = 0°137287 Cd=27°71 per cent. 
Obtained. Calculated for {(C,H,)HPO,},Cd 


Lead Benzyl Phosphinite.—A rather concentrated solution of the pure phosphinous 


acid (obtained by decomposing the barium salt with sulphuric acid) was mixed with the. 


calculated quantity of acetate of lead. The solution was filtered from a slight white 
precipitate which had been thrown down, slightly acidulated with acetic acid and warmed, 
when a colourless crystalline salt was precipitated. It was rapidly washed, dried, and 
analysed. 


Analysis. 
0°4269 (air-dried salt) lost at 110°C. 00061 H,O= 1°42 per cent. 
0°4269 gave 02446 PbSO,=0°1671 Pb =39'14 
Obtained. Calculated for 2(C,H,HPO,),Pb,H,O 
39°35 


The salt fused when dried at 110° C., and smelt slightly of the primary phosphine. It 
dissolves readily in water. When its solution is concentrated by boiling it separates out 
in oily drops. 


Attempts to prepare Benzyl Phosphinite of Copper.—The behaviour of benzyl 
phosphinite of barium (or any other phosphinite) with acetate of copper is very character- 


istic. On mixing the two solutions a pale green precipitate is produced in a strong 


solution, but no precipitate in a weak solution. A specimen of the green precipitate was 
prepared and analysed. 


| 
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Analysis. (The salt lost 7°43 per cent. on drying it at 110° C.) 
| 0°10273 gave 0:0304 CuO =0°0242 Cu=25°26 per cent. 


Calculated for 
Obtained. G,H,PO,Cu (C,H,HPO,),Ca 


The salt was probably impure benzyl phosphinate of copper, and not phosphinite at all. 
The mother-liquors which had been filtered from it rapidly decomposed and a yellow to 
red precipitate separated, having the appearance of cuprous oxide. On warming the 
wash waters, especially if they contain excess of acetate of copper, the light green salt 
is precipitated, but redissolves as the solution cools. It appears, therefore, that benzyl 
phosphinite of copper, if it exists at all, is a very unstable substance, and rapidly oxidises 
to phosphinate. The behaviour of a phosphinite with a copper salt affords an excellent 
test for the acid. 

Action of Heat on Benzyl Phosphinous Acid.—A quantity of the acid was heated 
in a small retort. It rapidly decomposed, and a liquid distilled, having the characteristic 
odour of the primary phosphine, smoking on coming in contact with the air, and giving 
a crystalline compound with hydriodic acid, which volatilised in that gas in the charac- 
teristic manner of the phosphine hydriodate. The reaction probably proceeds according 
to the equation— | 

| 3(C;H,)H,PO, = 2(C,H,)H,PO, +(C,H,)H,P, 
giving the primary phosphine and benzyl phosphinic acid, and is analogous to the decom- 
position which phenyl phosphinous acid suffers when heated.* 


(2) Benzyl Phosphinic Acid, (C,H;)H.PQ;. 


This acid is produced along with the benzyl phosphinous acid in the three reactions we 
have mentioned above, but it is only formed in very small quantity during the oxidation of 
the primary phosphine, benzyl phosphinous acid being, as we have mentioned, by far the 
chief product. A similar remark applies to the reaction occurring between oxide of zinc, 
benzyl chloride, and phosphonium iodide, only very small quantities of the benzyl phos- 
phinic acid being found among the products. The only satisfactory method for obtain- 
ing it is by the third process we have mentioned, 7.¢., the action of benzyl alcohol on a 
mixture of phosphorus and phosphorus iodide, when it is produced in large quantities, and 
is easily separated from the other products of the reaction. 


The following are the details of the process :—55°5 grms. of phosphorus are dissolved 
in an equal weight of bisulphide of carbon in a flask about 1 litre in capacity, and 94°5 
grms. of iodine are gradually added. The bisulphide is then distilled off and the last 
traces removed by a current of dry carbonic anhydride. An upright condenser is now 
fitted to the flask (which must be filled with dry carbonic anhydride) and 159 grms. 
of benzyl alcohol cautiously added through the condenser from a tap funnel. As soon as 


* MICHAELIS and Ananorr, Ber., vii. 1688 ; and KoHLER and MICHAELIS, Ber,, x. 807. 
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the mixture of phosphorus and its iodide is moistened with the benzyl alcohol a violent 
reaction occurs—violet vapours of iodine appearing and a dense white smoke. It is 
advisable, as soon as the reaction has commenced, to run in the benzyl alcohol in fairly 
large portions, waiting, however, each time until it moderates. By this means constant 
ebullition is kept up until the end of the reaction. Towards the close of the operation 
(that is to say when all or most of the alcohol has been added) the flask is well shaken 
from time to time, so as to mix its contents thoroughly. This generally starts the reaction 
afresh, and ebullition becomes energetic. 


When all action is over, the product is allowed to cool, water is added until the flask 
is half full, and the mixture thoroughly shaken, when it becomes warm. Then a current 
of steam is blown through it and the vapours condensed, as they contain toluol, &c., the 
steaming being continued so long as volatile matters pass over. The aqueous solution is 
next decanted through a linen filter from the brown resinous mass which remains, and the 
latter is again mixed with water and steamed as before, the operation being repeated a 
third time. All the aqueous extracts are united and allowed to cool, when a considerable 
quantity of dibenzyl phosphinic acid separates out. This is filtered off through a linen 
filter and well squeezed, so as to avoid loss of liquid. The solution is next evaporated 
until fumes of hydriodic acid appear, and then allowed to stand for some hours, when the 
crude benzyl phosphinic acid separates out. It is thoroughly squeezed in a linen filter, 
and the mother-liquors again concentrated, &c., when a fresh quantity of the acid usually 
separates. 

The yield of crude acid from the quantities mentioned should be about 60 grms. The 
acid thus obtained is very impure, and contains considerable quantities of hydriodic and 
phosphoric acids. It may be recrystallised from water, but cannot be readily purified by 
that means, as the impurities cling most tenaciously to it. By far the best method of 
purification consists in converting it into its barium salt, and decomposing the latter with 
sulphuric acid. The barium salt is easily obtained pure by neutralising a dilute solution 
of the acid with caustic baryta, filtering from the precipitate of phosphate of barium and 
boiling the solution, when it separates in the crystalline state. 


Properties.—Monobenzy1 phosphinic acid is a colourless body which crystallises from 
a hot and concentrated aqueous solution. It is readily soluble in water and alcohol. 
Its melting point was found to be 169°-169°'5 (corr.). It is a dibasic acid, and forms a 


_ number of salts, most of which crystallise easily from water. 


For analysis a quantity of the acid was prepared from the barium salt, and was dried 
first in a desiccator then for a short time at 110° C. 

Analysis. 
01842 H,O = 020466 H= 5°63 per cent. 
06485 CO,=176863C =4870 


* 0:2559 gave 01608 Mg,P,0, ='044008 P.=1754 


0'3631 gave 


* By the oxide of copper method. 
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Obtained. Calculated for (C,H,)H,PO, 
Carbon, . ; 48°70 48°83 
Hydrogen, ; 5°63 5°23 
Phosphorus, .__. 17°54 18°02 


Salts.— 


Barium Benzyl Phosphinate (normal) (C,H;)BaPO;,2H,0O.—This is an extremely 
characteristic compound, and is readily obtained by neutralising a fairly strong solution 
of the acid with a warm solution of caustic baryta, when it crystallises out in thin plates. 
As it is much less soluble in hot than in cold water, it.is precipitated on warming a weak 
solution, and if the heat is applied gradually (for instance by immersing the vessel con- 
taining the solution in a water-bath full of cold water and then heating the latter) it 
separates in large scales with the lustre of mother-of-pearl. This property furnishes an 
easy method for identifying the acid and separating it from other substances. 


Analysis. 
1:4246 (dried at 110° C.) gave 10809 BaSO,=0°63555 Ba= 44°61 per cent. 
Obtained. Calculated for C,H,PO,Ba 
Barium, . 44°61 44°62 
13643 lost at 110° C. 0°1389 = 10°18 per cent. 
Obtained. Calculated for C,H,BaPO,,2H,O 
Water, . 10°18 10°49 


Solubility.—An excess of the salt was allowed to stand for some days with water, 
well shaken repeatedly at intervals and the mixture filtered. Temperature of solution 
before filtering, 9°°7 C. 100 c.c. of this solution weighed (at 9°°7 C.) 101°446 grms., and 


left on evaporation 1°6115 grms. of the anhydrous salt=1°8005 grms. hydrated salt. 
Therefore, at 9°°7 C., 


100 c.c. of saturated solution contain 1°8005 grms. hydrated salt. 
100 grms. of water dissolve 1807 


Another quantity of the cold saturated solution was boiled for some time, then 
filtered through a hot-water funnel and cooled to 9°:7 C. 

100 c.c. of this solution weighed (at 9°°7 C.) 100°475 grms., and left on evaporation 
0°3855 grm. of salt (dried at 110° C.). Therefore, at 100° C. (or rather at the boiling 
point of the solution) — 


100 c.c. of solution contain (about) 0°4307 grm. hydrated salt. 
100 grms. of water dissolve 0°4305 


” 


Acid Barvum Benzyl Phosphinate, (C,H,. HPO;).Ba,3H,O.—This salt was obtained 
by adding to a solution of the normal salt the calculated quantity of benzyl phos- 
phinic acid and evaporating the mixture to a very small bulk, when, on cooling, the 
compound separated as a crystalline mass. It is very soluble in water. 


BENZYL PHOSPHINES AND THEIR DERIVATIVES. 615 


Analysis. 
2'7733 grms. lost at 110° C, 0°2884 grm. = 10°39 per cent. 
27733 gave 12159 BaSO,=0°7149 Ba=2577 __,, 
Obtained. Calculated for (C,H,HPO,),Ba,3H,O 
10°39 10:13 
Barium, . 25°77 25°70 


Calcium Benzyl Phosphinate (normal), (C,H,)CaPO,,H,O.—This salt was obtained 


by mixing a solution of the acid with a neutral solution of acetate of calcium and 
warming the mixture. The calcium salt was then precipitated in glittering scales, very 
similar in appearance to the barium salt. Prepared by this method it is thrown down 
on warming, even in weak solutions. The molecule of water which it contains is water of 
halhydration, as it is not lost at 110° C., and not completely at 200° C. 


Analysis. 
0°6177 lost at 200° C. 00428 H,O =6'92 per cent. 


I. 06459 (dried at 110° C.) gave 0°1563 CaO =0°11164 Ca=17°28 per cent. 


Il. 06177 » 01542 Ca0=0°11014 Ca=17'83 
Obtained. 
Calculated for 
I. I. (C,H,)CaPO,,H,0 
Water, 6°92 7°89 
Calcium, . 17°28 17°83 17°54 


Magnesium Benzyl-Phosphinate (normal), (C,H;)MgPO;,H,0.—Was prepared in 
exactly the same way as the calcium salt, that is to say, by adding a solution of acetate 
of magnesium to the acid and warming the mixture. It is then precipitated, even in a 
fairly dilute solution, as a granular white powder. The water which it contains must be 
considered as water of halhydration, as it is only driven off at 200° C. 

Analysis. 


0°7858 (dried at 110° C.) lost at 200° C. 0:0683 H,O = 8°69 per cent. 
10681 a gave 0°5617 Mg,P,O,=012144 Mg=11'36 
Obtained. Calculated for (C,H,)MgPO,,H,O 
Water, ; 8°69 849 
Magnesium, . 11°36 11:32 


Zinc Benzyl Phosphinate, (C,H,;)ZnPO;,H,O.—Was prepared by adding acetate of 
zinc to a boiling solution of the acid, when it was thrown down as a white amorphous 


and bulky precipitate. On concentrating the mother-liquors a granular white powder 


separated, which was not examined. The molecule of water which the salt contains is 
driven off at 110° C. 


Analysis. 
0°'7902 lost at 110° C. 0:0551 = 6°97 per cent. 
0°7902 gave 0°2544 ZnO =0'20414 Zn=25'83 
| Obtained. Calculated for (C,H,)ZnPO,,H,O 
Water, . 6°97 711 
‘ 25°83 25°69 
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Cadmium Benzyl Phosphinate, (C,H,)CdPO;,H,O.—A solution of the pure acid was 
largely diluted and mixed with a freshly prepared solution of acetate of cadmium. No 
precipitate was produced until the cadmium salt was added in considerable excess ; then 
however a salt was precipitated in minute spherical crystalline masses. On concentrating 
the mother-liquors only a trifling quantity of salt was obtained. 


Analysis. 
1:0181 lost (after 3 days’ heating) at 200°C. 00571 H,O= 5°60 per cent. 
1:0181 gave 04312 CdO = 03773 Cd=3705 
Obtained. Calculated for (C,H,)PO,Ca,H,O 
Cadmium, . 37°05 37°33 


Lead Benzyl Phosphinate, (C;H;)PbPO;,H,0.—Was obtained as an amorphous white 
precipitate on boiling a solution of the acid with acetate of lead. The molecule of water 
which the salt contains is only lost at a temperature of 200° C. 


Analysis. 
1:4939 lost at 200° C. 00341 H,O = 2°28 per cent. 
14939 gave 1:1748 PbSO,=0°8025 Pb=53°71 __,, 
Obtained. Calculated for (C,H, PbPO,),,H,0 
Water, . 2:28 2°33 
Lead, . 53°71 53°62 


Copper Benzyl Phosphinate, (C,H,)CuPO;,H,O.—On mixing a solution of the acid with 
acetate of copper a light blue precipitate of the copper salt is thrown down. 
Analysis. 
0°939 lost (after 4 days’ heating) at 200° C. 0:0571=6:08 per cent. 
(On the 4th day the salt began to decompose.) 
0939 gave 02973 CuO =0°23708 Cu = 25:24 per cent. 


Obtained. Calculated for (C;H,)CuPO,,H,0 
Water, . 6:08 717 
Copper, . P : 25°24 25°09 


Silver Benzyl Phosphinate.—This salt is thrown down as a bulky white precipitate on 
mixing a neutral solution of the potassium salt with nitrate of silver. It darkens when 
warmed, and is unstable. It was not analysed owing to this fact. 


Potassium Benzyl Phosphinate was prepared by neutralising the acid with caustic 
potash solution and evaporating to small bulk, when eventually a crystalline mass 
remained. The salt is very soluble both in water and alcohol. 


Analysis. 
0:4047 lost at 110° C., 00278 H,O = 6°86 per cent. 
07392 K,PtCl,=011815 K=2919 __e,, 
Obtained. Calculated for (C,H,)K,PO,,H,O 
Potassium, : 29°32 


Water, . 6°86 6'76 
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Sodium Benzyl Phosphinate and Ammonium Benzyl Phosphinate resemble the 
potassium compound, and were prepared in a similar manner. They were not analysed. 


Action of a Moderate Heat on Benzyl Phosphinic Acid.—When moderately heated 
the acid loses water, the amount finally lost varying apparently with the conditions of 
the experiment. In one experiment about five grms. of the acid* were placed in a 
distilling flask, through which a slow current of hydrogen passed, and the flask was 
heated in an oil-bath for some hours at a temperature ranging from 180°-195° C., then 
to 220°-230° C. for nearly a week. During this time a trace of the acid or some product 
of its decomposition appeared to volatilise. At the end of this time the loss amounted 
to 4:19 per cent. The equation— 


2C,H,H,PO, = H 30 + (C,H,),H,P,0, 


requiring 5°23 per cent. The product was light brown in colour, and very crystalline. 
On boiling with water it appeared to be quite insoluble. A little of it, mixed with a 
solution of caustic baryta, gave at once a crystalline deposit, which seemed to be very 
insoluble. The whole of the product was pounded in a mortar and boiled with water, 
in which some, but not all dissolved. The solution, which was fairly dilute, was then 
mixed with a slight excess of caustic baryta and gradually heated. Long slender 
needles separated, which were well washed and air dried. 


Analysis. 

1:2391 lost at 240° C. 01173 = 9°46 per cent. 

1:2391 gave 05733 BaSO,=0337 Ba=27:19 

06822 ,, 08146 CO,=0°222163 C=3256 __,, 

06822 ,, 02363 H,O=0°026255H= 3:4 

Obtained. Calculated for (C,H,),P,0,Ba,3H,0 

Water, 9°46 10°48 
Barium, . 27°19 26°60 
Hydrogen,. 3°84 3°88 


In another experiment about 5 grms. of the acidt were heated at once to 230° C., 
and kept at that temperature for a considerable time. The final loss amounted to 14°44 
per cent. The equation— 

2(C,H,)H,PO,,H,0 =3H,0 +(C,H,;),H,P,0; 
requires a loss of 14°21 per cent. 


It would appear from this result that the two specimens of acid experimented with 
were different, the latter containing water of crystallisation, the former none. The 


product from this second experiment was broken up, pounded fine, and boiled with water, | 
in which it ultimately dissolved. The solution was divided into three parts, A, B, and C. 


* Not absolutely pure, but recrystallised two or three times from the crude product. 
+ A very pure specimen of the acid, which had been obtained from the barium salt, and was snow-white. 
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A was slightly evaporated, and on cooling gave a crop of colourless crystals, unlike 
the original acid, and probably the pyro acid. 

B was evaporated to a small bulk, and was completely converted into the original 
acid, 2s was proved by the production of the characteristic barium salt. 

© was neutralised with caustic baryta, and gave the long needles of the pyro- 
phosphinate exactly similar to those obtained in the first experiment. 

We may conclude, then, that at a temperature of 200°-230° C., benzyl phosphinic acid 
is converted into the pyro acid, (C,H,;),H,P,0, (which gives a characteristic barium salt, 
and is less soluble than the original acid). The pyro acid, on boiling for a long time with 
water, is rehydrated, and gives the original benzyl phosphinic acid.* 


Action of a Rapid Heat on Benzyl Phosphince Acid.—5 grms. of the acid were cau- 
tiously heated in a small retort over the naked flame of a Bunsen burner. At first a few 
drops of water passed over, then a yellowish oil distilled, and presently a sudden 
decomposition occurred, the mass charring. The lamp was instantly removed, but the 
decomposition went on spontaneously. 

The receiver contained 1 to 2 ¢.c. of a yellowish oil, smelling very slightly of the 
primary phosphine, and partly solidifying on cooling. The black tarry matter in the 
retort contained a little free phosphorus. It was boiled with water and the solution 
filtered. The filtrate was neutralised with caustic baryta, and gave a white amorphous 
precipitate, which, when filtered off and dissolved in nitric acid, gave a strong phosphoric 
acid reaction with molybdate of ammonium. 

The filtrate from the amorphous precipitate, when boiled, gave characteristic crystals 
of barium benzyl phosphinate, showing that some of the acid had escaped decomposition. 
According to MicHak.is and Marruatas (loc. cit.), phenyl phosphinic acid decomposes at 
250° C. into benzol and meta-phosphoric acid, with charring— 


C,H, H,PO, = C,H,+HPO,. 


They do not mention how the benzol was identified. | 

We had not sufficient of the oily distillate to determine its boiling point or to 
identify it as toluol, but as the production of phosphoric acid was proved, it is probable 
that benzyl-phosphinic acid decomposes like the phenylated acid thus— 


C,H,H,PO,=C,H,+HPO,. 


Action of Phosphorous Acid on Benzyl Phosphinic Acid.—Having obtained the 
benzyl phosphinic acid in large quantities, and with ease, we were anxious to discover some 
method by which it could be reduced to the phosphine, and as we had proved that the 
action of heat alone did not lead to the desired result, we decided to try the effect of 

* MicHAELIs and Marrutas (Ber., vii. 1070) and MicHaE.is (Annalen, 181, p. 323) found that the corresponding 
phenyl phosphinic acid, when heated to 200° C., loses sufficient water to give the pyro acid analogous to the one we 


obtained, viz., (C,H;),H,P,0, ; while at 210° C. three molecules of the acid lose two molecules of water, giving, they 


suppose, (C,H,),.H,P,0;. They did not succeed in isolating either of the pyro acids or in obtaining their salts, as they 
re-hydrate when treated with water. 
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heating the acid with crystalline phosphorous acid, in the hope that a reaction would 
occur according to the following equation :— 


, 


which would be analogous to the reaction which phosphorous acid suffers when heated 
alone— 
4H,PO, =3H,PO,+PH,. 

Accordingly, 5 grms. of benzyl phosphinic acid were mixed with a large excess 
(20 grms., the calculated quantity being only 71 grms.) of crystallised phosphorous 
acid, and the mixture heated in a distilling flask. It soon fused to a clear liquid, and 
then a little water came off. Presently the mass began to disengage phosphuretted 
hydrogen, and to froth considerably. After some time an oily liquid distilled, which was 
colourless, and finally decomposition and charring occurred. The whole of the liquid 
distillate was redistilled, and gave 1°3 ¢.c. of an oil having the smell and properties of the 
primary phosphine. The reaction seems then to proceed in the desired manner, and if 
the whole of the liquid obtained consisted of the phosphine, the yield was nearly 50 per 
cent. of the theoretical quantity. In all probability other phosphinic acids would be 
reduced by phosphorous acid, and, if so, the action is of some importance, as we believe 

_that no other method for their reduction has yet been discovered. 


Action of Pentachloride of Phosphorus on Benzyl Phosphinic Acid.—We were 
anxious to obtain the two chlorides, (C;H,)CIHPO, and (C,H,)CI,PO. 

10 grms. of the benzyl phosphinic acid and 14 grms. of pentachloride of phosphorus 
were mixed in a distilling flask, when a pretty brisk action occurred spontaneously, the 
mixture growing very hot and torrents of hydrochloric acid coming off. As soon as the 
action had moderated, the mixture was heated, and 8 grms. of liquid were obtained dis- 
tilling below 110° C. The residue in the flask was allowed to cool, and hardened into a 
brown viscous mass. It was then heated, when the thermometer rose slowly to 300° C., 
during which a colourless liquid distilled. There remained in the flask a black liquid, 

| which solidified to a hard resin, and which contained free phosphorus. The distillate 
boiling from 110°-300° C. was in too small a quantity to redistil, but it probably con- 
tains one of the two chlorides, for when left for some time in contact with the air, it was 
converted into a crystalline mass, presumably benzyl phosphinic acid. The reaction was 
not sufficiently definite to invite further investigation. 


(3) Dibenzyl Phosphinic Acid, (C;H;),HPO, . 


We have obtained this acid by the second and third reaction described at the beginning 
of this part of our paper, and also by fusing the tertiary phosphine oxide with caustic 
potash. To isolate it from the products of the reaction occurring between phosphonium 
lodide, zinc oxide, and benzyl chloride, the contents of the sealed tubes, after having been 
steamed with water to drive off the primary phosphine, are boiled for a long time with 
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caustic potash or caustic baryta solution. This is then decanted off and acidulated with 
hydrochloric acid, when dibenzyl phosphinic acid is precipitated, but in a very impure 
condition, and only a small quantity is obtained. The reaction occurring between 
benzyl alcohol and a mixture of phosphorus and its iodide yields it in large quantities, 
and with ease. We have on p. 612 described this reaction, and have explained how the 
crude dibenzyl phosphinic acid is separated. 

In order to purify it, the crude product is thoroughly washed with water and 
recrystallised from boiling alcohol. 


Properties.—Dibenzyl-phosphinic acid is a colourless substance, almost insoluble in 
water, but fairly soluble in hot alcohol. It crystallises from the latter solvent in very 
thin iridescent plates, which, when dry, have a mother-of-pearl lustre. Its melting point, 
determined with an Anschiitz thermometer, was found to be 192° C. Heated above its 
melting point, it decomposes, but also partly volatilises unchanged. Heated with 
pentachloride of phosphorus, it appears to decompose, and to give among other products 
chloride of benzyl. It forms a number of very characteristic salts, many of which are 
beautifully crystalline. 


Analysis.* 
14058 CO, =03834C =67'99 per cent. 
‘5639 gave 03315 H,O =0°036833 H= 6°53 
02639 Mg,P,0,=0°073701 P=13-°06 __,, 
Obtained. Calculated for (C,H,),HPO, 
12°60 
Salts.— 


Barium Dibenzyl Phosphinate, {(C;H;),PO,} .Ba,8H,O.—This salt was obtained by 
neutralising a hot and concentrated solution of caustic baryta with the acid, filtering 
from a few insoluble flakes,t and allowing the solution to cool, when very thin plates 
separated with the lustre of mother-of-pearl. The mother-liquors, on spontaneous 
evaporation, gave large and very beautiful thin plates, radiating from a common centre. 


Analysis. 


(1) 0°4637 grms. lost at 110° C., 0°0855 = 18°43 per cent. 
(2) 11392 02112 =1853 
11392 grms, gave 0°3439 BaSO,=0°2022 Ba.=17°'74 __,, 
Obtained. 
A Calculated for 
I. Il. {(C,H,),PO,},Ba,8H,O 
18°43 18°67 
Barium,. be 17°76 


The salt effloresces in dry air. It is soluble in alcohol. 


* The combustion was made with pure oxide of copper, and the phosphorus determined as described at p. 556. 
+ We do not know to what these are due. 
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Calcium Dibenzyl Phosphinate, 4(C,H;),PO,}.Ca,sH,O.—This compound was pre- 
pared by warming the acid with a little water and slaked lime, until the solution was 
neutral. The filtered solution gave on cooling thin plates very much like the barium 
salt. On boiling the crystals with their mother-liquors they grew opaque and insoluble, 
no doubt from loss of water. 


Analysis. 
1:0637 lost at 110° C., 0°2227 = 20°93 per cent. 
1:0637 gave 00902 Ca0=0:0644 Ca = 605 _,, 
Obtained. Calculated for {(C,H,),P0,},Ca,8H,O 
Water, ; ; 20°93 21°36 
Calcium, . 6°05 5°93 


Magnesium Dibenzyl Phosphinate, {(C;H,;),PO,}.Mg,3H,O. — This salt is very 
characteristic. It was prepared by slowly warming a dilute solution of the potassium 
salt with acetate of magnesium, when it was slowly deposited in colourless needles of 
considerable length. 


Analysis. 
0°6422 lost at 110° C., 00563 = 8°76 per cent. 
06422 gave 01301 Mg,P,0,=00281 Mg=437 _,, 
Obtained. Calculated for {(C,H,),PO,},Mg,3H,0 
Water, ; ; 8°76 9°50 
Magnesium, 4:37 4:22 


Cadmium Dibenzyl Phosphinate, {(C,H,),PO,},Cd.—Was obtained by adding sul- 
phate of cadmium to a solution of the potassium salt, when an amorphous white preci- 
pitate was thrown down, which rapidly became crystalline. 


Analysis. 
08052 gave 0:1757 CdO=0°1537 Cd=19°08 per cent. 
Obtained. Calculated for (C,H,),PO,},Cd 
Cadmium, . 19°08 18°60 


The mother-liquors, on evaporation, gave a considerable quantity of a crystalline 


salt. 


Copper Dibenzyl Phosphinate, {(C,;H;,),PO,},Cu.—This body was prepared by adding 
_ sulphate of copper to a solution of the potassium salt, when a blue amorphous precipitate 
came down. This was washed, air-dried, and analysed. 


Analysis. 
1:0037 gave 0°1482 CuO=0°1183 Cu=11°78 per cent. 
Obtained. Calculated for {(C,H,),PO2},Cu 
11°78 11°47 


The mother-liquors when hoiled gave a green precipitate, and the blue salt, on simply 


tin 

| 

‘ 
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standing with water, also seemed to become green. The green compound was not inves- 
tigated. 


Silver Dibenzyl Phosphinate, (C;H;),PO,Ag.—Was prepared by dissolving some of 
the acid in alcohol and adding strong aqueous nitrate of silver solution, when the silver 


salt was precipitated in very fine colourless needles. These blackened slightly when 
dried. 


Analysis. 
03122 grm. gave 0°125 AgCl=0°094087 Ag =30'13 per cent. 
Obtained. Calculated for (C;H,),PO,Ay 
30°59 


Sodium Dibenzyl Phosphinate, 2{(C,H;),PO,Na},7H,O.—Prepared by neutralising 
caustic soda solution with the solid acid and evaporating to a small volume, when the salt 
crystallised out in plates, and was easily recrystallised from boiling water. It is readily 
soluble. 

Analysis. 

(1) 1:3114 lost at 110° C., 0:2492 = 19-00 per cent. 
(2) 13999 ,, 0'2660=19°00 


Obtained. 


I. II. 2{(C,H,),PO,Na},7H,O 
Water, 19°00 19°00 19°03 


Potassium Dibenzyl Phosphinate, 2{(C,H;),.PO.K},7H,O. — Prepared in the same 
manner as the sodium salt, and has similar properties. 


Analysis. 
1:2054 lost at 110° C., 0°2213 = 18°35 per cent. 
1'2054 gave 0°860 K,PtCl,=0°1374 K=11°39 __,, 
Obtained. Calculated for {(C,H,),PO,K },,7H,O 
Water, ‘ 18°35 18°15 
Potassium, 11°39 11°23 


Ammonium Dibenzyl Phosphinate, (C,H;),PO.NH,,7H,O.—This salt was prepared 
by neutralising the acid with ammonia. The solution, when highly concentrated, solidified 
to a crystalline mass. 


Analysis.* 
0°9105 gave 0°2339 Pt=—00427 NH,=4°68 per cent. 
Obtained. Calculated for (C,H,),PO,NH,,7H,0 
Ammonium, 468 4°62 


* The salt was distilled with caustic potash and the ammonia which was evolved absorbed by hydrochloric acid 
and precipitated as chloroplatinate, the latter being subsequently ignited, and the ammonia calculated from the weight 
of platinum left. 
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Action of Heat on Dibenzyl Phosphinic Acid.—Preliminary experiments with the 
pure acid in a test-tube seemed to show that it distilled unchanged. A quantity was 
heated in a distilling flask. It boiled above the boiling point of mercury, and the 
distillate on cooling formed a semi-solid crystalline mass, smelling very slightly of the 
primary phosphine. As the distillation proceeded, the residue in the flask darkened. 
The whole of the distillate was warmed with caustic potash, in which most of it seemed 
to dissolve, but a crystalline residue remained saturated with some oily matter. The 
solution was filtered from this residue, precipitated with excess of hydrochloric acid, and 
the washed precipitate recrystallised from alcohol. It separated in characteristic thin 
plates of dibenzyl phosphinic acid, and was identified by its melting point and other 
properties as that body. The crystalline matter insoluble in potash was well washed 
with water and then crystallised from hot alcohol, when it separated in needles, having 
. the melting point of tribenzyl phosphine oxide, and it was further identified as that body 
by the production of the characteristic bromine compound. 

The residue in the distilling flask was black and tarry, and was dissolved when boiled 
with caustic soda. The solution thus obtained, when acidulated with hydrochloric acid, 
gave a crystalline precipitate (probably crude dibenzyl phosphinic acid), and when filtered 
from this, was found to contain abundance of phosphoric acid. 

We may conclude from the above results that when dibenzyl phosphinic acid is heated 
it volatilises in a great measure unchanged, but that a portion decomposes, giving 
phosphoric acid, tribenzyl phosphine oxide, and toluol— 


2(C,H,), HPO, = (C,H,),PO + HPO, + C,H, 


Action of Pentachloride of Phosphorus on Dibenzyl Phosphinic Acid.—10 grms. of 
the acid and 10 grms. of pentachloride of phosphorus* were placed in a distilling flask, and 
the latter gradually treated in a paraffin-bath. A reaction soon occurred, and torrents of 
hydrochloric acid gas came off. As soon as the action had moderated the product was 
distilled. 7 grms. of liquid came off before 110° C., then the thermometer rose slowly to 
300° C., without remaining constant at any temperature, during which about 7 grms. of 
an oily liquid came off. By this time the residue in the distilling flask was very syrupy 
and of a brown colour, and on admitting air it smoked, and seemed to be giving off free 
phosphorus. 

The two distillates, when redistilled, passed over in a great measure below 110° C. 
They were shaken with water, and after decomposition an oily liquid floated on the surface 
(in all about 2 grms.), which was unmistakably benzyl chloride. We could not isolate 


any acid chloride, (C,H,),POCI, and a profound decomposition seems to occur, possibly 
according to the equation— . 


(C,H,),HPO, +3PCI, = 2PCI,0 + HCl+ 2PCI, + 2C,H,Cl. 


* The quantities required for the equation (C,H,),HPO,+PCl,=(C,H,),POC1+ HCl+ POCI, are 10 grms, of the | 
acid and 8'5-grms. of pentachloride of phosphorus. 


VOL. XXXV. PART II, (NO. 15). DG 


LE 
« 
‘ 
. 4 
4 


624 PROF. LETTS AND MR R. F. BLAKE ON 


(4) Tribenzyl Phosphine Oxide, (C,H,)sPO . 


This body has been obtained by a number of different methods, among which are the 
following :— 


(1) Action of benzyl chloride on phosphonium iodide (FLEIssNER).* 

(2) From the products of the action of benzyl chloride on phosphide of sodium 
(Letts and 

(3) From the products of Hormann’s sealed tube reaction (between benzyl chloride, 
zinc oxide, and phosphonium iodide) (Lerrs and Buaxke).} 

(4) From the products of the action of benzyl alcohol on a mixture of phosphorus 
and phosphorus iodide (Letts and Biaxkeg).§ 

(5) From the products of the action of benzyl alcohol on phosphonium iodide 
(LEDERMANY).|| 


(6) By the action of alkalies on salts of tetrabenzyl phosphouium (Letts and 
CoLLiz).{ 
(7) By the action of heat on hydrate of tetrabenzyl phosphonium (Lerrs and 
CoL.iz).** 
(8) By the oxidation of the tertiary phosphine (Lrrrs and Biaxe).tt 
(9) By the action of fused potash on dibenzyl phosphinic acid (Lerrs and Biaxke),tt 


Properties.—Crystallises in colourless highly refractive needles. These are some- 
times thick, at others quite fine and silky. The body is soluble in alcohol, bisulphide of 
carbon, glacial acetic acid, and chloroform; almost insoluble in water and ether. When 
heated it melts at 216°-216°5 C. (corr.), and sublimes at a higher tompenniare with 
considerable decomposition. 

It combines with hydracids, halogens, and chloride of platinum to form unstable and 
possibly indefinite compounds, but its compound with iodide of zinc is stable and definite, 
and so is its nitro body, its sulphonic acid, and some other derivatives. 


Bromide, either 7(C,H,),PO,5Br, or 5(C,H,);PO,4Br,.—This compound is highly 
characteristic, and its production affords a ready means of identifying the oxide. It is 
readily obtained by adding bromine to a solution of the oxide in glacial acetic acid, and 
it crystallises in orange needles, which, when seen under the microscope, are found to 
consist of aggregations of minute rhombic plates. It may be recrystallised from a warm 
solution in glacial acetic acid (to which a little bromine is added). It is unstable, and 
loses bromine when boiled with water or glacial acetic acid. It is instantly decomposed 


* FsLEIsnER, Berichte, xiii. (1880) 1665. + Lerts and CoLuig, these Transactions, xxx. part 1, p. 202. 
{ Lerrs and BLakg, this communication, p. 554. § Lerrs and Biakg, this communication, p. 599. 
|| LepgRMANN, Berichte, xxi. (1888) 405a. @ Lerrs and loc. cit., p. 196. 


** Lerrs and CoLuig, loc. cit., p. 215. tt Lerrs and Biakg, this communication, p. 574. 
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by caustic potash, and the oxide re-formed. The bromine is, in fact, very loosely combined 
—as loosely as water of crystallisation is in ordinary salts. 
The compound has been repeatedly analysed, and we think it advisable to give the 


full results :— 
Analysis.* 
Obtained. 
Bromine, (1) 260 Prepared with a hot solution of the oxide. 
‘ (3) 272 cold 
(5) 266 


. (6) 26°64 Prepared with a cold solution of the oxide. 
%» (7) 26°85 Recrystallised from acetic acid. 


» _ @) 28°) Prepared with a boiling solution of the oxide in 

» (0) 283 glacial acetic acid, and dried in vacuo 

(2) (4) (12) (9) 
Carbon, 56°5 56-4 565 569 
Hydrogen, 5:3 56 50 4°9 
Calculated for 
'2(C,H,),P0,5Br, 5(C;H,);P0,4Br, 

Bromine, 26°31 28°5 
563 
Hydrogen, . 4°83 4°7 


Chloride.—Obtained by passing chlorine gas into a solution of the oxide in warm 
acetic acid to saturation, and crystallised as the solution cooled in pale yellow crystals, 
having the appearance of pentachloride of phosphorus. The compound is very unstable, 
and loses chlorine vacuo. 


Analysis. 
Obtained. Calculated for 
Chlorine, . 120 13°68 


(It is probable that on drying the compound for analysis some chlorine was lost.) 


Todide.—Prepared by mixing hot solutions of iodine and the oxide in glacial acetic 
acid. Crystallises in minute red crystals of the colour of ferricyanide of potassium. 


Analysis. 
Obtained. Calculated for 7(C,H,),PO,51, 
Iodine, 36:18 


* Analyses 1-5 were made by Lerrs and W. WHEELER, and from 6-8 by Lerrs and BLakg, and the preparations 
obtained in both cases from Hormann’s “dibenzyl phosphine” (see p. 554). Analyses 9-11 were made by Lerrs and — 
— Dev preparation being made from the oxide obtained from the products of the action of sodium phosphide on — 
benzyl chloride. | 


| 
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Hydrochlorate.*—When warmed with an aqueous solution of hydrochloric acid, the 
oxide remains unchanged, but if a current of the dry gas be passed over the finely 
powdered oxide, it is readily absorbed, and a compound is obtained which is unchanged 
in the air, but decomposes when heated or boiled with water into its constituents. 

Its formula appears to be 4(C,H,),PO,3HC1. 


Hydrobromate.—According to CoLutE (loc. cit.), a similar compound is formed with 
hydrobromic acid. One of us and W. WHEELER obtained a compound by saturating a 
hot solution of the oxide in glacial acetic acid with hydrobromic acid gas, when it 


separated as the solution cooled in colourless crystals. Its composition varied widely in 
two separate preparations. 


Analysis. 
Obtained. Calculated for 
L IL. 4(C,H,),PO,3HBr 3(C,H,),PO,2HBr (C,H,),PO,HBr 
Bromine, 19°5 to 205 163 15°75 14°26 19°95 


Hydriodate.—Obtained by one of us and W. WHEELER by the same method as the 
hydrobromate. 


Analysis. 
Obtained, Calculated for 
I. Il. 4(C,H,),P0,3H1 3(C,H,),P0,2H1 (C,H,),PO,HI 
Iodine, 21°0 21°5 22°9 20°88 28°34 


Platinum Salt——Prepared by mixing alcoholic solutions of the oxide and chloride of 
platinum, and crystallised in minute orange leaflets. It is somewhat unstable, and its 


composition varies with the conditions under which it is obtained. Its probable 
formula is— 


4(C,H,),PO,2HCI,PtCl,,+ but possibly 3(C,H,),PO,PtCl, + 


Palladium Salt.—F.xtssyer obtained this body by precipitating a solution of the 


oxide with palladous chloride. It is a brown-red crystalline mass of the formula 
3(C,H;);PO,PdCl, . 


Ferrie Chloride Compound.—Sulphur yellow prisms of considerable size. Formula: 
3(C,H;),PO,Fe,Cl, (FLEISSNER). 


Mercurie Chloride Compound.—Beautiful colourless prisms or pyramids. Formula: 
3(C,H;),PO,HgCl, (FLEIssNER). 


Cobaltous Chloride Compound.—Blue needles. Formula: 3(C,H,);P0,CoCl, 
({FLEISSNER). 


* CoLLiE, Chem. Soc. Jour., 1889, p. 227. + Letts and loc. Fierssyer, loc. cit. 
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Linc Iodide Compound.—Obtained by mixing alcoholic solutions of the two bodies, 
and separated from the fairly concentrated solution in tufts of colourless plates of char- 
acteristic form. Formula: 2(C;H;);PO,ZnI, (Lerrs and Cotte). 


Acetyl Chloride Compound (Cotuiz).—Obtained by slowly evaporating a solution of 
the oxide in glacial acetic acid and chloride of acetyl, as a crystalline compound. 
Formula: (C;H;);PO0.(CH;.COCI). It is unstable, and is decomposed into its consti- 
tuents by heat : when treated with boiling water and when mixed with an alkali. 


Sulphur Compound (Letts and CoLiie).—When the oxide is fused with sulphur a 
reaction occurs, which apparently varies with the temperature, and with the quantity of 
sulphur employed. If much sulphur is taken and the mixture heated to a high 
temperature, sulphuretted hydrogen is evolved, the mass becomes dark coloured and 
resinous products are formed. But if the proportion of sulphur is low (one molecule of 
the oxide to two atoms of sulphur), and the temperature kept at 240° C., the sulphur 
dissolves, no gas is evolved, and the product dissolves completely in a large quantity of 
boiling alcohol. The solution deposits on cooling long silky needles of a light buff colour 
of the composition, 5(C;H;);PO,S. The melting point was found to be 211°-212° C. 
(uncorrected). 


Nitro Compound.—Obtained by Coie by dissolving the oxide in cold sulphuric 
acid, adding excess of nitric acid, and pouring the mixture into water. Prepared by us 
by dissolving the oxide in cold fuming nitric acid and pouring the solution into water.* 
White amorphous mass soluble in glacial acetic acid, melting at 100° C., and deflagrating 
at a higher temperature. Formula: {C;H,(NO,)};PO. It is unchanged when boiled 
with chromic acid, but is oxidised to para-nitro benzoic acid (and presumably phosphoric 
acid) when warmed with an akaline solution of permanganate of potash (CoLLIE). 
Attempts by Dr CoLie and ourselves to obtain the corresponding amido body were 
unsuccessful. 


Sulphonic Acid (Couiz).—The oxide, when dissolved in strong sulphuric acid, does 
not react unless the temperature is raised above 100° C.; between 150° C. and 170° C., 
the whole of the oxide is readily converted into a sulphonic acid, (C;H,SO;H),PO. This 
acid is soluble in water, and can be obtained pure from its barium salt. It is semi- 
_ erystallme, and dries to a syrup over sulphuric acid. Monoacid Barium Salt, 
(C;H,SO,),Ba (C,H,)SO,H}PO.—Obtained by neutralising the acid with caustic baryta. 
Is uncrystallisable. Silver Salt.—White flocculent precipitate. Copper Salt.—Green, 
and soluble in water. Lead Salt.—Soluble. 
The acid behaves with oxidising agents like the nitro body. 


Action of Fused Caustic Potash on the Oxide.—When the oxide is heated with caustic 


* The discovery of the nitro compound was made independently by Dr CoLLi£ and ourselves. 
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potash or soda, it fuses and floats on the surface of the melted alkali. No violent action 
occurs, but on cooling the mixture and treating it with water, the greater portion dissolves, 
and acids then precipitate dibenzyl phosphinic acid. The following reaction therefore 
occurs 


(C,H,),PO-+KHO =(C;H,),PO,K +C,H,. 
Singularly enough, when dibenzyl-phosphinic acid is heated by itself, the oxide is 


formed— 
2(C;H,),PO,H =(C,H,),PO+HPO, + 


PROFESSOR LETTS ano M® R.F.BLAKE ON BENZYL PHOSPHINES. 
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XVI.—On the Anatomy, Histology, and Affinities of Phreoryctes. By Frank E. 
BEeppARD, M.A., Prosector to the Zoological Society of London, Lecturer on 
Biology at the Medical School of Guy’s Hospital. (With a Plate.) 


(Read 18th February 1889.) 


INTRODUCTORY. 


Some time since I received from Mr W. Smirx of Ashburton, New Zealand, a single 
example of a worm belonging to the little known genus Phreoryctes, and published in 
the Annals and Magazine of Natural History for June 1888, a short account of the 
reproductive organs of this worm, for which I proposed the name of Phreoryctes 
Smitha. 

More recently (November 1888) I have received, through the kindness of the same 
gentleman, a large number of specimens of the same species; the study of these enables 
me to offer to this Society a more complete account of the structure of Phreoryctes, 
which is at present very imperfectly known. It will be seen, however, that the present 
paper, though more extended, and dealing with organs to which little or no reference 
was made in my former paper, contains no important correction of facts stated in that 
paper. I have also appended (p. 638) a discussion of the systematic position and 

affinities of Phreoryctes. 


HISTORICAL. 


The genus Phreoryctes was first described by W. HorrMetsTeR, in a paper upon the 
terrestrial Annelida of Germany [A 4,* p. 193]; the specimen was discovered by MENKE, 
and HoFFMEISTER gave it the name of Haplotaxis Menkeana. In this paper the 
worm is compared to Gordius, on account of the thickness of the integument. 
HorrMeEIsteR regards it as intermediate between Gordius and Lumbricus. It is 
stated (erroneously) that the outer rows of setze have vanished ; the inner rows of sete 
consist of simple sete, which are longer than the sete of Lwmbricus, and, instead of being 
hooked at the free extremity, are only slightly bent. A figure is given (pl. ix. fig. 
vii.) of the head, showing the division of the prostomium. 

In his work, “Die bis jetzt bekannten Arten aus der Familie der Regenwiirmer ” 
|A 5], Horrmxtsrer alters the name Haplotaxis to Phreoryctes, since the former name 
had been already applied to a plant. In that work the genus Phreoryctes is thus 
defined :—‘ Zwei Reihen einzelner, gerader Borsten ; riisselférmige Oberlippe; Giirtel 
fehlt; kein Vulva.” 

The species Phreoryctes Menkeanus is briefly re-described and figured. 

The next contribution to our knowledge of this genus is by ScHLorrHauBER [A 9]. 


* These numbers refer to the List of Literature on p. 639. 
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His paper on the subject is reviewed by Leuckart [A 6], ScHLOTTHAUBER proposed to 
alter the name to Georyctes, since the worm lives chiefly in damp soil, and but rarely in 
water. The species described is regarded as different from Phreoryctes Menkeanus, and 
is named Georyctes Lichtensteinii. 

CLAPAREDE, in one of his memoirs upon Oligocheta [A 2, p. 275 |, gave a brief descrip- 
tion, with illustrations, of a worm, which he termed Nemodrilus filiformis, being 
evidently unaware of its identity with Phreoryctes. It is perfectly clear, however, from 
his figure of the head of this worm [A 2, pl. iii. fig. 16], that it agrees with Phreoryctes 
in the division of the prostomium, and indeed the fact is mentioned in the text. Atten- 
tion is drawn to the fact that the setz are isolated, and arranged in four rows ; the dorsal 
setze are stated to be twice as long as the ventral sets, and are figured. The nephri- 
diopores are placed in front of the ventral sete. 

The earliest paper which gives anything like a complete account of the structure of 
Phreoryctes Menkeanus is by Leypie [7]. This paper also contains the first description 
of the genital organs, which are stated to be three pairs of glands situated in segments 
IX.-XI. A fourth pair, however, is figured, as was pointed out by Tim. 

An important contribution to the anatomy of Phreoryctes is that of Timm [A 10], 
This naturalist was the first to investigate the worm by the section method, and he was 
able therefore to add something to Lrypiae’s facts. He confirms the statement of the 
latter that the gonads are in the [Xth, Xth, Xlth, and XIIth setegerous segments (1.¢., 
in the Xth, XIth, XIIth, and XIIIth, as usually reckoned), and describes three pairs of 
spermathece in segments VII., VIII., and [X. Trmm remarks upon the “ Hirudinean” 
character of the longitudinal muscle fibres, which had been only up to that time de- 
scribed in the Enchytreida (by RatTzEL) among the Oligocheta. The genus Phreoryctes 
is treated of by Vespvosxky | A 11] in his System und Morphologie der Oligochaten, pp. 
48-50, where an account is given of the previous literature of the subject. VEsDOVSKY 
describes the species Phreoryctes filiformis which had been already noticed by himself, 
and which he considers to be the same species as those described by ScHLOTTHAUBER, 
CLAPAREDE, and NOLL. 

Dr F. Notu | A 8] described some specimens of this genus which were collected in the 
year 1835 at Riidesheim, on the Rhine, by C. von Heypen. The specimens are to be 
found in the Museum of the Senckenberg Society of Naturalists, labelled Luwmbrico- 
gordius Hartmann. The name Lumbricogordius is evidently given on account of the 
view as to the affinities of the genus held by Horrmerster. No.u names the species 
Phreoryctes Heydeni ; it was met with by him at St Goar, on the banks of the Rhine. 
His paper is illustrated by a plate. 

The next contribution to the anatomy of Phreoryctes is by myself [A 1]. 

The paper contains a brief description of the reproductive organs of a new species of 
the genus which is named after its discoverer, Phreoryctes Smithit. 

Finally, there are two notes by Giarp [A 3] upon the occurrrence of Phreoryctes 
Menkeanus in the north of France, at Douai, and at Boussac (Creux). Grarp remarks 
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in the former paper that the apparent rarity of Phreoryctes Menkeanus is possibly due 
to its having been confounded with Gordius. 


A paper by G. pa Rosst [A 12] I have been unable to see. 


DescripTion OF Pareorycres Smiruu, F. E. B. 
Mode of Infe. 


The first specimen of Phreoryctes Smithi which Mr Smita forwarded to me was found 
in marshy soil coiled into a ball with a number of others. The second lot of specimens 
were found by that gentleman in a forest pool; in the bottle which contained these were 
a quantity of smaller worms, which had much the same appearance as the Phreoryctes. 
Mr SmitH conjectured that they might be young individuals of that species. They turn 
out to be a species of the genus Jamnodrilus, but I have not yet determined whether they 
constitute a new species of that genus, or whether they are referable to one of the forms 
already known. 


Phreoryctes Smuithii, therefore, like the other species of the genus, can live in water 
or in moist earth. 

The specimens from the forest pool were very much larger than those which I received 
at first; the length of the longest specimen was about eight inches and the thickness 


one-fifteenth of an inch. They were nearly all sexually mature, and had a well-developed 
clitellum. 


External Characters. 


The large size of this species, both as regards length and breadth, appear to distinguish 
it from both Phreoryctes Menkeanus and Phreoryctes filiformis. It is true that the 
former species has been found to grow longer, but its thickness is inconsiderable. The 
measurements of Phreoryctes filiformis are given by VEspovsky [A 11, p. 49], as 10 to 
14 cm. in length by ¢ to 1 mm. in breadth. My former statement therefore [A 1, p. 
389], that this species is not so elongated as either of the other two species at present 
known, is justified by the study of these larger individuals. 


Seta. 


In the other two species of Phreoryctes—viz., Phreoryctes Menkeanus and 
Phreoryctes filiformis—the sete have been described as showing a very remarkable 
arrangement ; of both of these species it has been stated that each segment possesses 
only four sete, disposed in four rows; when, as very occasionally happens, one of these 
set 1s supplemented by another, the latter is to be looked upon as a “ reserve seta” 
according to VEJDOVSKY [A 11}. 

Phreoryctes Smithii can at once be distinguished from these two species by the 
urangement and number of the setw#. They commence, as in all Oligocheta, on the 


| 
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second segment, and are disposed in four longitudinal rows ; but there are invariably two 
closely approximated sets in both the dorsal and ventral rows. The second seta does not 
in any way suggest the idea of its being a “reserve seta ;’ indeed, in several cases 
‘* reserve setze,” more or less immature, and to the number of two, were present in addition 
to the fully formed and functional sete. 

The setze are implanted so as to divide the circumference of the body into four areas ; 
the distance, however, between the ventral pairs is less than that between the dorsal and 
ventral pair of one side, and the distance between the two dorsal pairs. In fact, the 
diagrammatic transverse section illustrating my previous note upon this worm [A 1, pl. 
xxiii. fig. 7 |, proves to be not quite correct when checked by my subsequent observations 
upon other examples. The arrangement of the sete, therefore, in Phreoryctes Smithu 
brings the genus nearer to the Lumbriculide, when there are four rows of pazrs of sete. 

Another point in which Phreoryctes Smithi differs from the other species of the 
genus is in the shape of the sete. 

In both the other species the shaft, the portion implanted in the body-wall, is 
straight; this is shown in the figures, e.g., of Timm and CLAPAREDE and VEJDOVSKY. 
In Phreoryctes Smithit this is not the case; the sete are bent throughout, and have the 
shape so characteristic of the setee of the Oligochzeta (vide Plate, fig. 6). 

In their shape, therefore, as well as in their number and arrangement, the sete of 
Phreoryctes Smitha are much more like those of the Lumbriculide than are the sete of 
Phreoryctes Menkeanus and Phreoryctes filiformis. On the other hand, the present 
species agrees with the others in the fact that the dorsal sete are much larger than the 
ventral. Fig. 6 is drawn with the aid of the camera lucida, and therefore illustrates 
accurately the relative sizes of the dorsal and ventral sete. This difference is not, 
however, obvious on the anterior segments of the body. 

Absence of Genital and Penal Sete.—It is important to put on record the fact, that 
in the neighbourhood of the reproductive apertures there is no modification whatever 
of the sete. It is not possible to state with absolute certainty that Phreoryctes has no 
genital sete, but it is at least highly probable that this is the case. This again is a 
point which bears upon the affinities of the genus. Most Oligochzta show some modifica- 
tion of the setz on the genital segments, but this is apparently not so with, e.g., the 
Lumbriculide, which family Phreoryctes, as has been already pointed out, resembles in 
other particulars. 


Body - Wall. 


Phreoryctes Smith does not differ from the other species of the genus in the 
structure of the body-wall ; I have, therefore, but little to say under this head. 
The epidermis (see fig. 12) is like that of Zwmbricus and many other Oligocheta 


in the specialisation of its cells into large glandular cells and narrow interstitial packing 
cells. 


The relative thickness of the two muscular layers is shown in fig. 12. 
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Clitellum. 


In the majority of my specimens the clitellum was developed. The position of the 
clitellum in this genus has not been hitherto known ; and, as this organ is of some little 
importance in the classification of Oligocheta, it is particularly desirable to have some 
information upon the point. The clitellar region was obvious, in all the specimens which 
had reached that degree of maturity, by its swollen distended appearance and whitish 
colour. The swollen appearance and the white colour are, however, due not so much to 
the modification of the integument in this region of the body, as to the mass of generative 
products, principally spermatozoa, which are developed in these segments, and cause them 
to be considerably distended. The comparatively slight increase of thickness in the 
epidermis of the clitellum, as compared with the epidermis over the general body-surface, 
is not sufficient to distinguish this part of the body when examined without the aid of a 
microscope. When the body is slit open, and the integument examined microscopically, 
the extent of the clitellum is quite obvious; it extends over three complete segments 
and the part of a fourth; the posterior boundary of the clitellum coincides with the 
furrow separating segments XIII.—XIV.; anteriorly the clitellum is not so sharply 
defined ; it commences on segment X. at or near the sete. 

The clitellum of Phreoryctes Snuthi, therefore, occupies three segments and a portion 
of a fourth, commencing on the Xth, and ending at the posterior border of the XIIIth 
segment. 

It forms a complete girdle round these segments, 7.e., there is no ventral space not 
invaded by the glandular modification of the integument. 

The clitellum, therefore, includes all the apertures of the generative ducts, which are 
thus in the strictest sense “ intraclitellian.” 

The minute structure of the clitellum was investigated by longitudinal sections as 
well as by an inspection of the entire clitellar area mounted in Canada balsam unstained. 
Preparations of the latter kind showed that the epidermic cells were greatly modified 
upon the clitellum; the cells were filled with rounded, highly refractive bodies; in 
sections the cells were seen to be considerably longer than the epidermic cells elsewhere ; 
but there was no trace in my preparations of more than a single layer of cells. It is 
important to notice this fact, because, if anything could be said in favour of the old 
division of Oligochzeta into Oligocheta limicole and Oligoche taterricole, it is that the 
structure of the clitellum is markedly different in the genera assigned to the one group 
from what it is in genera assigned to the other group. In earthworms it appears to be the 


rule, and as far as we know at present, without any exceptions, that the clitellar epidermis — 


consists of two more or less distinct strata; on the contrary, in all the aquatic and other 
genera which have been referred to the Limicole, the clitellar epidermis only consists of 
one layer. I take this opportunity, however, of pointing out this structural difference 
between the “ Limicole” and “ Terricole,” as I have not noticed any prominent statement 
of the facts as an argument in favour of the above mentioned classificatory scheme. 
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This distinction may not, however, be so important as it at first sight appears to be ; 
and in any case we have as yet no information as to the condition of the clitellum in 
Moniligaster, a genus which shows so many important resemblances to certain Limicolous 
genera, though undoubtedly an earthworm. In the minute structure of its clitellum, 
Phreoryctes seems to agree pretty closely with Rhynchelms, as described by 
Vespovsky | B 3}. 


Vascular System. 


The vascular system of Phreoryctes Smithii consists, as in the other two species of 
the genus, of a dorsal and ventral trunk, which are united by transverse branches. 

Fig. 7 illustrates the arrangement of the vascular trunks in some of the posterior 
trunks. It will be seen that the dorsal and ventral vessels are here connected in each 
segment by a transverse pair of trunks which do not pass straight from the dorsal to the 
ventral vessel, but have a very sinuous course. The coils of these lateral vessels are not, 
however, so complicated as in the anterior segments, and their calibre is also less. These 
vessels, moreover, are not invested by a thick sheath of peritoneal cells like the anterior 
lateral trunks. The vascular trunks of these posterior segments are precisely like those 
of Phreoryctes filiformis, as described and figured by Vespovsky [A 11, pl. xii. figs. 
8,9]. In Phreoryctes Menkeanus the lateral trunks are only connected with the ventral 
vessel; they arise from the latter, and pass round the circumference of the ccelom for a 
considerable distance, but do not join the dorsal vessel. 


Reproductive Organs. 


In my previous paper upon the anatomy of Phreorytes Smithu, I was able to describe 
the testes and the ovaries as well as the efferent ducts. The specimen described in that 
paper was not fully mature, and I could find therefore no trace of the sperm-sacs and 
ovisacs, of which an account is given in the present paper. 

The testes are, as stated before, two pairs situated in segments X. and XI.; they are 
not, however, of a simple conical form in the fully developed worm, but prolonged into 
several processes ; the digitate shape is due to the rapid and unequal proliferation of the 
testicular cells. The genera Lumbricus and Allolobophora (among others) have been 
distinguished by the form of the testes, which have been figured as of conical form in the 
one, and digitate in the other ; it is very possible that this difference does not really exist, 
but that it is merely due to the stage of development at which the organs have been 
studied ; such a difference occurs at any rate in Phreoryctes. 


Vasa Deferentia. 


There are two pairs of these ducts, which open independently of each other on to 
segments XI. and XII. 


> 
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I find that I have not described their actual orifices with complete accuracy in my 
former note upon this species. 

The first pair of vasa deferentia do indeed open near to the ventral pair of setz 
between these and the dorsal pair, but the second pair are a little different. The vas 
deferens of each side is much shorter, and opens well in front of the ventral pair of setz 
of the XIIth segment, though behind the groove which separates this segment from the 
XIth; that there is really this somewhat unexpected difference between the two pairs 
of vasa deferentia I have been able to prove by longitudinal sections, which are much 
better than transverse sections for demonstrating such a point. In preparation of the 
worm, mounted entire in Canada balsam, some of the orifices of the sexual ducts were 
quite conspicuous. One of three such preparations which I have shows the external 
pore of the oviducts, and of the posterior pair of vasa deferentia ; in all three cases the 
orifices are situated on a line with and in front of the ventral sete; the oviducal 
pores are placed further forward than the male pore—in fact, on the intersegmental 
furrow. 

Although out of the three specimens, in which I have examined the vasa deferentia, 
only one showed with perfect plainness the apertures of both pairs, the position of the 
anterior and posterior pairs respectively in each of the two remaining specimens leaves 
no doubt upon my mind that fig. 1 of the Plate is a correct representation of the position 
of the generative pores. 

The terminal section of the vas deferens is lined with a chitinous membrane; this 
fact is not mentioned in my former paper; I remark upon it here as it is a further 
point of similarity between the vasa deferentia and oviducts, which latter are also 
furnished with a chitinous lining distally. In my former paper I was only able to 
urge the great probability of the genus Phreoryctes being typically provided with four 
pairs of gonads and four pairs of independent ducts. I am now able to state this fact 
with certainty. 

The adult ova (fig. 11) are of very large size; the relation between their diameter 
and that of the body of the worm is shown in the figure cited.. A comparison of this 
section with a corresponding one of Clitellio arenarius {Bepparp, B 1] shows that in 
that species the ova are of the same relative size as in Phreoryctes; they are therefore 
actually smaller in Clitellio, The larger size of the ova of Phreoryctes is due to the 
great abundance of yolk, which is present in variously-sized spherules. The ovum is 
bounded externally by a fine homogeneous membrane; it possesses a larger deeply 
_ Staining nucleus, within which is a nucleolus. VespovsKky [B 4] has recently published a 
careful description of the ripe ovum of Rhynchelmis. He remarks that the size of the 
mature ova vary according to the size of the individuals in which they are found, the 
largest worms producing the largest ova. I have pointed out myself that the relative 
size of the mature ova of,Clitellio and Phreoryctes is about the same ; it is not, therefore, 
a distinction of any importance that the mature ova of Phreoryctes are larger than those 


of the Tubificidee (Clitellio). 


> 
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AFFINITIES OF PHREORYCTES. 


Before discussing the affinities of Phreoryctes to other Oligocheta, it is necessary to 
inquire the relations of the present species to Phreoryctes Menkeanus and Phreoryctes 
filvformis ; this it is a little difficult to do satisfactorily, inasmuch as our knowledge of 
the reproductive organs of these two species is very meagre; and generic and family 
distinctions are chiefly based upon variations of the reproductive system. With regard 
to Phreoryctes fiiformis, Vespovsky | A 11] is unable to make any statements whatever 
about the reproductive organs; he did not discover a trace of these organs in that 
species. Of Phreoryctes Menkeanus we know something about the gonads and the 
spermathece ; the only investigators who have discovered these organs in Phreoryctes 
Menkeanus are Leypic {A 7] and Timm [A 10]; according to Timm, there are three 
pairs of spermathece situated respectively in segments VI., VII., and VIII.; these organs 
seem to be distinguished by their extraordinarily thick muscular walls. Both observers 
agree that there are four pairs of gonads, considered to be testes, situated in segments [X., 
X., XI, XII. Vespovsxy [A 11] has remarked that in all probability these supposed 
testes are in reality both testes and ovaries. Both Lrypic and Timm failed to find any 
generative ducts; and Timm supports the view of Lrypic that the nephridia of the 
genital segments serve as efferent ducts. Although these descriptions are incomplete, 
they are, I think, sufficient to point to the conclusion that my species is a congener of 
Phreoryctes Menkeanus. It is so very rare among the Oligocheta for there to be four 
pairs of gonads (two pairs of testes and two pairs of ovaries), that this fact of agreement 
alone appears to demonstrate the generic identity of the two forms. 

The difference in position of the gonads, commencing as they are stated to do in the 
[Xth segment in Phreoryctes Menkeanus and in the Xth segment in Phreoryctes 
Smitha, is due to a difference* in the way of enumerating the segments of the former 
species. 

The reason why neither LEypic nor Tum succeeded in discovering the reproductive 
ducts, may have been the extreme difficulty of seeing these structures in immature 
specimens. I have already pointed out that the funnels are made up of only one layer 
of cells closely pressed against the septum, and as the duct opens close to the posterior 
side of the same septum, there is no great length of vas deferens to attract the eye in 
transverse or longitudinal sections. It is perhaps more probable that in the specimens 
studied by Leypic and Timm they were even more rudimentary than in the specimen 
originally described by myself. That this was the case is rendered likely by the 
occurrence of nephridia in these segments, which, as we know from the discoveries of 

VEJDOVSKY, are present, in aquatic Oligocheta, in the genital segments before the 
- generative ducts make their appearance; when the vasa deferentia and oviducts are 
developed the nephridia of their segments atrophy and eventually disappear. 


* In this paper I count the peristomial segment as the first segment. 
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The difference in the number of the spermathecee may well be only of specific value, 
although such a difference is not usual among the aquatic Oligocheta. 

These facts, coupled with the division of the prostomium by a transverse furrow, 
which is not found in any other Oligocheta that 1 am aware of, though it appears to be 
met with in the Capitellide, and the complicated structure of the longitudinal muscle 
bundles (ef: Plate, fig. 12, with Timm [pl. x. fig. 12]), lead me to regard the generic 
identity of the present species with Phreoryctes Menkeanus as established beyond any 
reasonable doubt. 

The salient facts in the anatomy of the genus Phreoryctes are then the following :— 

1. The body is extremely elongated, sometimes reaching a foot in length, while the 
diameter is very small. 

2. The prostomium is divided into two by a transverse furrow. 

3. The sete are simple, not bifid; they are disposed in four rows of single sete, or of 
pairs of setee. 

*4, There are no genital or penial seta. 

*5. The clitellum occupies 3 to 4 segments from the Xth to the XIIIth; its epidermis is 
formed by a single layer of glandular cells, differing from the epidermis of the general 
body-surface by their glandular character and greater length. 

6. The structure of the longitudinal muscles (Plate, fig. 12). 

*7, The nephridia commence in the sexually mature worm in the XVIth segment. 

8. There are two pairs of testes in the Xth and XIth segments. 

9. Two pairs of vasa deferentia opening in to the exterior upon the XIth and XIIth 
segments in front of the ventral sete, and opening by wide, simple (not plicated) funnels 
into the Xth and XIth segments. 

10. Two pairs of ovaries in segments XII. and XIII. 

11. Two pairs of oviducts opening into the exterior on segments XIII. and XIV. 
near to the lower line between these segments, and the one in front on a line with the 
ventral setez. The oviducts open by wide simple funnels into the interior of segments 
XII. and XIII. The structure of these organs is exactly that of the vasa deferentia. 

*12. Both series of ducts have the distal region lined with a chitinous membrane 
indicating (?) their origin from an ectodermic invagination. 

*13. The developing spermatozoa are contained in sperm-sacs, which occupy 
segments 9 to 14 (about). 


*14. The ova, which are when adult of very large size, undergo their development 


in egg-sacs, which occupy segments 14 to 16 (about). 


15. The spermathecs are present to the number of from two to three pairs in 
segments VII., VIII. (and IX.). 

These characters distinguish the genus from any that is known, and quite justify its. 
place as the type of a distinct family, to which position it is assigned by Ciaus and 
VEJDOVSKY [A 11], Its relation to other families of Oligocheta are not, however, so clear. 


* The asterisks signify that the statements to which they are appended are made for the first time in the present paper. 
VOL. XXXV. PART II. (NO. 16). 0K 
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Vespovsky [A 11, p. 163] considers that it is most nearly related to the Tubificide 
(Limnodrilus). This conclusion was arrived at without any knowledge of the reproductive 
ducts which were at that time unknown; their discovery renders that particular view of 
the affinities of Phreoryctes less satisfactory than it would otherwise be. | 

It is also important to notice that in some respects the reproductive ducts of the 
adult Phreoryctes recall those of immature forms of other Oligochzta. For example, in 
Tulifex, the development of whose reproductive organs has been carefully worked out by 
Vespovsky [A 11], the atrium, which forms so important a part of the adult efferent 
system, is very inconspicuous to begin with. In the young Tubifex[A 11, pl. ix. fig. 
18] it is represented by a very small dilatation, and the vas deferens itself is a short 
straight tube without any trace of the complicated windings which characterise the vas 
deferens of the sexually mature Tubifex. I have, myself, pointed out that in Clitellio 
arenarius [B 1] the vas deferens is at first short and straight, and afterwards becomes 
much longer and coiled several times, though its windings are never so complex as those 
of Tubifex. Psammoryctes [| Vespovsky, A 11, pl. x. fig. 17] is another instance to the 
point. 

A comparison between the vasa deferentia of the adult Phreoryctes and those of the 
young Tubifex, Clitellio, &c., is not vitiated by the suggestion that the resemblance is a 
purely superficial one, brought about by the fact that the more complicated vasa deferentia 
of Tubifex and Clitellio must necessarily pass through a stage such as that described ; 
that it is merely “‘ the way they develop,” and is void of any significance, just as some 
naturalists have attempted to show that the Nauplius is of no phylogenetic significance, 
inasmuch as a Crustacean with nineteen pairs of appendages developing progressively 
must pass through a stage in which there are only three pairs. 

In the case of the vasa deferentia there does not appear to be any a priorz reason 
why the course of development should be as described, unless it has a phylogenetic 
significance. The nephridia of Tubifex, whose development VEsDOvsKY has also worked 
out, form a series of loops nearly as complicated as those of the adult before the con- 
nection with the distal vesicle is established | cf. A 11, pl. ix. figs. 1, 2], 

BerGa’s [ B 2] observations upon the developing nephridia of Criodrilus are, as regards 
this point, confirmatory of the. statements of VEspovsKy ; the nephridia arrive at some 
degree of complication before the external orifice is formed. Arguments of this kind, 
however, will not, in my opinion, apply to the atrium; the appearance of this organ in 
many Oligochzeta before the development of the vasa deferentia, and its almost universal 
presence and large size, indicate that it is a very characteristic organ in this group. Its 
full development, therefore, in Phreoryctes is not to be compared with the full develop- 
ment of the atrium in the mmature Tubsfex, but is due to degeneration. 

The reproductive organs of Phreoryctes are, therefore, to be regarded as being on the 
whole archaic in characters, but to have undergone some modification in the nearly 
complete disappearance of the atria. 


It follows, from what has been said in the foregoing pages about the reproductive 
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organs of the Oligocheta, that Phreoryctes stands midway between earthworms and the 
majority of those forms which were formerly grouped together as Limicole. It has 
retained the paired testes and vasa deferentia of the former, while the vasa deferentia 
are shortened ; the paired ovaries and oviducts of Phreoryctes are represented in a few 
earthworms, but not in the lower aquatic Oligocheeta. 

The clitellum again is more extensive than is the case with the lower forms, though 
as in them it consists of but a single layer of cells. 

The paired sete: with simple hooked (not bifid) extremities are characteristic of the 
higher Oligochzeta and of Phreoryctes. 

The structure of the body-wall in Phreoryctes, as regards the longitudinal muscular 
layer, is more like that of earthworms. 

On the other hand, the sperm-sacs and ovisacs as well as the large size of the ova, 
recall the Tubificidse and other families of aquatic or limicolous Oligocheeta. 

Phreoryctes must therefore be regarded as occupying a position at about the middle 
of the series; it has retained some of the characteristics of earthworms, but has in other 
respects acquired the simpler structure of the aquatic Oligocheta. | 

It is, in fact, one of those forms which render a division of the Oligochzta into two 


groups, “ Iimicole” and “‘ Terricola,” impossible ; it could not be definitely referred to 
either. 
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EXPLANATION OF PLATE. 


Fig. 1. Lateral view of Phreoryctes Smithii (anterior segments), to illustrate the principal external 
characters. cf, orifices of spermatheca; ¢, male; §$, female generative apertures; 
el, clitellar segment. | 

Fig. 2. Longitudinal section through genital region. ¢, testes; vd, vasa deferentia; 0, ovaries ; 
od, oviducts ; sp, intersegmental septa. 

Fig. 3. Longitudinal section through oviduct. ch, chitinous membrane lining orifice of duct. The 
cells here are not ciliated. 

Fig. 4. Spermatheca as seen on a dissection of the worm. sp, spermatozoa in its interior, 

Fig. 5. Transverse section of spermatheca. 6, clumps of granules secreted by cells, and serving 
to agglutinate together the spermatozoa; n, nuclei; a, muscular sheath. 

6. Sete. a, of dorsal; 0, of ventral pair, drawn to scale. 

Fig. 7. View of four segments in the posterior region of the body, to illustrate the vascular trunks. 
d, dorsal vessel; v, ventral vessel; n, nerve cord, 

Fig. 8. Transverse section of one of transverse vessels of anterior segments. ¢, epithelium lining 
the vessel, 

Fig. 9. Longitudinal section of one of the transverse vessels of anterior segments. m, muscular coat. 

Fig. 10. One of transverse vessels of third segment. jp, peritoneal cells forming a thick coating 
round the vessel. | | 

Fig. 11. Section through 14th segment. a, ripe ova; n, their nuclei; sp, intersegmental septum ; 
os, wall of egg-sac, 

Fig. 12. Section through body-wall to illustrate proportionate thickness of ¢, epidermis; m’, trans- 
verse muscular layer; m, longitudinal muscular layer. 
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XVIL—On the Placentation of Halicore Dugong. By Sir Wm. Turner, M.B., LL.D., 
D.C.L., F.R.SS.L. and E., Professor of Anatomy in the University of Edin- 
burgh. (Plates II., IT.) 


(Read 1st July 1889.) 


Comparative anatomists have long desired detailed information on the placentation 
of the Sirenia. It is true that in 1878 Dr Paut Hartine presented to the University of 
Utrecht a graduation thesis,* in which he described the foetal membranes and foetus of a 
Dugong, which had been acquired a short time before for the Zoological Museum of that 
University. The specimen had been preserved for many years in spirit of wine, and had 
apparently been collected by a surgeon to a merchant ship. The foetus was 27°8 centi- 
metres (11 inches) long. The entire chorion, with the exception of the two poles and 
their immediate vicinity, was covered by densely packed, short and but little branched 
villi, and Dr Hartine came to the conclusion that the placenta of the Dugong was 
diffuse and non-deciduate. 

Dr Hartine’s description and drawings, though satisfactory as far as the material at 
his disposal would admit, were incomplete, owing to the absence of the uterus. The small 
size of the foetus, in relation to the magnitude of the adult animal, also made it possible 
that the diffused arrangement of the villi over so large a part of the surface of the 
chorion represented an early stage in the placental formation in this animal, and that 
some modification might arise in a later stage of intra-uterine development. I have, 
accordingly, been very desirous to acquire the gravid uterus of the Dugong, and if possible, 
at a more advanced stage of gestation than in the Utrecht specimen. In my endeavours 
to obtain such a specimen, I was fortunate to enlist the sympathy of my friend and former 
pupil Dr AnpEerson Stuart, Professor of Anatomy and Physiology in the University 
of Sydney, N.S.W.; who, on hearing that C. W. pg Vis, Esq., M.A., the Curator of 
the Queensland Museum, Brisbane, had a gravid uterus of the Dugong in his possession, 
which he had received from the Moreton Bay fishers, wrote to ask if it could be sent to 
me. Mr ve Vis with the greatest courtesy acceded to this request, and the specimen 
reached me in good order in the month of May of the present year. I wish to express 
my indebtedness to Mr px Vis for having so generously placed at my disposal a specimen 
of so much rarity and value. 

The gravid uterus had been preserved in spirit sufficiently strong to have kept it in 
good condition, but not so concentrated as to needlessly contract the tissues. With the 
exception of two or three cuts of no great size, it was uninjured, though the Fallopian 
tubes had been divided, and the ovaries cut off in taking it out of the abdomen. 


* Het Ei en de Placenta van Halicore Dugong, Proefschrift, 18th February 1878. Utrecht. 
VOL. XXXV, PART II. (NO, 17). 
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Uterus and Maternal Placenta. 


The uterus consisted of two horns, and contained a single large foetus, which was 
situated in the greatly dilated left cornu (fig. 1). This the gravid horn measured along 
its anterior convex surface 4 feet 8 inches in its long diameter, and 3 feet 3 inches in its 
greatest girth. It was curved upon itself, so that the part which reached the corpus uteri, 
where the head of the foetus was situated, approximated to the tubal end of the cornu 
occupied by the tail of the foetus.. It was invested in the usual way by peritoneum, which 
membrane passed off from it as a broad ligament. The right cornu contained no feetus, 
and that part which was free and surrounded by the broad ligament of peritoneum was 17 
inches long: at its tubal end it was attenuated, but widened somewhat as it approached 
the gravid left cornu, with the wall of which, as was afterwards recognised when the 
uterus was opened into, its wall became closely attached for an additional length of 
10 inches. | 

The gravid horn was opened into by an incision along its convexity, extending from 
its tubal end to the corpus uteri. The gravid horn communicated freely with the corpus 
uteri, the commencement of which was differentiated by a strong fold of mucous mem- 
brane. The mouth of the non-gravid horn was also differentiated by a sharp fold of 
mucous membrane from the corpus uteri, and the extended hand could readily be passed 
into that part of the non-gravid horn already referred to, as closely attached to the wall 
of the gravid cornu. The bottom of this dilated portion opeued into the lumen of the 
more attenuated part of the non-gravid horn, which barely admitted the tip of a finger. 
The corpus uteri was 114 inches long; the hand could readily be passed along it for 
several inches, when it became somewhat constricted. Further back it again dilated, and 
the mucous lining, instead of being almost smooth, as in the part of the corpus uteri 
next the cornua, was elevated into distinct longitudinal folds, the best marked of which 
were 0°5 inch in depth. In the intervals between these folds were some transverse and 
oblique folds much less projecting, which gave to this part of the uterus an appearance 
something like that of the mucous lining of a cervix uteri. This part of the uterus 
contained an inspissated secretion. The posterior end of the cervix-like corpus uteri 
communicated by an os with the vagina; the inferior lip of the os projected more than 
the superior ; and the os itself admitted two fingers. The vagina was 10 inches long and 
534 inches broad. It was lined by a mucous membrane which was longitudinally folded 
near the os, but further back the folds were oblique and transverse. The urinary bladder 
and urethra were attached to the inferior wall of the vagina. © The contracted bladder was 
only 3 inches broad by 2} inches high, and the pair of ureters opened into its vaginal 
surface. 

The wall of the gravid cornu was much thinner than that of the non-gravid horn, 
in the latter of which the muscular coat greatly exceeded in thickness the corresponding 
tunic in the gravid horn. The mucous lining of the gravid horn had especial interest in 
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connection with the formation of the placenta, and to the characters of this I shall now 
direct attention. 

The larger part of the mucous membrane lining the gravid horn was smooth on the 
surface, and with no trace of crypts or depressions visible to the naked eye. The surface 
was indeed, in a large part of that area which corresponds to the back and sides of the 
foetus, so smooth as to be almost polished, and with no appearance of succulency, which 
may perhaps in part be due to the hardening action of the spirit in which the uterus had 
been preserved. Near the mouth of the left tuba, which opened into the horn under 
cover of acrescentic fold of mucous membrane by an orifice large enough to admit a 
small surgical probe, the mucous membrane was thrown into folds, and without crypts, 
and some transverse folds were seen in the mucous lining placed opposite the belly of the 
foetus. A broad zone of mucous membrane situated towards the left end of the gravid 
horn presented very different characters, and constituted the maternal placenta. It was 
differentiated from the smooth mucous membrane on each side by a sharp, sinuous margin, 
the left border of which was nearly 8 inches from the opening of the left Fallopian tube, 
whilst the right border was between 2 and 3 feet from the corpus uteri. The zone was 
nearly 1 foot in breadth in the anterior convex part of the horn, and about one-half that 
breadth at its concavity. It was thick and succulent, more especially along the concavity 
of the cornu, where it was elevated into folds, and it was much more vascular than the 
smooth area of the mucous membrane on each side of it. It corresponded in form and 
relative position to a similar zonary band on the chorion. The two zones had indeed 
been closely adapted to each other, but in the handling and shaking to which the uterus 
had been subjected in its removal from the animal and its long journey before it reached 
me, they had become detached. When I opened into the cornu therefore the zone in 
the uterine wall was readily drawn away from the chorionic zone. 

I then proceeded to examine the mucous membrane of the uterus in the smooth 
region beyond the margins of the zonary placenta. With a simple lens the free surface 
was seen to be very faintly wrinkled, and at distant intervals there were faint depressions 
such as might be made from the pressure of the head of a minute pin. The mucous 
membrane was easily removed from the muscular coat by tearing through the submucous 
areolar tissue. When flakes of this membrane were dissected off and placed on a glass 
slide and soaked in glycerine, they became sufficiently translucent to enable one to see, 
with the use of low powers of the compound microscope, the arrangement of the tubular 
glands of the uterus. The mouths of the glands were observed to open at intervals on 
the surface of the mucous membrane, and the direction of the opening was invariably 
oblique (fig. 5). From its mouth the gland tube could be traced obliquely through the 
mucous membrane into the submucous coat. As a rule, the tube was dilated close to 
the mouth, it then diminished in calibre and became cylindriform, and ran for some 
distance as a straight unbranching tube. The tube then bifurcated, and became some- 
what tortuous; the branches of bifurcation sometimes but not always branched, and 
each terminal branch ended with a closed rounded end. The distinctness of the gland 
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tubes varied according to the condition of their epithelial contents. When the cells 
were granular, they and the tubes were more distinct than when the cells had a clearer 
protoplasm. In the field included by a one-inch objective, it was quite exceptional to 
see more than the mouth of a single gland. The glands were relatively of consider- 
able length, from 4+ to 4 (7 mm. to 13 mm.) inch, and occupied an area corresponding to 
three or even four times the diameter of the field, covered by a one-inch objective, and 
as in their course they passed very obliquely from the gland mouth, the mucous 
membrane required to be stripped off in flakes of half an inch in diameter, in order to 
obtain a view of the whole length of a gland. Vertical sections made through the thick- 
ness of the mucous membrane also threw additional light upon the arrangement, and 
enabled one to see the form and characters of the glandular epithelium. In these 
sections the glands were divided sometimes longitudinally, at others obliquely, at others 
transversely, and the segments occupied different planes in the vertical diameter of the 
section; but as the glands were not numerous the segments seen in any given section 
were few, and were separated from each other by relatively broad areas of inter- 
glandular connective tissue (fig. 6). 

As the histological characters of the mucous membrane had been well preserved, the 
form and arrangement of the glandular epithelium could be seen without difficulty. In 
the greater part of the gland-tube the cells were not sufficiently elongated to be called 
columnar epithelium, but were for the most part cubical in form, though some might be 
called polygonal (fig. 8). They were arranged in a single row, and were in part attached 
to the wall of the gland-tube, though in some sections they had become detached from 
the wall and formed clusters of cells lying loose in the lumen. The cells were nucleated, 
and the protoplasm as a rule was granular and opaque. The dilated part of the gland in 
proximity to the mouth was, however, lined by more elongated cells, which could very 
properly be called columnar epithelium. At the gland-mouth itself the cells were not 
distinct, but seemed to be broken down into a formless débris (fig. 7). 

The interglandular connective tissue was also examined. The bundles of this tissue 
were for the most part arranged parallel to the plane of the free surface of the mucous 
membrane, and the membrane had consequently a tendency to split into layers running 
in the same direction. This tissue was loaded with corpuscles, especially in its more 
superficial layers, and, as I have seen in the mucous membrane of many other gravid uteri 
which I have examined, the corpuscles varied in appearance. A large number, and those 
more particularly in the superficial layers, had the spherical form, the size and the 
nucleated granular protoplasm of leucocytes; and it was not unusual to find them 
arranged in large numbers in rows situated between the bundles of connective tissue 
(fig. 7). From their abundance there can, I think, be no question that they have some 
definite functional import. Other corpuscles, more ovoid in form, had a similar kind of 
protoplasm. But in addition, corpuscles, such as one is familiar with in such rapidly 
growing connective tissue as the mucosa of gravid uteri, were seen in large numbers. 
They were most distinct in the deeper layers of the mucosa, where the leucocytes were 
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less abundant, and they had the appearance of fusiform, caudate, or stellate cells. 
Divided blood-vessels were also not unfrequently met with; sometimes they were empty 
and contracted, at other times the lumen was occupied with red blood corpuscles; the 
former were presumably arteries, the latter veins. 

As regards the relations of the glands to the interglandular connective tissue, the 
gland wall was usually separated from the surrounding tissue by an interspace (fig. 7), 
which may, perhaps, be a lymph channel. The connective tissue bounding such an 
interspace externally was usually a well-defined bundle arranged in a definite manner 
around the gland-tube. 

I then proceeded to examine the placental zone of mucous membrane from which the 
chorion had been detached. In the first place, I used only a simple lens, and with it went 
carefully over the free surface of the zone, which had a spongy character; for it was 
perforated by minute orifices, many thousands in number. They were circular, sub- 
circular, or polygonal in outline, and were closely crowded together, being separated from 
each other by delicate bands of mucous membrane (fig. 10). These openings communicated 
with crypt-like depressions in the maternal placenta in which the chorionic villi had been 
lodged. The form and arrangement of these crypts was determined when vertical 
sections through the placental zone were made and examined. Interspersed at intervals 
amidst these minute orifices were somewhat larger openings distinctly visible to the naked 
eye, and with the mouth opening obliquely on the free surface of the placental zone (fig. 
10a). In many of these larger openings the end of a longer chorionic villus was inserted, 
and as the base of the villus had torn away from the chorion in the act of separation of the 
foetal placenta, these longer villi were left attached to the maternal part of the placenta. 
A careful survey of the whole surface of the zone showed only three patches devoid of 
crypts, the largest of which was 1? inch in length by 1 inch in breadth, whilst the 
smallest was 9 mm. by 5 mm., and it is possible that these may have been due to the 
abrasion of the crypts from the surface. 

The crypt-like or spongy layer of the maternal placenta varied in thickness from one- 
third of a millimétre to nearly one millimétre. When vertical sections were made through 
it, and examined with a magnification of 60 diameters, the crypts were seen to pass from 
their orifices on the free surface, usually with a considerable obliquity either as far as or 
almost as far as the attached surface of the crypt layer. As a rule, they were elongated 
and tubular, and conformed to the shape of the chorionic villi which they had originally 
contained. Opening into them were smaller secondary crypts, which were cut across in 
the sections, so that the spongy character was not limited to the surface, but prevailed 
throughout the entire thickness of the crypt-layer (figs. 11, 12). The crypts and their 
subdivisions were separated from each other by slender and delicate bands of the mucous 
membrane. The crypts were lined by an epithelium, the cells of which were in part in 
apposition with their walls, and in part had become detached, and were lying loose in their 
cavities. Under higher powers, it was seen that the cells varied in shape; some were 
longer in one diameter than in the opposite, though the elongation was not so great as to 
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lead one to call them columnar ; the majority were, however, irregular in shape, and with 
angular outlines, so that they may appropriately be called polygonal cells. The cells were 
nucleated, and as a rule the protoplasm was granular; they were stained a pinkish tint 
with picro-carmine. It was obvious, therefore, that the crypts possessed a distinct 
epithelial lining. Occasionally I obtained in a section a view of one of the larger crypts, 
to which I have referred in my description of the surface of the maternal placenta. It 
was seen to pass very obliquely and considerably deeper into the mucosa than was the 
case with the smaller crypts, for not only was it wider than they, but it was also three or 
four times longer, and extended obliquely and subjacent to the more superficial crypt- 
layer. In some sections the largely dilated bulbous end of one of the longer villi was 
seen to occupy the interior of a deeper crypt (fig. 11). These deeper crypts also 
possessed small secondary crypts branching off from them, and both were lined by an 
epithelium similar to that found in the shorter crypts already described. It is possible 
that these deeper crypts were the dilated mouths of the uterine glands opening on the 
free surface of the maternal placenta, but it was difficult to trace a gland-tube opening 
directly into any one of them, though in one section (fig. 12) the gland came close up 
to the deep crypt, and seemed as if it might have opened into it. If such were their 
nature, then a few of the chorionic villi, somewhat larger in size than the rest, occupied 
with their free ends the dilated mouths of the gland-tubes. The great bulk of the villi 
had been, however, lodged in the thousands of smaller crypts already referred to, which 
were not the mouths of glands, and indeed were quite independent of them, for they were 
situated in the interglandular portions of the mucous membrane, delicate bands of which 
formed their walls. | 

Subjacent to the crypt-layer of the mucous membrane of the placental area was the 
glandular-layer, and in it short segments of the gland-tubes could be seen at irregular 
intervals and at different depths (fig. 11). As in the corresponding sections through the 
non-placental area of the mucous membrane, the tubes were divided either longitudinally, 
obliquely, or transversely. The glands were lined by a cubical epithelium, which was 
either attached to the wall or was lying loose in the lumen. In some sections the gland- 
tubes were seen approaching and indeed lying immediately subjacent to the crypt-layer, 
and in the section above referred to a gland appeared as if it might have opened into 
one of the deeper crypts (fig. 12). | 

The connective tissue in the gland-layer contained a large number of corpuscles, 
partly leucocytes and partly those belonging to the connective tissue itself, similar to 
those | have already described in the non-placental part of the mucous membrane. 

An attempt was made to inject the finer vessels of the uterine mucous membrane 
through the uterine veins and arteries, but without success. Although the injection 
passed into the larger trunks, it did not penetrate the smaller arteries and veins, or the 
capillaries, which was doubtless due to the constringing action of the spirit in which the 
uterus had so long been immersed. There can, however, be no question that capillaries 
had ramified freely in the walls of the crypts, and had formed networks similar to those 
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which I have injected, and figured in so many of the other specimens of placentz which 
I have described.* | 
Attention was then paid to the appearance of the mucous membrane lining the non- 
fecundated cornu. The dilated commencement of this cornu was lined by a mucous 
membrane similar in appearance to the non-placental mucosa in the gravid horn. In 
the non-dilated part of the non-fecundated cornu, the mucous lining was partly smooth, 
and partly elevated into slender, low, longitudinal folds. Vertical sections were then 
made through the mucous lining of the non-expanded horn, and examined micro- 
scopically. It was at once seen that the mucosa was much thinner than in both the 
placental and non-placental areas of the gravid horn. The glands were cut across in 
the sections, but the portions of gland-tube thus divided were much more closely set 
together than in the fecundated cornu, and the interglandular connective tissue was much 
smaller in quantity. These differences will at once be recognised by comparing fig. 6, from 
the fecundated cornu, with fig. 9, from the non-fecundated cornu, which are drawn to the 
same scale. The glands in the fecundated cornu were a little larger than those in the non- 
gravid horn, but they resembled each other in the characters of their epithelial contents. 
Whilst in both regions leucocytes, and connective tissue corpuscles were present in the. 
interglandular tissue, it seemed as if in the non-fecundated cornu the leucocytes were 
relatively much less numerous. From a comparison of the membranes in the two cornua 
it is obvious that the great expansion of the mucosa in the gravid horn is very little due 
to dilatation of the glands, but is almost entirely the result of an extraordinary growth 
of the interglandular connective tissue, which has added both to its thickness and super- 
ficial area; so as to accommodate it to the enormous expansion of the horn as a chamber 
for the lodgment of the foetus, of its membranes and the fluids of the amnion and allantois. 
The great growth of the interglandular connective tissue in the mucous lining of the 
gravid horn in the Dugong, is in accordance with the observations which | have pre- 
viously made and recorded on the placenta in many other mammals. 


Fetal Membranes and Fetus. 


The chorion was an elongated sac, bent upon itself, and corresponding in form to the 
gravid horn in which it was contained. Its left pole was in proximity to the left tuba, 
its right pole occupied the horn where it communicated with the corpus uteri. Owing 
to the head of the foetus being directed to the right, this pole of the chorion was more 
capacious than the left pole near which the tail of the foetus was situated. The chorion 
was carefully examined to see if it possessed a diverticular prolongation which had 
occupied the dilated part of the right non-gravid horn, but none was seen. | 

The outer surface of the chorion was smooth and non-villous in much the larger part 
of its area. The villous part was limited to a zonary band, which passed around the 


° See amongst others the Placenta of the Lemurs, in Trans. Roy. Soc. Lond., vol. 166, 1876: that of Orca 
gladiator, in Trans. Roy. Soc, Edin., vol. xxvi., 1871, and of the Grey Seal, Fox, and Cat in the.same, vol. xxvii., 1875. 
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chorion, considerably nearer to the left than the right pole, so that it was excentric in 
position (fig. 2). The greatest breadth of the zone was on the anterior convexity of the 
chorion, where it measured 114 inches (292 mm.); in the concavity it was only about half 
that breadth, whilst at a line about midway between it was 94 inches (241 mm.). In the 
concavity of the chorion, the zone was thicker and folded, whilst on the convexity it was 
thinner and smoother, but the whole surface was flocculent from the presence of multitudes 
of closely compacted villi, The margins of the zone were differentiated from the non- 
villous chorion by a sharp sinuous line. The left border was about one foot from the 
left pole of the chorion, whilst the right border was about 24 feet from the right pole,* 
so that if the chorion be supposed to be equally divided into a right and a left half, the 
whole of the zone was situated in the left half. The chorionic zone formed the feetal 
part of the placenta, and it was found to be detached from the maternal placenta, when 
the uterus was opened, as has already been stated. 

I then lifted out of the gravid horn the chorion with its contents, and made a cut 
through that membrane opposite to the spinal column of the foetus from the cephalic 
pole to the right border of the placental zone. A large sac was opened into, which proved 
to be the allantois. This sac was very capacious, and completely surrounded the amnion 
from its cephalic pole to the right placental border of the chorion. The outer wall of the 
sac, smooth, and free on its inner surface, was formed by that part of the allantois which 
constituted the endochorion, and which extended from the cephalic pole of the chorion 
to the right border of the placenta. The inner wall of the sac consisted of the allantois 
which enveloped the bag of the amnion. Immediately subjacent to the right margin of 
the placenta, where it was opposite the back and in part the sides of the foetus, the 
endochorion was reflected on to the outer surface of the amnion, and became continuous 
with the allantois covering that membrane. The sac of the allantois was consequently 
not continued over the inner surface of the placenta in its whole extent, for throughout 
an ovoid area 8 inches in diameter in one direction, and 5 inches in another, which lay 
opposite the back and sides of the foetus, the amnion was in direct contact with the 
- inner surface of the placenta. The arrangement of the allantois in relation to the 
part of the placenta which was opposite the belly of the foetus differed materially from 
that above described, for it was prolonged across the inner surface of that portion of the 
placenta from the right to the left border, and its sac was continued into the caudal part 
of the chorion up to the caudal pole. Immediately to the left of the ovoid area, where 
the amnion was in direct contact with the placenta, the allantoic sac was again inter- 
posed between the placental area of the chorion and the amnion, and was continued into 
the caudal pole of the chorion so as to surround the caudal end of the amnion, as com- 
pletely as its cephalic end. Hence the whole extent of the amnion from the caudal to 
the cephalic end of the foetus, with the exception of the ovoid area in relation to a 
limited part of the inner surface of the placenta, was surrounded by and in contact 


* Owing to the poles of the chorion being rounded and bent each on itself, it is difficult to fix with precision the 
central point of the pole. The above measurements are therefore to be regarded as approximative. 
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with the inner wall of the sac of the allantois, which together with the fluid in that sac 
separated the amnion from the endochorion (see woodcut, p. 660). | 

Both the endochorion and the allantois enveloping the amnion were vascular, and 
the vessels were derived from the umbilical cord. The cord was undivided for from 
3 to 4 inches beyond the belly of the foetus, and in its undivided part it was invested by 
the amnion. A transverse section made through it immediately before its division 
showed eight vessels, four arteries and four veins, each of which was surrounded by 
delicate gelatinous tissue. As soon as the cord reached the allantois it divided into 
four branches, each of which contained an artery and a vein. Each branch immedi- 
ately became invested by a fold of the allantois, by means of which it was conveyed 
to the inner surface of the placenta opposite the belly of the foetus. These folds were 
of considerable length and breadth, and were continuous with that layer of the allantois 
which enveloped the amnion. They and the branches of the cord situated along their 
free borders had floated in the fluid of the allantoic sac. The cord was spirally twisted 
before its division, each of its branches also was tortuous, and a similar character also 
was seen in the vessels as they ramified on the inner surface of the placenta. An 
attempt was made to inject the umbilical vessels with gelatine and carmine, which was 
successful as far as the large trunks were concerned. Many of the vessels ramifying 
on the inner surface of the placenta were also filled. The injection had not penetrated 
into the capillaries within the villi, though it was not unusual to see villi stained with 
carmine from the injecting material. 

The vascularity of the chorion was not limited to the placental zone, for a number 
of vessels, both arteries and veins, passed beyond each margin of the placenta as far as 
the corresponding pole of the chorion. To some extent the injection had penetrated 
into these vessels, but even when not injected they could be readily seen to ramify in 
the endochorion lining the non-zonary parts of the chorion. 

The villi in the placental zone varied in length. Comparatively a few were on the 
average yjths inch (18 mm.) long, but the great majority, many thousands in number, 
were from ;%5ths to ;4ths inch (8 to 10 mm.). The stems of the villi were cylindriform 
and filamentous, but those of the longer villi were thicker and tougher than the stems 
of the shorter villi. The shorter villi branched about y5th inch (2°5 mm.) or a little more 
from their origin from the chorion, and gave rise to two, three, four, or more rarely 
five branches, which arose in proximity to each other (fig. 3). They were much smaller 
than the stems from which they sprang, and after a course of about ,4ths inch they not 
unfrequently bifurcated, and the branches of bifurcation ended in short terminal buds. 
These shorter villi had been lodged in the shorter crypts which formed the spongy 
surface of the uterine mucosa, and had been drawn out of the crypts before I opened 
the uterus. 

The longer villi were more firmly attached to the maternal zone, so much so indeed 
that they had been torn away from the chorion, and their free ends were implanted in 


the wider and deeper crypts described in my account of the maternal placenta. The free 
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end was dilated into so bulbous an expansion as obviously to interfere with the ready 
extraction of the villus from the crypt (fig. 11). 

The substance of each villus consisted of a delicate connective tissue such as one is 
accustomed to see in these structures. Many had a definite epithelial investment, the 
cells of which were irregularly polygonal, but others had lost their epithelial coat. 
What, however, was especially noticeable was the large amount of cells, either singly 
or in groups, which were seen floating in the fluid in which the villi were examined after 
they had been teased asunder with needles. These cells consisted in part without doubt 
of the epithelial investment of those villi which had lost their covering probably in the 
process of teasing; but from the numbers seen I think that many were derived from the 
lining epithelium of the maternal crypts, which having been detached and intermingled 
with the villi, had come away with them when the foetal placenta separated from the 
maternal. 

Projecting from the inner surface of the endochorion into the allantoic sac were 
numbers of flattened leaf-like bodies, which I shall name the allantoic bodies. They 
were arranged either singly, or in pairs, or sometimes in rows of several situated close 
together. They were confined in their position to the allantois close to the placental 
borders, or to that part of the placenta which was covered by the allantois. They grew, 
therefore, from the most vascular part of the membrane, and were continuous with the 
coats of the blood-vessels, more especially the veins. These allantoic bodies varied in 
shape and size. Some were elongated and attached by narrow pedicles to the endochorion; 
others were broader than long, and with broad bases of attachment, and when a row of 
them occurred close together along the course of a particular vessel they sometimes were 
continuous with each other at the base of attachment. The longest of these bodies was 
% of an inch, but 4 an inch (13 mm.) was a more usual size. The base of attachment 
was in many cases ? of an inch, but when two or more had fused together the base was 
much more elongated. The smallest allantoic body which I measured was 3 to 4 mm. 
in diameter. In colour they were light brown, like that of the allantoic membrane, 
but this was probably not the natural tint, as the membranes were all stained and 
discoloured. All these bodies were flattened, but this may possibly have been due in 
part to post-mortem compression, after the allantoic and amniotic fluids had been 
evacuated, and the weight of the foetus had pressed against them. _ 

Some of the allantoic bodies were then removed along with the part of the vessel 
to which each was attached and prepared for microscopic examination, and sections 
were made through them and their blood-vessel from the attached to the free border. 
They were seen to be continuous with the fibrous connective tissue coat of the vein, to 
which they were attached by the base, and in tracing them from the base to the free 
border they became more and more attenuated. They consisted for a part of their 
thickness of wavy bundles of white fibrous connective tissue; but in the axis of the body 
the tissue was modified in appearance. When teased out with needles elongated fibro- 
cells could be isolated, the characters of which were scarcely sufficiently differentiated to 
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permit one to say whether they were more like embryonic connective tissue, or involun- 
tary muscular fibres, though I am inclined to think the former, for the nuclei in asso- 
ciation with them were more fusiform than rod-like. Small blood-vessels were also seen 
to be cut across in the sections. . 

I did not obtain any evidence of the presence of an umbilical vesicle. 

The amnion was a capacious sac for the lodgment of the foetus with its amniotic 
fluid. It extended from the cephalic to the caudal pole of the chorion, and throughout 
its entire extent, except at the ovoid area on the placenta already described, it was 
separated from the chorion and placenta by the inner layer of the allantois and the 
allantoic sac. Its poles, therefore, were free, and could be readily moved to and fro in 
the allantoic cavity. Its outer surface was united to the inner layer of the allantois by 
delicate areolar tissue, which, on being torn through, enabled the two membraues to be 
separated from each other. Its inner surface was smooth and polished, though in places 
blood-stained and with adherent blood-clots, due to two punctured wounds in the uterus 
and foetus. It was particularly noticed that the amniotic covering of the cord, as well as 
the inner surface of the sac, was free from such granular projections as have been seen by 
various observers in considerable numbers studding the free amniotic surface in the 
Cetacea,* and which I have named the amniotic corpuscles. ; | 

The foetus was a male. It occupied the bag of the amnion, being curved on itself, so 
that the tail was bent forward under the hinder part of the body, and the head was bent 
back towards the chest. In consequence of this curvature the tail concealed the penis 
and anus, and the abdomen was marked with deep transverse folds. The pectoral limbs 
were directed backwards and somewhat ventrally on the sides of the trunk. There was no 
dorsal fin. The skin was smooth, and of a dull yellowish-grey tint, lighter on the belly 
than on the sides and back. Scattered, delicate, silky hairs from 4,ths to ;4,ths of an 
inch long, projected through the skin, more numerous on the head and body than on the 
limbs and tail. The mouths of the hair follicles were very distinct, their position being made 
more clear by the integument immediately surrounding each follicle being of a paler hue. 
The hairs and follicles were arranged on the back of the foetus in rows having an antero- 
posterior direction. In the intervals between these follicles a number of much finer spots 
were interspersed. These were apparently the mouths of follicles for smaller and more 
delicate hairs, but the hairs were not projecting from them. From the front of the 
muzzle a moustache, consisting of short, stiff, white hairs, projected, and more delicate 
hairs grew out of the skin of the lower lip. 

The muzzle was very characteristic. It was flattened at the front, and consisted of 
two lateral halves, with a median portion. ‘he lateral halves sloped downwards and 
outwards so as to conceal laterally the lower lips and mouth slit ; but in front the mouth 
slit was seen below the median portion of the muzzle, which was a tongue-like lobe pro- 
jecting from the anterior end of the roof of the mouth. A mesial groove, commencing 


7 l may refer to a detailed description of the amniotic corpuscles in my account of the Placentation of Orca 
gladiator, in Trans, Roy. Soc. Edin., 1871, vol, xxvi. 
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just above the tongue-like lobe, ran upwards for 13 inch, when it ended in a shallow 
transverse groove not quite 4 inch long. On each side of the mesial groove was a lateral 
groove of about the same length, which passed obliquely downwards and outwards to the 
most projecting part of the lip on its own side. The palpebral fissure was small, so that 
only a limited surface of eye-ball was exposed. The auditory meatus was about the size 
of the head of asmall pin. The two anterior nares were situated above the muzzle; they 
were crescentic in shape with the concavity downwards, and were about ;4,ths of an inch 
asunder ; each nostril was ;4;ths of an inch wide and +4;ths of an inch in vertical diameter, 
and had a flap-like piece of skin at the orifice. The pectoral limb was paddle-shaped, and 
with a slight indentation in its posterior end near the ulnar border. The lobes of the 
horizontal tail projected behind the mid point, so that the hinder border was concave, but 
there was no mesial notch. The anal orifice was relatively large. The penis projected 
through a circular hole surrounded by a fold of skin which was 5 inches in front of the 
anus. The umbilical cord projected from the wall of the abdomen 2 inches in front of — 
the orifice for the penis. It is difficult to get exact information of the length of the 
adult Dugong, as the statements in the books vary from 8 or 10 feet to 20 feet. On the 
supposition that the adult is only 10 feet long, then this foetus had attained quite one- 
half of the adult length. 


Dimensions of Fetus. 


Feet. Inches. 
Length along curve of back, : ; 5 4 
From middle of tail to anus, ; P . ‘ : 1 1 
From anus to orifice for penis, . ; i ~ 5 
From orifice of penis to umbilicus, ~ 2 
From axilla to tip of pectoral limb, ~ 7 
Greatest breadth of pectoral limb, - 8 
From angle of mouth to eye, - 34 


Width of mouth slit, ~ 4 
From mouth to nostril, 32 
From eye to external meatus, . ~ 34 


I am also indebted to Mr bE Vis for a much smaller foetus from another uterus, which 
was, however, unaccompanied by any of the membranes. It was a male, and was 
curved on itself like the larger specimen. The surface of the skin was a pale drab 
colour, and was marked with spots which obviously showed the position of the hair 
follicles, though no hairs were to be seen, neither was any moustache visible. The 
muzzle showed the mesial tongue-like process, which was relatively larger than in the 
older specimen. The muzzle was flattened in front. The eye-balls were relatively large, 
but the palpebral fissure was very small. The anterior nares were small, and the auditory 
meatus was so minute as to be scarcely visible. The tail was bilobed, but the mid point 
projected a trifle further back than the lateral lobes. The pectoral fin was paddle-shaped, 
and with a similar indentation in its border to that described in the older foetus. There 
was no dorsal fin. This foetus was only 14 centimetres long (54 inches). 
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General Observations on the Placentation of the Dugong. 


I have already stated that a description of the foetal membranes of the Dugong was 
given a few years ago by Dr Harrine of Utrecht. His specimen was at a much earlier 
stage of development than mine, for his foetus was only 27°8 cm. long, whereas mine 
measured 163 cm., a.¢., 5 feet 4 inches. The chorion presented a very different appear- 
ance in the two specimens. Hartine describes it in his example as being, with the 
exception of its poles, covered on its entire surface with villi; the length of which varied 
from 0°7 to 1°5 mm. They were most dense at the middle of the chorion, where the 
branches of the umbilical vessels reached the chorion. The villi extended to about 
3 cm. from the posterior pole, but had amidst them spaces bare of villi, so that the 
border of the chorion adjoining the naked pole was very sinuous. The villi approached 
the anterior pole to from 4 to 5cm. The villi were formed of connective tissue covered 
by a layer of round or oval cells, and contained capillary blood-vessels. The posterior 
non-villous pole had probably been in relation to the tubal end of the uterine cornu and 
the anterior non-villous pole to the ostium uteri, but in the absence of the uterus their 
relations could only be surmised. Close to the anterior pole of the chorion was an 
appendage covered by villi, which Hartinc thought might have been lodged in the 
non-fecundated horn of the uterus. Owing to the distribution of the villi over so large 
a proportion of the surface of the chorion, HartTiInG came to the conclusion that in the 
Dugong the placenta was diffused as in the Cetacea, the Pig, and the Mare. | 

My dissection of the gravid uterus in a much more advanced stage of development 
puts the placentation of this animal in quite a new and different light. As has been 
stated in the description, the placenta is zonary, the zone not being situated around the 
equator of the chorion, but somewhat nearer to the caudal end of the embryo; and the 
zone is as perfect in form as in the Cat or other carnivorous animal. 3 

It will be necessary, therefore, to consider how the change from the more diffused 
arrangement seen by Hartine to the zonary form observed by me was brought about. 
For this purpose I may refer to observations which I made some years ago on the 
placenta of the common Cat at different stages of development.* In an early stage the 
whole chorion, except an area yoth inch in diameter at each pole, was covered with villi. 
In a more advanced stage, the non-villous area was somewhat larger at each of the poles, 
though much the greater part of the chorion was still villous, and the placenta had 
assumed the form of a broad zone (fig. 4). In the latter half of gestation the villi 
. were limited to a comparatively narrow zone surrounding the equator of the chorion, 


and a much larger area was smooth and free from villi than that which was occupied by 


the placenta. | 
Corresponding changes in the proportion of the villous to the non-villous chorion 


take place also, I believe, in the development of the placenta in the Dugong. At first 


the chorion is in all probability entirely covered with villi as is the case indeed at an 
* See for further details my Lectures on the Comparative Anatomy of the Placenta, p. 72, Edinburgh, 1876, 
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early stage of development of the human ovum. Then as it becomes elongated the villi 
disappear from the poles, so that a definite non-villous area appears at each pole, and with 
the continued growth of the ovum the proportion of the bare spaces to the villous chorion 
increases, This is apparently the stage of development at which Hartine’s specimen 
had arrived, and it will be observed that he saw not only the naked poles, but the 
presence of bare patches amidst the villi, which. obviously marked the beginning of a 
further disappearance of these structures. In my specimen the placenta had undoubtedly 
reached its completed stage of development as a definite zonary band. 

Another point of difference in the chorion at these two stages of development must 
also be referred to, In Dr Hartina’s example there was an appendage covered with 
villi apparently extending into the non-fecundated cornu. In my specimen no such 
prolongation was present, and one can see why in the more advanced stage of develop- 
ment such an appendage was unnecessary. So long as the villi were diffused over a large 
area of the chorion, there must have been a corresponding diffusion of the crypts in the 
uterine mucous membrane for their reception. Consequently at this early stage of 
development, as much of the mucous lining of the non-fecundated cornu as corresponded 
with the villous surface of the appendage of the chorion would contribute to the forma- 
tion of the placenta. But with the gradual atrophy of the villi from the poles and from 
a large part of the surface of the chorion, the corresponding crypts in the mucous 
membrane would also disappear; the appendage would become functionally inactive, 
and would either atrophy, or become, by the great dilatation of the chorion in the gravid 
horn, incorporated with or expanded into it. 

Another and very important conclusion to which Dr Hartine arrived was that the 
placenta in the Dugong was indeciduate. This indeed was almost a necessary corollary 
from its diffused structure, for so far as we at present know every diffused placenta is 
non-deciduate. But the recognition of the zonary form in the more advanced stage of 
placental development of the Dugong has introduced another element into the discussion 
of this subject. Our knowledge of the zonary placenta has hitherto been confined to its 
presence in the Carnivora proper, the Pinnipedia, Hyrax, and the Elephant. In all of 
these animals the placenta is deciduate, 2.e., when shed in the course of parturition the 
chorion carries away with it distinctly recognisable portions of the vascular mucous coat 
of the uterus. Ona prior grounds we should expect to find that the Dugong, with its 
zonary placenta, was also deciduate. I examined the placenta, therefore, with great 
interest with the view to determine this question. 

The relative shortness of the great majority of the chorionic villi, and the corre- 
sponding shallowness of the uterine crypts in which these villi had been lodged, together 
with the cylindriform shape both of villi and crypts and the paucity of their branches, 
had permitted the separation of the foetal and maternal divisions of the placenta from 
each other before the uterus was opened into. The separation had apparently taken 
place as readily as in the Mare or Cet«cean, in which animals, though the villi and crypts 
are short, yet the villi have numerous tuft-like branches, and the crypts are subdivided 


> 
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into corresponding recesses. As the Mare and Cetacean are typical examples of mammals 
with a non-deciduate placenta, the Dugong also in the general scheme of its placenta 
without doubt resembles them. But my description has shown that,.in addition to the 
multitudes of short villi and shallow crypts, the Dugong also possessed a small proportion 
of longer villi, which were implanted in longer, wider, and more deeply seated crypts, 
passing for some distance in an oblique direction subjacent to the layer of short crypts. 
From the fact that in the separation of the maternal from the foetal part of the placenta 
which had occurred before I opened the uterus, these longer villi had torn away from the 
chorion, and had remained implanted in the more deeply seated crypts, it is evident that 
the villi were more difficult to draw out of the crypts, and it is possible, therefore, that 
in the normal act of parturition, when these villi separate along with the rest of the 
‘foetal placenta, they may drag away the vascular walls of the maternal crypts in which 
their bulbous ends are implanted. Should this be the case, then the placenta of the 
Dugong would in a limited sense be deciduous, though in far the greater part of its area 
it would, as already stated, be non-deciduate. If I am right in this supposition of the 
shedding of the vascular walls of those maternal crypts in which the longer villi are 
inserted, whilst the shorter crypts retain their attachment to the uterus, then the 
placenta, whilst in the main non-deciduate, would furnish an example of the commence- 
ment of the deciduate type, and would illustrate the transition from a non-deciduate 
placenta to the more perfect deciduate type seen in the Carnivora and other zono- 
placental mammals. Should, however, these larger villi separate from the maternal 
placenta without taking with them the vascular walls of their crypts, which I think is 
the more likely, the placenta would be throughout non-deciduate. The placenta of the 
Dugong would then furnish us with a new type of placenta, one which is both zonary 
and non-deciduate. The presence of these two characters, hitherto unknown as existing 
in combination in any placenta previously examined, teaches us that the similarity in form 
which the Dugong’s placenta bears to that of the Carnivora and Seals does not necessarily 
imply a corresporidence in the intimate relations of the structural elements. We cannot 
therefore predicate whether a placeuta is deciduate or non-deciduate from the study 
merely of its external form. 

In the discussion of :this question I have used the term deciduate in the sense in 
which it is usually employed to express the shedding of the vascular part of the maternal 
placenta duting parturition. In a communication made to this Society a number of 
years ago,* I showed that both in the Sheep and Cow the epithelial lining of the uterine 
crypts was to some extent shed along with the tufts of the foetal villi. It is not unlikely 
that a partial shedding of this epithelium may also take place in the Dugong, for, as I 
have already. explained (pp. 645, 650), not only were the epithelial cells in many cases 


loose in the crypts, but others had become so far detached as to be intermingled with 
the villi of the chorion. : 


sens Proc. Roy. Soc, Edin., May 1875; and Lectures on the Comparative Anatomy of the Placenta, p. 108, we 
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A point of much interest in the study of the placenta in any mammal is the 
relation between the crypts in which the villi are lodged and the glands of the uterine 
mucous membrane. On the supposition which was at one time entertained that the 
crypts were the dilated mouths of the uterine glands, there would require to be as many 
glands as there are villi in order that they may be mutually accommodated. The 
inadequacy of this hypothesis was, however, pointed out some years ago both by Signor 
ErcoLani and myself, from the study of the gravid uterus in the Pig and Mare, in 
which animals we showed that the glands opened on definite areas of the mucous 
membrane opposite portions of the chorion where there were no villi, and that the 
uterine crypts were interglandular in position.* Subsequently, in an account of the 
placentation of the Lemurs, I described a yet more striking example of the inter- 
glandular position of the crypts.t In the Cetacea again, as illustrated by Orca 
gladiator,t I found that though a small proportion of the crypts was associated with 
glands, the great majority had no such relation, and were interglandular in position. 
The Dugong also exemplifies the accuracy of this view. If in it all the villi had been 
lodged in the mouths of glands, then thousands of glands would have been needed for 
their reception ; whereas, as we have already seen, the glands were sparing in number 
in the placental area. The only crypts which seemed indeed in the Dugong as if they 
might be associated with glands were those wider and more deeply situated ones in which 
the longer villi were lodged. But the shorter crypts, which formed the great majority of 
the recesses for the villi, were interglandular in the Dugong, and were produced without 
doubt by an uprising and active growth of the interglandular tissue of the mucous 
membrane around the villi. The villus and the wall of its crypt were contemporaneous 
in their growth, and the depth of the crypt corresponded to the length of the villus. 
The epithelial lining of the crypts is also an important factor in their construction, and 
its discovery in the Dugong brings its placenta in this particular into harmony with 
those of the other mammals that I have described.§ 

One or two other points of comparison with the specimen described by Dr Harrine 
may now briefly be referred to. In both the allantois was a capacious sac, and 
extended to opposite poles of the chorion, and conveyed blood-vessels in its endo- 
chorionic layer; and the arrangement of the larger trunks of the umbilical vessels was 
also similar in the two specimens. Both also possessed allantoic bodies, which differed 
somewhat in colour, form, and structure in the younger and- more advanced specimens. 
In Hartine’s young example they were yellowish-white, round or ovoid, and made up 
of areolar tissue arranged so as to bound a large number of small cavities, the walls of 
which were constituted of interlacing elastic fibres united into bundles, and between 


* Lectures on the Comparative Anatomy of the Placenta, Edinburgh, 1876. 

+ Trans. Roy. Soc. Lond., vol. 166, 1876. 

+ Trans, Roy. Soc. Edin., vol. xxvi., 1871. 

§ For a discussion on the physiological relations of the epithelial lining of the crypts, I may refer to the section 


headed “ Physiological Remarks,” in my Lectures on the Comparative Anatomy of the Placenta, p. 114, Edinburgh, 
1876. 
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which small fusiform cells were seen. Within the areole some cells resembling leuco- 
cytes were found. These bodies were invariably attached to the coats of the blood- 
vessels, almost always to the veins, and Harrtine regards them as diverticula from the 
vascular wall. In my older example they were also closely attached to the coats of the 
umbilical vessels of the endochorion. They were light brown in colour, flattened or 
plate-like in form, and not subdivided internally into areole. They were, however, 
obviously similar structures in the two specimens, and the differences at the two ages 
were doubtless due to the one being structurally more advanced than the other. 

These allantoic bodies in the Dugong are probably homologous with the well-known 
“hippomanes” of the Mare, which, though usually found floating in the fluid contents of 
the allantois, yet arise, as I pointed out some years ago,* in the gelatinous tissue which 
connects the chorion with the endochorion. They also correspond with the shot-like white 
spherical bodies which Professor RoLLEston t and I have described in the corresponding 
gelatinous tissue in the Pig;{ which bodies are also attached to the walls of the blood- 
vessels. Sir RicHaRD OWEN has shown the presence of similarly situated bodies in the 
foetal membranes of the Elephant§ at about the middle of gestation, most numerous 
near the placenta, and developed in connection with the coats of the umbilical vessels. 
From a microscopic examination, to which I subjected a specimen some years ago, I 
found || that it consisted of a tough fibrous tissue in which nuclear-looking particles 
were imbedded. Dr CHapmMan of Philadelphia has since described 1 the membranes of 
an Elephant delivered at the full term, and has figured these bodies attached to the 
umbilical vessels, both veins and arteries, on and near the placenta. He considers 
them to project towards the amnion, as the allantoic sac had disappeared in the placenta 


at the full term. He states that they are fibrous in structure, with some interfibrous | 


granular matters. It is difficult to give a satisfactory explanation of the function of 
the allantoic bodies. | 

Neither in Dr Harrine’s specimen nor in mine were any amniotic corpuscles to be 
seen, nor was there any evidence of the presence of an umbilical vesicle. 

It will now be of interest to compare the placentation of the Dugong, which may be 
taken as a type of the Sirenia, with that of those orders of mammals with which the 
Sirenia have from time to time been regarded as most closely allied. 

By the Messrs Cuvier the Sirenia were grouped with the Cetacea as a suborder, 
Cetacea Herbivora. Although the Sirenia have without doubt some points of corre- 
spondence with the Cetacea in their placental relations, they possess many more features 
of difference. Both orders of mammals have a bicornuate uterus and are uniparous. 


* Lectures on Comp, Anat. of Placenta, p. 26. 
t+ Trans. Zoolog. Soc., vol. v., 1863. 
_ + Lect. Comp. Anat. Placenta. C. Henna has subsequently published a description of these bodies in the Pig 
(Sits. der Naturf. Ges. 2u Leipzig, 1877). 
§ Trans, Roy. Soc. Lond., 1857 ; Anat. Vertebrates, vol. iii. 
|| Lect. Comp. Anat. Placenta, p. 27. 
I Jour. Acad. Nat. Sci. Philad., vol. viii., 1880. 
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In the Cetacea the chorion occupies both uterine horns; in the Dugong it is situated 
in only one horn, at least in the later stage of gestation. In the Cetacea the villi are 
diffused over both horns of the chorion, except at the poles and opposite the os uteri 
and the uterine crypts are also diffused; in the Dugong in the fully-developed placenta, 
the villi are aggregated into a zone on one side of the equator of the chorion, and there 
is a corresponding limitation of the uterine crypts. In the Cetacea the allantois though 
extensive, and lying in both horns, does not reach the poles of the chorion, as it does in 
the Dugong; and whilst the latter possesses allantoic bodies, there are none in the 
former. In the Cetacea the amnion extends into both horns, reaches beyond the allantois, 
and possesses numerous amniotic corpuscles. In the Dugong the allantois extends 
beyond the amnion, and the latter has no corpuscles. Neither in the Cetacea nor the 
Dugong has an umbilical vesicle been recognised. The Cetacea are undoubtedly non- 
deciduate. The Dugong is also without doubt in the main non-deciduate, though there 
is the possibility of an exception in the case of the longer villi and the walls of the 
deeper crypts. But in this matter I would again point out that in the separation of the 
foetal from the maternal placenta, which had taken place in my specimen before I opened 
the uterus, the longer villi had detached themselves from the chorion and remained 
imbedded in the uterine wall; whilst on the hypothesis of this part of the placenta being 
deciduate, one would have expected rather that the longer villi would have continued to 
be attached to the chorion, and the walls of the deeper crypts to have torn away from 
the uterus and have enclosed them. There is nothing in the structure of their respective 
placentze to justify the retention of the Cetacea and Sirenia in the same order. 

By some zoologists the Sirenia have been regarded as allied to the Ungulata. 
Amongst ungulate mammals the placenta is not uniform in its arrangement. The Pigs, the 
Equide, the Camelide, Tragulide, the Tapir, Hippopotamus, and probably the Rhinoceros, 
furnish typical illustrations of the diffused variety of placenta; the Ruminants generally 
exemplify the cotyledonary form; whilst the Giraffe * and Cervus mexicanus,t in addition 
to a number of large and small cotyledons, had patches of villi diffused over portions of 
the chorion intermediate to the cotyledons, so that they combined the characters of both 
types. All these animals agree in possessing a large and persistent allantoic sac. The 
umbilical vesicle, however, either disappears at an early period of utero-gestation, or is 
so small as to be recognised with difficulty. All ungulate mammals, which possess a 
diffused or cotyledonary placenta, are non-deciduate in the sense in which that term is 
usually employed. 

Hyrax, which has certain ungulate affinities, also possesses a zonary placenta, which, 
as I showed some years ago,t corresponds in structure with that of the domestic Cat. 
The sac of the allantois is so large as to reach the opposite poles of the chorion, but the 
umbilical vesicle apparently atrophies at a comparatively early period of utero-gestation. 


* See my Lectures on the Placenta, p. 67. 


+ See my description of the Placenta of the Mexican Deer, in Journal of Anatomy and Physiology, vol. xiii. p. 195, 
1879. 


t Proc. Roy. Soc. Lond., Dec. 16, 1875. 
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The ungulate affinities of the Elephant have been dwelt upon by various naturalists. 
This animal has a well-marked zonary placenta, which Sir Richarp OweEN stated to be 
in the middle of the chorion, though Dr CuapMan in his more advanced specimen found 
it to be on one side of the middle. In addition, the chorion possessed a small vascular 
patch of villi diffused at each pole of the chorion. The deciduate character of this 
placental zone was recognised both by OwEn and myself; and CHAPMAN estimates, from 
the injection of the blood-vessels in his specimen, that at least one-fourth of the shed 
girdle-like placenta consisted of the hypertrophied mucous membrane of the uterus. In 
Owen’s specimen the allantois was persistent; in CHAPMAN’ it is said to have disappeared 
as a distinct sac. OWEN makes no mention of an umbilical vesicle, and CHAPMAN states 
distinctly that he did not find a trace of it. De BLAINVILLE regarded the Sirenia as a 
group of aberrant Elephants, and more recently Dr Muriz®* has referred to the probable 
affinities between the Sirenia and the Elephant. 

Many years ago Sir RicharD Owent pointed out that the placenta is not an organ 
which guides to the true grouping of the Ungulata, and that the modifications of the 
placenta do not form a true guide to the affinities or classification of the Mammalia 
generally. In more than one memoir{ I have also shown that the placenta cannot be 
taken as a dominant organ for purposes of classification; yet, in the study of the 
affinities of animals, its characters require to be considered in conjunction with those 
of the other organs in the body. In this connection, therefore, it is interesting to 
observe that, as regards its form, the placenta both in the Elephant and the Dugong 
is zonary; though they differ in this very important particular, that in the Elephant 
the zonary placenta is deciduate, in the Dugong it is almost entirely, if not entirely, non- 
deciduate. | 

The zonary placenta possesses its best known form and structure in the Carnivora 
proper and in the Pinnipedia, in which animals it is usually equatorial in position. In 
both these suborders it is highly deciduate, although the relative amount of mucous 
membrane which separates along with the chorion would seem to vary in different species.§ 
All these animals possess a persistent and well-developed allantoic sac, and as far as we 
at present know they have also a persistent umbilical vesicle. Except in the mere form 
of the placenta, the Dugong does not seem to have any special affinity with the Carnivora 
proper, or with the Pinnipedia. 

J. F. Branpr in his great memoir, “ Symbol Sirenologice,” || compares the Sirenia in 
their structure and habits with the Cetacea, Pachydermata, Phocacew, and Zeuglodon. 
Although he considers that in some respects they are more closely allied with the 
phytophagous Pachyderms than with any other order of mammals, yet from the evidence 


* “Form and Structure of the Manatee,” Trans. Zool. Soc. Lond., vol. viii., 1870. 

+ Memoir on the “Placenta of the Elephant” (Trans. Roy. Soc. Lond., 1857). 

t Memoir on the “ Placentation of the Sloths” (Trans. Roy. Soc. Edin., 1873, vol. xxvii.) ; and on the “ Placentation 
of the Lemurs,” in Trans. Roy. Soc. Lond., 1876, vol. clxvi. 

§ See my Lectwres on the Comp. Anat. of the Placenta, p. 111. 
|| Mém. de ?Acad. Imp, des Sciences de St P-terab., 7th series, fasc. ii. and iii., exii., 1869. 
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at his disposal he regards them as forming a distinct order. He had no knowledge of 
the form and structure of their placenta, but from the description which I have given 
of that organ in the Dugong, it is clear that its type of structure is so peculiar as to 
strengthen the view that the Sirenia have an ordinal value. 

From the study of the placenta of the Dugong it is obvious that in future it will be 
necessary to arrange the mammals which possess a zonary placenta into two groups: 


ZONO-PLACENTALIA. 


a. Non-deciduata.x—Dugong either whole or in great part; probably also the 
Manatee. 
b. Deciduata.—Carnivora, Pinnipedia, Elephant, Hyrax. 


WOODCUT. 


The subjoined woodcut is a diagrammatic representation of the arrangement of the fetal 
membranes, and their relation to the embryo Dugong; p. 648. The embryo has been drawn in the 
amniotic sac by Mr Gustav MANN. 


Ch, the chorion, with PZ the zonary placenta, Al, the sac of the allantois; Al’, the outer wall of 
the sac or endochorion; Al’, the inner wall of the sac. Am, the sac of the amnion, the 
membranous wall of which is represented by the dotted line. 


| 
| 
| 
r oy 
AL 
iw 
Pl 

A 

4 
Ch Am A, 
4 
™ “a Ch 


SIR WM. TURNER ON THE. PLACENTATION OF HALICORE DUGONG. 661 


EXPLANATION OF PLATES LIL, IL, III. 


PLATE I, 


Fig. 1. A view of the gravid uterus of Halicore Dugong, greatly reduced: f, the eines left 
uterine cornu; /, the non-fecundated right cornu; v, the vagina; ww, the two ureters 
opening into the bladder ; p. 642. From nature, by my pupil, Mr Harry G. MELVILLE. 


Fig. 2. The chorion extracted from the uterus of the same animal, showing the zonary placenta 
and the umbilical vessels ramifying in the smooth parts of the chorion: h, opposite the 
head of the foetus; a, opposite the anterior extremity; ¢, opposite the tail; w, opposite 
the umbilical cord, greatly reduced; p. 648. Figs. 2 and 4 were drawn from nature by 
Mr MICHAEL Scort. 


Fig. 3. One of the shorter villi of the chorion detached from its neighbours, and with its branches 
drawn asunder; x 13; p. 649. From a drawing by the senior demonstrator of anatomy, 
Davip HEpsurn, M.B. 


Fig. 4. Chorion of a Cat in an early stage of gestation, to show how extensively the villi are diffused 
over the surface, also the non-villous character of the poles; natural size; p. 653. 
From a specimen which I have placed in the series of placente in the Anatomical 
Museum of the University of Edinburgh. 


PuaTE II. 


Fig. 5. Surface view of the mucous membrane of the left fecundated cornu of the Dugong in the non- 
zonary area. The uterine glands may be seen ramifying in the mucous membrane, and 
the dilated mouths open obliquely on the surface; x 30; p. 643. The figures in this 
Plate, and fig. 10 in Plate III., were drawn from nature, by my pupil, Mr Gustav Many. 


Fig. 6. Vertical section through the mucous membrane of the same cornu in the non-zonary area. 
Sections through the gland-tubes occur at different depths, and separated by relatively 
wide inter vals occupied by interglandular connective tissue: m, the mouth of a gland 


opening on the surface; v, a transversely divided blood-vessel ; mc, muscular coat; x 80; 
p. 644. 


Fig. 7. Vertical section through the mouth of the gland, m, shown in fig. 6 and the adjoining part 
of the mucous membrane; x 400. The oblique direction of the gland-mouth and the 
appearance of the columnar epithelium cells which occupy the parts of the gland-tubes 
that lie near the surface of the mucous membrane are shown. The interglandular 
connective tissue contains numerous leucocytes, /, as well as connective tissue corpuscles ; 
v, a transversely divided blood-vessel; p. 644. 


Fig. 8. Vertical section through the closed end of a gland in the deeper part of the mucous 
membrane; x 450. The epithelial lining of the gland consists of cubical cells; p. 644. 


Fig. 9. Vertical section through the mucous membrane of the non-fecundated right cornu of the 
same uterus; x 80. The gland-tubes are smaller than in the fecundated horn, and as 
the interglandular connective tissue is much less abundant, the tubes are much closer 
together. Compare this figure with fig. 6. v, blood-vessels divided; mc, the muscular 
coat; p. 647. 
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PLATE III. 


Fig. 10. Surface view of the mucous membrane of the fecundated cornu in the placental zone, 
The orifices of a number of the smaller crypts are represented, and at a the mouth of 
one of the large crypts; x 30; p. 645. 


Fig. 11. Vertical section through the mucous membrane of the placental zone; x 60. The figure 
shows the crypt layer, cr, and the glandular layer, gi, in the latter of which divided 
glands are represented. The crypt layer consists for the most part of the shallower 
crypts for the lodgment of the shorter villi; but in the section one of the deeper and 
more obliquely directed crypts can be seen. In this deep crypt the bulbous end of 
one of the longer villi, v, is lodged; p. 645. This and the following figure are from 
drawings by Davip Hepsurn, M.B. 


Fig. 12. Vertical section through the crypt layer, cv, and the more superticial part of the glandular 
layer, gl, of the placental zone; x 240. The epithelial lining of the shallower crypts is 
seen, and in some of these loose epithelial cells occupy the recesses out of which the 
shorter villi have been drawn. The section has also passed through one of the deeper 
and more obliquely directed crypts, and the villus, v, which it contains has been 
divided. The epithelial covering of the villus and the epithelial lining of the crypt 
are in part in place, but for the most part have been detached from the surfaces which 


they had covered. Closely subjacent to the deeper crypt is a gland, gil, with ‘ia 


epithelial lining, which seems as if it might have opened into the crypt; p. 646. 
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XVIII.—Non-Alternate + Knots, of Orders Eight and Nine. By C. N. Lirriz, of 
Nebraska State University. (With a Plate.) 


(Read 15th July 1889.) 


1. To complete the census of knots of any given order, that is, minimum number of 
crossings, it is necessary to include not only those in which the crossings are taken 
alternately over and under (Alternate +), but also the Non-Alternate +, those in which 
two or more consecutive crossings are alike over or alike under. Professor Tarr has 
figured the forms of the alternate + knots, of orders three to nine inclusive, on Pl. XLIV. 
vol. xxxii., Trans. Roy. Soc. Edin.; the object of this paper is to describe the non- 
alternate knots of these orders. 

2. The projection of a non-alternate knot as a single closed line with double points 
only must be found in the complete series of forms of the alternate knots. The converse 
is not true, and the first operation is to exclude from consideration all forms which are 
not projections of non-alternate knots. 

I find it convenient to use* A and y, as shown in the figure, to give the . $ 
character of a crossing. The crossing shown looked at as belonging to the >< 
compartment, or, briefly, part A or B isad crossing. Looked at as belongingto ~% > 
C or D, it is a y crossing. 

3. It is to be remembered that in an alternate knot, or in any portion of a knot 
where the law of over and under is preserved, the crossings looked at as belonging to the 
parts of either partition (group of compartments) are alike. 

It is evident that in a coil (succession of 2-gons), all the 2-gon crossings are either 
lambda or gamma. 

If two parts are opposite at a crossing, and have besides a connection—as a coil— 
in which all crossings are, say, A, then will the first be a A crossing. It follows that all or 
none of the forms of an alternate will be included among the forms of a non-alternate knot. 

4. It is now easy to decide whether a given alternate form can be the projection of a 
non-alternate knot. For example, in the first form of VI., of the nine folds as shown on 
Professor Tart’s plate, the 6-gon amplexum is joined to a 4-gon by a 2-gon, twice by a 
3-gon and by a single crossing, Asay. Each 3-gon connection has its three crossings alike, 
and \ by §3 above. If now the single crossing be shifted beyond a 3-gon, the 2-gon 
also is seen to have A crossings, and the law of over and under must hold throughout the 
form. No form then of this knot VI. can be the projection of a non-alternate knot. 

In like manner it is easily seen that the only forms of Pl. XLIV., which are the pro- 
jections of non-alternate knots, are the following :— 

Kightfold: I, III, IV, VII, IX, and XIV. 


Ninefold: I, III, IV, V, VII, IX, X, XJ, XIU, XIX, XXIII, XXIX, XXXV, 
and XXXVI. 


* Listine called a lambda crossing 3 and used a for a gamma crossing (Vorstudien zur Topologie, p. 52, Gottingen, 1848). 
VOL. XXXV. PART II. (NO. 18.) oP 
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5. It now becomes necessary to obtain the complete series of forms of non-alternate 
knots of these orders by assigning to the crossings all possible combinations of \ and y. 
In SILI, 81X, 8XIV, 9IV, 9XIII, 9XIX, 9X XIII, 9XXIV, and 9XXXVI, two parts are 
joined by three connections, in each of which all crossings are alike, and the one, two, or 
three forms can be drawn at once. In each form of 8III, for example, two parts are 
connected by a 2-gon and twice by a 3-gon. The two forms have y 2-gon, A 3-gon, 
y 3-gon; and A 2-gon, y 3-gon, y 3-gon. Perversion doubles all numbers where 
amphicheiralism is not found, and will not be again referred to until the final summing up. 

6. Inspection shows that three consecutive overs cannot exist in these 
orders without degradation of the form; and this consideration greatly 
shortens the labour of treating the remaining forms. For illustration, 81 
| may be taken. Lettering the form as shown, a table is made out where 
+ and — are used for over and under crossings respectively. A portion of the knot in 
which the crossings are alike is enclosed in a parenthesis. 


A B C (D E)(FG)A HC (F G)B 
4+ 

> ” ” 


From this table the crossings are marked on the forms. No. 6 is the alternate form. 
No. 3 is an amphicheiral form, but it degrades. No. 7 is the perversion of No. 2, and 
No. 5 of No. 4. This leaves the four distinct forms: 1, 2, 4, and 8. I find 19 eightfold 
forms, and for the ninefolds 88 distinct forms. 

7. Thus far, the work has been straightforward and a matter of routine. In deriving 
the knots from the knot-forms the conditions to be observed are so many that a single 
worker cannot be absolutely certain that all have been observed, and that all the - 
of forms obtained are really distinct knots. 

I find 3 eightfold non-alternate knots, none of which has an amphicheiral form ; so 
that to the 31 alternate knots already known must be added six new non-alternate, 
making 37 distinct eightfold knots. Professor Tarr has shown at N on Pl. LXXIX. 
vol. xxxil., Trans. Roy. Soc. Edin., five forms of knot I. 

In the ninefolds I find 8 non-alternates, and their 8 perversions, making with the 
82 alternates, 98 ninefold knots. 

These new knots are shown on the Plate. 

8. All of the new knots, with the exception of VIII. of the ninefolds, have single 
degree of beknottedness ; for in every case it is possible to remove in some form of the 
knot at least two crossings by changing the sign of one, and without making the form 
alternate throughout. But there is no non-alternate knot of fewer than eight crossings. 


Knot VIII. has twofold beknottedness. 
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XIX.—On the Development and Life-Histories of the Teleostean Food- and other Fishes. 
By Professor W. C. M‘Intosu, F.R.S., and E. E. Prince, B.A., St Andrews Marine 
Laboratory.* (Plates I. to XXVIII.) 


(Read 18th June 1888.) 


For Table of Contents see end of paper. 


I. GENERAL REMARKS. 


Until very recently existing information concerning the eggs and oviposition of 
British ushes, and more especially marine fishes, was of the most fragmentary 
character. In the standard works upon Ichthyology, such as Owen’s Anatomy of 
Vertebrates (vol. i. Fishes), it is comprised in a few vague sentences ; while the original 
papers published by British ichthyologists are not numerous, and refer, for the most 
part, to fresh-water species. Within the last few years, however, attention has been 
more systematically directed to the subject, and the enlightened views of the late Royal 
Commission on Trawling, and more especially of its chairman, the late EARL oF 
Datnovsig, has given a fresh impetus to the study of the development and life-history 
of our food-fishes, as preliminary to a thorough investigation of their habits, food, so- 
called migrations, and general life-history. 

The following paper comprises the first results of our recent work at the St Andrews 
Marine Laboratory. 

Though much has been done by foreign observers of late years in regard to the 
development of marine fishes, yet the cod and herring only, amongst those conspicuous 
by their economic value in this country, have been specially dealt with. 

It was therefore necessary, even at the risk of repeating some observations already 
known to science, to examine as thoroughly as possible the ovarian growth, oviposition, 
hatching, and development of such of the important white fishes as could be obtained, 
and to fill up the gaps in our knowledge of the period between the escape of the embryo 
from the egg, and the young, though advanced, forms known to naturalists and fishermen. 

* The authors have to acknowledge the courtesy of the Fishery Board for Scotland, under whose auspices the work 
has been accomplished, and to whom all credit is given. Grants from the Royal Society (Government Grant) and 
from the British Association have also been of great service in regard to assistance and apparatus. To Dr ScHarrr, 
B.Sc., now of the Museum of the Royal College of Science, Dublin, for valued aid of various kinds in 1886, and to 
Dr J. Witson of St Andrews, for help in making sections, our acknowledgments are also due. When cruising in the 
Fishery Board tender “Garland,” Mr W. L. Canperwoop, B.Sc., and Mr H. E. Duruam, B.A, also kindly gave 
assistance. It may further be stated that the first part of the paper, containing the development of the food-fishes and 


their early larval condition, was mainly the work of Mr Prince; while the account of the post-larval stages, the 


development of Anarrhichas and the salmon, was the work of Dr M‘IntosH. Mr Prince added further notes on the 
structure of the later stages of other forms. 
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The ova of about forty British fishes have been examined, and in most cases the 
development of the young before and after leaving the egg, as far as possible, followed. 
The period over which the special observations extended commenced with the work for 
H.M. Trawling Commission in 1884, when the talented chairman (Lorp DaHovusitr) placed 
every encouragement (personal and administrative), and all the facilities in his power 
for pursuing the subject as thoroughly as time would permit. The experience of former 
years at St Andrews and elsewhere has been made available, especially in regard to the 
growth of marine fishes, and to the structural features in the later stages of the salmon. 

The ova examined at St Andrews may be conveniently arranged in two divisions, 
viz., Pelagic or floating eggs, and Non-Pelagic or demersal eggs. | 

Under the former head twenty-three species may be grouped, viz., Long-Rough Dab, 
Turbot, Plaice, Lemon-Dab, Craig-Fluke, Common Dab, Common Flounder, Sole, Miiller’s 
Topknot, Ling, Five-bearded Rockling, Cod, Haddock, Bib, Whiting, Poor Cod, Green 
Cod, Pollack, Frog-fish, Skulpin, Lesser Weever, Sprat, and Grey Gurnard. Besides the 
foregoing, the Common Eel and the Conger have been examined; but their = or 
demersal character has not been finally determined. 

The non-pelagic ova include at least fourteen species, besides a few doubtful baie of 
which the ovarian eggs alone have been under consideration. This (demersal) group 
embraces the Herring, Smelt, Salmon, Trout, Bimaculated Sucker, Wolf-fish, Shanny, 
Viviparous Blenny, Montagu’s Sucker, Lump-sucker, Goby, Armed Bullhead, Cottus, 
Fifteen-spined and Three-spined Stickleback, Sea Bream, Gunnel, &c., besides the 


Cyclostome—Myzxine. Amongst the doubtful eggs are those of Yarrell’s Blenny and the 
Sand-Eel (Ammodytes tobianus). 


Il. Taz Mature Ovom. 


General Features.—The mature ovum of osseous fishes is generally of comparatively 
small size, spherical in form, and more or less translucent. Two parts may be distin- 
_ guished, viz., a protective external capsule (Pl. I. figs. 1—4, 2”), and a contained vitelline 
mass (y), the latter consisting of a globe of food-yolk, with interfused germinal matter. 
Upon being placed in water, the ova of some species float near the surface and throughout 
the water ; these, as already pointed out, form the pelagic group; while in other species the 
eggs sink to the bottom, and form the second group, viz., the demersal or non-floating eggs. 
The first group exhibit in a striking way the feature characteristic of pelagic structures, 
viz., a colourless translucency ; while the second or demersal group are less delicate in 
appearance, and often tinted in a marked manner. Thus the freshly extruded ova of 
Cyclopterus lumpus are of a brilliant purplish rose, or a subdued green or yellow tint, 
which soon, however, fades away, and the eggs become more translucent. The ova of 
the salmon, by their rich orange colour, afford a familiar example of tinted demersal eggs ; 
while those of many species of Stickleback (e.g., Gastrosteus spinachia) are of a trans- 
parent amber-tint. Such coloration, as just noted, like the whitish opacity of the ovarian 
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ovum, may be transient and give place after extrusion to an imperfect transparency. 
The ova of Ammodytes tobianus present a marked example of this, for while contained in 
the ovary they are of a bright orange colour—the ovaries on this account forming a 
bilobed orange-tinted mass in the abdomen of the nearly ripe female, but the eggs when 
ready for extrusion, and indeed while passing to the oviducal aperture, would appear to 
become colourless. Pelagic eggs usually float loosely together or singly, and do not 
adhere to each other, save in certain noticeable instances, of which Lophius piscatorius is 
an interesting example. Acassiz first described the floating eggs of this familiar fish as 
adhering together in long bands near the surface (No. 1, p. 280), but even in this case 
eggs may become detached and float free (No. 2, p. 16). Professor E. vAN BENEDEN 
describes some minute isolated and agglutinated eggs which he was not able to deter- 
mine, but believed that they belonged to a species of Lota, and he supposed that, after 
being deposited in a mass, they “remain for some time adherent one to another, and 
afterwards separate, and then float free from all adhesion, on the surface of the sea” 
(No. 25, p. 41). This surmise is perhaps questionable, and Van BENEDEN, indeed, himself 
adds—‘ I never saw the eggs become detached from one another” (p. 42); and they prob- 
ably, therefore, belonged to two different species. Eggs similar to those of E. van BENEDEN 
were obtained by Haeckel on the coast of Corsica. They formed agglutinated masses of 
various volume and form—the ova being in fact imbedded in a gelatinous substance.* 
Pelagic ova, if ever adherent, possibly may soon become detached, but eggs deposited on 
the sea-bottom, in masses, adhere together most strongly, though in an advanced stage 
they are less firmly united, this loss of adherent property in such a form as Cyclopterus 
lumpus taking place only after the lapse of a considerable interval, often many weeks, 
when the capsule becomes softened, and changes occur in its physical character, probably 
to facilitate the liberation of the contained embryo. Usually, however, these eggs cling 
together if undisturbed (even when dead) for long periods. The adhesive character 
which Von Baer was the first to notice in certain Cyprinoidst is due to a mucilaginous 
ovarian secretion bathing the eggs, and acting as a lubricant during extrusion. On 
exposure to water, it has the property of hardening, as in many similar instances both in 
vertebrates and invertebrates ; and, in the case of adherent eggs, it acts as a cement, bind- 
ing them together so firmly that they can be separated only with difficulty ; and the points 
where the adjacent eggs were in contact show prominent scars or facets after separation 
(Pl. I. figs. 2, 3, and 4, x). | 

A marked translucency of both capsule and egg-contents usually indicates the healthy 

* Mr Rarrray has recently submitted to us examples of pelagic ova from the west coast of Africa, which are also 
bound in masses by a connecting substance converted by reagents and alcohol into a thread-like meshwork. Threads 
of a like character were noticed in some ova sent by M. MILLET many years ago to the French Academy of Sciences. 
They were evidently demersal eggs, for they were attached to a wooden barrel hoop by the elastic threads, the latter 
forming a felted meshwork, which MILLET supposed to be produced by the parent-fish (No. 110, p. 342). They were 
procured in 14° 15’ N. lat. and 20°30’ W. long. The eggs Mr Rarrray kindly sent to St Andrews were obtained (in the 
8.8. “ Buccaneer ” Expedition) in lat. 1° 17’ 6” N., long. 13° 54’ 4” W. Vide Remarks on these by Mr J. T. Cunnincuam, 


Trans. Roy. Soc, Edin., xxxiii. i. p. 108, pl. vii. fig. 7. 
t+ Untersuchungen iiber die Entwickelungsgeschichte der Fische, Leipzig, 1835, p. 7. 
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living egg, especially in the case of pelagic ova, and also to a certain extent in demersal 
forms. This translucency is due to the disappearance of the granules in the yolk of the 
ovarian egg when ripe. Sometimes, however, eggs which are not perfectly mature, 2.e., 
lack the translucency of the ripe ovum, may yet be fertilised, and their embryos in due 
time liberated. This was frequently the case with imperfectly ripe eggs of 7. gurnardus, 
which, though presenting slight opacity, were successfully hatched. Occasionally eggs of 
the species just named exhibit a remarkable pinkish or reddish coloration, the oil-globule 
being of a dark tint (Pl. XVI. fig. 10). The cause or meaning of this abnormal appear- 
ance is undecided; the eggs, of course, were not fertilised, and did not develop ; indeed, 
this coloration has only been seen in dead eggs. Pelagic eggs, when dead or unhealthy, 
show a great increase in the perivitelline space, and sink to the bottom of the tanks. 
Sometimes living eggs, from various causes, such as a change in the specific gravity of 
the water, sink, this being frequently the case with 7. gurnardus; yet when the water 
is violently stirred, or when removed from still water for examination, and then emptied 
into the tanks, they again often assume their buoyancy. This may be due to the dis- 
engagement of particles of foreign matter, such as sand, though this is not always 
evident. The eggs of Molva vulgaris (Pl. I. fig. 10) are less buoyant than some other 
Gadoids, e.g., Gadus morrhua and G. eglefinus, and sometimes, though living, sink to 
the bottom in quiescent water, yet successfully develop. The ova of the ling are indeed 
more delicate, and more susceptible to unfavourable conditions than those of the cod and 
haddock. The addition of spirit to a vessel containing them causes them to rush to the 
side of the vessel, and cling to it with tenacity. The hardy character of certain pelagic 
eggs and their vitality was shown in many cases at the Laboratory. No difficulty was 
found in developing eggs fertilised at sea and conveyed long distances, in some cases after 
travelling in earthenware jars for three or four days. Eggs of the cod contained in such 
jars, three-fourths filled with sea-water, reached the Laboratory on the fourth day after 
fertilisation, and though most of the eggs had sunk to the bottom, and the water was 
offensive with putrid matter—Infusoria, Bacteria, and Spirilla being abundant, yet many 
of the eggs still floated at the surface, and the hearts of the embryos pulsated regularly. 
The effect of cold is to retard development, but is not detrimental unless extreme. In 
one instance a series of the eggs of the haddock were floating buoyantly in the tanks at 
6 p.M., but next morning the glass vessel was covered with a coating of ice, on breaking 
which most of the eggs fell to the bottom, and in these the yolk and germinal area were 
found to be much shrunken and corrugated, leaving a wide space round the vitelline 
mass. A few only survived, these having apparently remained under the trickle of the 
supply pipe.* That pelagic eggs float in sea water, while they sink in fresh water, or in 
sea water having an admixture of fresh, Professor BArRp has shown to be due to the 
fact that their specific gravity is about 1°020 or 1°025.t 


* Vide Nature, June 1886. 


+ Of this floating property, the oldest fishermen, Barrp adds, had not the slightest idea ; they thought “that the 
females deposited their eggs on the rocks, where they were visited and impregnated by the males. . . . . . They had 
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Ova. 


General Remarks.—The pelagic nature of the ova of so large a number of valuable 
food-fishes removes them altogether from many of the vicissitudes which befall demersal 
eggs. Their transparent glassy nature, minute size, and enormous abundance, sufficiently 
provide for their safety and the increase of the species. Pelagic ova are by no means 
common in the stomachs of fishes, while ova deposited on the bottom (e.g., those of 
Cyclopterus, Cottus, and Clupea harengus) are eaten by many fishes with great avidity, 
yet the numbers of one of these at least are, so far as can be made out, by no means 
seriously affected. How much more surely, then, is the multiplication of those with 
pelagic ova provided for? As a rule, they are deep enough to escape the vicissitudes of 
the immediate surface, and in our country are seldom stranded on the beach in numbers 
sufficient to attract attention.* The larvee which escape from them are also minute and 
translucent, and thus are less prone to attract the notice of predatory marine forms ; more- 
over, they soon become very active, while their purely pelagic life gives them a vast area 
for their safe development. 

The contrast between such types and the condition, for instance, in Cottus, is marked. 
In the latter the ova are deposited between tide-marks in masses, and are often devoured 
by other fishes, and it may be by predatory birds and mollusks. The comparatively large 
young are conspicuous objects, and can only escape by keeping within reach of tangles 
| and other sea-weeds, a constant reduction of their rumbers taking place, notwithstanding 
= their defensive armature, during the somewhat slow growth to the adult condition. It is 
| possible, indeed, that though the egg-capsules in Cottus are much denser, and the embryos 

larger and more highly developed than in the cod, a much greater number of the latter 
we proportionally reach maturity than in the case of the former. 
On the eastern shores pelagic ova begin to appear at the end of February, though 
there is no reason why some should not be found earlier, as Dr J. Murray tells us they 
are on the west coast (Clyde district), and a kind of succession of those of different species 
occurs throughout the spring, summer, and autumn. Amongst the earliest are the ova 
of the plaice, Motella, and the large egg with the spacious perivitelline space, the larval 
form issuing from which is described subsequently. Those of the Gadoids, such as the cod, 
haddock, and whiting, next appear, and also those of the flounder and dab, while towards 
the end of the month the eggs of the gurnard are also captured. April is characterised 
by the abundance of pelagic ova, the maximum perhaps being attained towards the latter 
part of the month, when the ova of the spratt and other forms swell the list. As an 


at times noticed the little transparent globular bodies in the water; but it never occurred to them that they were the 
| eggs of any fish. They may be found at the surface in common with the eggs of pollack, haddock, and probably other 
a species of the cod family, when the sea is smooth, but when the water becomes rough they are carried to a depth of 
, a! several fathoms by the current, though the tendency is to remain near the surface” (No. 8, p. 715). 
&. * G. 0. Sars found, however, that they were so at Lofoten. 

+ HENsEN first noticed the pelagic ova of the sprat, and his observation has been corroborated by J. T. Cunnivc- 
HAM and ourselves. Other Clupeoids, as shown by RAFFAELE, also have pelagic eggs. 
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example of the duration of a particular kind of ova in the bay, those of the gurnard may 
be taken ; for, appearing in April, they continue throughout May, June, and even part of 
July, being very abundant in June. It is clear, therefore, that with rapid growth, the 
differences in size between the post-larval forms produced from the ova at the extremities 
of the period must be considerable. 

Distribution.—Nothing was more striking, in the investigations in connection with 
H.M. Trawling Commission in 1884, than the abundance of the pelagic ova in the upper 
regions of the water, and indeed throughout it. They are not usually found quite at the 
surface, but as soon as the tow-net is sunk a fathom or two, they occur almost in every 
haul on suitable ground. Though on the banks frequented by the cod, haddock, and 
whiting, these pelagic ova are in greatest profusion at the breeding season, yet they are 
met with during many months from January till late in autumn, a continuous discharge 
of ova taking place from one or other group having this habit. Moreover, it is clear that 
the provision by which only a portion of the ovary in most fishes with pelagic eggs becomes 
ripe at a given time, greatly prolongs the spawning period, and tends to intensify the 
feature just mentioned. It is possible indeed to form an estimate of the number of 
spawning fishes in a given district by the abundance of pelagic ova, or the contrary. It 
is only necessary to illustrate this by reference to the surface of Smith Bank, off the coast 
of Caithness, where the ova and embryos were in vast numbers in the beginning of April, 
so much so that the area resembled a vast hatching-pond, even the sea-birds feeding in 
long lines on such as the currents swept to the surface. The same feature was shortly 
afterwards noticed, along with Lorp Datuousitk, off the Island of May, though both eggs 
and embryos were less numerous than in the former case. 

Again, recent investigations with the trawl-like tow-net on the bottom show that a 
vast number of pelagic ova, such as those of the cod, whiting, rockling, sole, flounder, 
gurnard, sprat, and other forms, are to be found there—when the large mid-water net and 
the surface-net are nearly devoid of them. Whether this aggregation of ova is due to 
cold at the surface or to the effect of currents has not yet been determined, but it is a 
feature of great interest. 

Sizes of Ova.*—As an example of the variety of pelagic ova common to the sea 
beyond the Firth of Forth in April, the following measurements from spirit-preparations 
are interesting. The ova were collected by the tow-net (sunk a fathom or thereabout) 
in the usual manner, and then placed in strong spirit, which caused considerable contraction, 
probably from ‘1 to 15. A very few measured ‘0216 of an inch, others had a diameter 
of °023, 03, ‘033 (probably Motella), -035, 0366, °04, °043, ‘046, ‘05, the largest 
number ranging over the area covered by the last five, which probably included cod, 
haddock, ling, &c., ‘056, and a very few at ‘058 and °083 of an inch. A little variation 
appears to occur in each species. The average in fresh specimens of the haddock is 
056, the blastodise being *033; plaice, ‘0716; ling, “0916, and the oil-globule, ‘031; 


* A table of sizes of ova from RAFFAELE is given by one of us, in a don see on the Pelagic Fauna of St Andrews 
Bay, Seventh Annual Report, Fishery Board for Scotland, 1889. 
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cod, 06; grey gurnard, ‘055, and oil-globule, ‘0116; lemon dab, ‘053; flounder, 038 ; 
common dab, ‘033; skulpin, ‘025 to 030; sprat, ‘044 in long diameter, ‘039 in short 
diameter ; sole, 


THE Eco-CapsvuLk, WITH REMARKS ON THE REPRODUCTIVE ORGANS AND 
PERIOD OF SPAWNING. 


Few points in the constitution of the ovum afford more matter for controversy than 
the origin and significance of the external protective membrane. 

The twofold division of egg-membranes, due to Prof. E. van Brnepen (No. 24, 
pp. 228-30), and founded upon their derivation, is both natural and convenient, viz., (1) 
membranes differentiated from the cortex of the egg-mass itself; (2) membranes formed 
ab extra by the cells of the ovarian follicle. It is generally agreed that the egg-capsule 
of Teleostean ova belongs to the first division. CUNNINGHAM, however, does not adopt 
this view, and the “ vitelline membrane” of his earlier papers he now considers to 
be an extra-vitelline product—developed by the cells of the follicular epithelium 
(No. 47). Other protective structures may lie outside the egg-capsule proper, such as 
the mucous layer in Perca fluviatilis, the gelatinous matter surrounding the floating ova 
of Lophius piscatorius, and others, but they are probably ovarian, oviducal, or other 
secretions, and do not belong to the ovum proper. Further, it seems most in accord 
with present results to regard the external capsule as a single membrane—variously 
styled Eikapsel (MULLER, His, &c.), Eihaut (Kuprrer), Chorion (LEREBOULLET), Ectosac 
(Owen), outer yelk-sac (RANsom), and zona radiata (WALDEYER). G. Brook, again, 
describes in Zrachinus a thin membrane (his vitelline membrane) outside the zona. 
Such has not been seen in any of our pelagic eggs. It is generally hyaline, tough, and 
slightly resilient, and varies in thickness in different species—thus approximately in 


Anarrhichas lupus, it is 00143 to 00162 in. Gadus merlangus, it is 000310 in. 
Gastrosteus spinachia, Pleuronectes flesus, 000125 ,, 
Gadus morrhua, ia 000312 ,, 3 limanda, ,, 000104 ,, 

e@eglefinus, ‘000440 ,, Trigla gurnardus, ,, 000333 ,, 


In pelagic ova it is so exceedingly thin and translucent that the developmental 
changes in the germ are visible through the capsule,* yet in demersal ova it is not only 
denser, but presents in many species marked structural features, such as projecting knobs, 
filamentous processes, reticulations, and the like, all of which, however, must be looked 
upon merely as modifications of the single capsular membrane—the zona radiata. It is 
very thin and transparent in the sprat, the egg of which generally shrivels when put in 
spirit. The zona usually presents lamin, which Sars observed and counted in Gadus 
morrhua; but such does not imply the existence of separate layers, for chitinous structures 
of this kind often show a stratified condition. Ryprr could only make out the lamine 


*In undeveloped and dying eggs the growing opacity of the vitelline mass is readily seen. This opacity of the 
egg-contents ANDRE wrongly attributes to the capsule itself, which he says becomes opaque (No. 4, p. 197). 
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in Gadus morrhua after treatment with osmic acid, but in both that and other species 
they were observed at the St Andrews Laboratory without preparation. As the time 
approaches for hatching, the capsule (e.g., in Gadus eglefinus) often breaks up into 
flakes like the translucent chitinous secretions (tubes) of Annelids. The continued action 
of water and other causes seems to produce this physical change, so that the embryo is 
more readily extruded. | 

We shall glance first at a few of the prominent features of demersal ova—the two 
most obvious points as compared with pelagic eggs being (1) the greater density of the 
zona radiata; (2) the tendency to adhere together in masses by reason of the peculiar 
secretion which issues from the oviduct along with the ova. One of us has pointed out,* 
that in adhering together, eggs such as those of Cottus and Cyclopterus (vide PI. I. 
figs. 1-4) do so by limited areas of their surface, 2.e., by facets, and thus the mass of 
ova is traversed by an intricate system of channels, which ensures more perfect aeration 
in the circumstances in which they are placed, e.g., in rock-pools. In the slow-running 
tanks of the Laboratory, however, these eggs develop less successfully than detached 
and floating forms, since the decomposition of a few frequently causes the death of the 
whole mass. | 

Considerable variations are presented by the external surface of the zona radiata. 
Thus in Lepadogaster bimaculatus the capsule shows very evident punctures, and the 
ova, instead of being fixed to each other, are attached separately to shells, stones, and 
similar structures. Anarrhichas lupus, again, has the largest non-pelagic egg known 
to us. During the investigations for H.M. Trawling Commission in 1884, one of us 
had been familiar with the ovarian eggs of this form in their earlier stages, and in a 
morbid ovary some of the fully developed eggs were retained so late as the month of 
February, the spawning period apparently extending over the late autumnal or winter 
season, probably from October or November to December. It was not until the 16th of 
January 1886, however, that normal mature ova were obtained. A local trawler pro- 
cured in comparatively shallow water (5 to 6 fathoms) a large mass of them. These ova 
(Pl. XX. figs. 6, 7) are of a pale straw colour, with a slight opalescent hue. In shape 
they are more or less spherical, and measure 5°5 or 6 mm. in diameter. The zona 
radiata presents a comparatively smooth, though minutely punctured appearance 
(Pl. XX. fig. 8), and is very tough, so that the eggs, which are fixed to each other in 
the usual manner to facilitate aeration, can only be torn asunder with difficulty. In 
section (Pl. I. fig. 25) a stratum (a), marked by a deep hematoxylin-stain, separates an 
outer thicker from an inner thinner portion of the zona radiata. Fine striations or pore- 
canals are also seen traversing the entire thickness of the capsule. A single large oil- 
globule 1°75 mm. in diameter occurs in each ovum. This, as usual, constantly passes to 
the upper pole, just as the oil-globule does in pelagic eggs. Only a single unimpregnated 
egg was available for the demonstration of the early condition. In some unhealthy 
or dying eggs a number of very small oil-globules were seen clustering round the edge 

* M‘Intosu, Nature, June 1886. | 
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of the germ, the general size being about 5$5 inch. Towards the period of hatching 
the chitinous zona radiata is more easily torn, and readily splits into lamella, all of 
which show minute punctures (Pl. XX. fig. 8), appearing like minute pale specks on 
a dark ground. In some again the punctures are lost in a general granular area. 
Whether these so-called punctures were actual canals, or only radiating strie, could not 
be demonstrated. 

This separability of the capsule into layers in the later stages does not conflict with 
the view that it is really a single coat. Such chitinous formations in other forms show 
the same tendency to split into filmy strata under certain circumstances, and, as explained, 
a like tendency is exhibited in the extremely thin zona radiata of Gadus morrhua 
and G. @glefinus. In size the ovum of Anarrhichas* resembles that of the salmon 
(Pl. XX. figs. 9, 10), though the punctures in the latter form (fig. 11) seem to be 
somewhat larger. 

Liparis montagui.—The capsule presents externally a minutely areolate appearance 
(Pl. I. fig. 4) due to slight elevations, resembling indeed the surface of grained morocco 
leather, the elevations having a more or less marked linear disposition. In newly 
deposited examples, or in ripe ovarian ova, the external configuration shows an almost 
regular hexagonal character (PI. I. figs. 21, 22), the sutures being pale, while the central 
regions are more opaque, probably from increased thickness. After exposure to water a 
change seems to occur, the hexagonal facets becoming less marked, while a series of eleva- 
tions become visible, and are apparently due, therefore, to a later modification. In 
oblique views the capsule shows undulating surface-markings (PI. I. fig. 22). As these 
ova were not actually observed to be deposited by this species, however, it must be added 
that a margin of doubt exists as to the feature described. 

In this as in other species the zona radiata is at first soft and pliant, hardening 
subsequently, as in those deposited in the Laboratory. In the fresh condition minute 
punctures are visible, though these are less distinctly seen after mounting in certain 
media, e.g., Farraut’s solution, and on tearing the capsule the same dense series of laminz 
can be separated as in Anarrhichas and Cottus. While in the ovary the eggs have a pale 
straw colour, and measure about ‘043 inch, the oil-globule being ‘0083 or less, but those 
just deposited in the tanks show a slight increese in size, viz., ‘045 inch in diameter, 
and the oil-globule varies from ‘005 to ‘0116 of an inch. The eggs of this species are 
very frequent on sea-weeds, zoophytes, and fragments of sticks and débris at the bottom, in 
comparatively shallow water as well as in the deeper parts, and they show much variation 
in colour, from pale straw to a light pink or flesh colour. They have often been mistaken 
for the eggs of the herring, from which they differ in regard to the structure of the 
zona radiata, and in the absence of the so-called vitelline membrane, which Mr Brook, 
however, says is not present. The embryos again are sufficiently diagnostic, for the 


* It is remarkable that the masses of the eggs of this species have hitherto escaped observation, fishermen being so 
little acquainted with them that they were mistaken for those of the salmon. Some time afterwards the recently 
hatched embryos (then unknown) were recognised by one of us in Edinburgh, having been forwarded to the Fishery 
Board for Scotland by one of the steam trawlers of the General Fishing Company, Granton. 
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elongated and somewhat feeble herring cannot be confounded with the shorter and more 
vividly tinted larval sucker, which shoots into the surrounding water at once on issuing 
from the egg. The ova usually referred to this species, however, require further study, 
and the condition of the larva on emergence presents certain differences in the several 
varieties. It is possible that several species have similar ova, but where absolute 
certainty in regard to their determination was not possible, only those having the same 
size and structure were grouped under the head of this species. The spawning period 
ranges apparently from January to June. 

Cyclopterus lumpus.—The ova of this species are very variable in colour, ranging 
from a beautiful amethystine lustre through the various shades of straw-tint to greenish. 
The zona radiata is thick, and minutely punctured, but presents no special thickenings 
or superficial wrinkles, except where the facets of attachment are situated. The eggs are 
fixed together in sponge-like masses, so as to permit free aeration, yet the hatching of 
this species in confined tanks is somewhat difficult. The germ, as in pelagic forms, keeps 
for the most part at the lower pole, the oil-globules ascending to the upper pole. Their 
diameter is about ‘1 inch, while that of the large oil-globules is about ‘041 and less. 

Ova, apparently of this species, were obtained in great quantity from the stomachs 
of codling off Boarhills (Fifeshire), but, unless erroneously diagnosed, the gastric juice 
had caused a diminution in diameter, as they measured only ‘083 of an inch, while 
the large oil-globule in each measured ‘026, and one or two smaller globules were also 
present. Though to a slight extent digested, this ovum showed much resemblance to 
that of Cyclopterus, and formed masses of a yellowish green colour. In addition to the 
ordinary punctate structure, the zona agrees with that of Cottus in presenting larger, 
more evident dots at intervals (Pl. I. fig. 24); indeed, this arrangement of larger punc- 
tures in the midst of the smaller ones is more distinct than in Cottus. They resemble 
large canals rather than radial strie, and they are finely dotted when viewed in profile, as 
at the edge of a torn fragment. It is noteworthy that at the same period as the above 
partially digested ova were obtained, a considerable quantity of similar eggs of a pale 
straw colour were procured on the beach near the Laboratory. Their diameter was ‘0916 
and that of the large oil-globule ‘031, and several smaller globules were also present. 
The ordinary pores were larger than in Cottus, but the larger pores, scattered at intervals, 
were similar. If these be the ova of Cyclopterus, which they closely resemble, consider- 
able latitude must be given in regard to diameter. It has, however, to be borne in mind 
that the condition of the ova (v.e., whether they had been subjected to dessication or other- 
wise) was unknown. The spawning period of Cyclopterus extends from February to the 
end of May, and occasionally even a little later. 

Agonus cataphractus.—The ovaries of a number of female specimens caught by the 
sprat-nets in the estuary of the Tay were found to show nearly ripe eggs in December. 
The eggs are large, and of a dull golden or dull yellow colour, their diameter being ‘07 
inch and that of the oil-globule about (0216. The zonais minutely dotted with punctures 
arranged in a linear series. The surface is also covered with well-marked areole. (PI. I. 
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fig. 23). This species seems to spawn from January (or perhaps even from December) 
to April. 

Cottus scorpius (Pl. I. fig. 3).—The ova present various shades of red, inclining at 
times to orange or yellow. Their diameter averages ‘075 inch, and the large oil-globule 
ranges from ‘015 inch in diameter downward. The zona is smooth, except where the facets 
for attachment to adjacent ova occur. Minute dots are visible under a high power, and 
these have a more regular linear arrangement, as a rule, than in Cyclopterus. Moreover, 
larger dots occur at intervals all over the surface, recalling those noted in Cyclopterus 
taken from the stomach of young cod. In the Report to H.M. Trawling Commission,* 
one of us has alluded to the error of Professor ALEXANDER AGassiz in considering the 
ova of Cottus pelagic, a fact overlooked by Mr CunnineHam.t 

Ammodytes tobvanus, L.—G. O. Sars states that the comparatively large ova of this 
species are net pelagic, but are laid in loose sand, where they go through their 
development. Covucn, again (No. 44, ili. p. 138), considered that it sheds its ova 
in this country as it dashes through the sand in December; while Day (No. 51, i. 
p. 833) found the reproductive organs in both male and female, at St Ives, far 
advanced in August and September. On the other hand, THompson states that in 
Ireland they were nearly ripe at the end of July. The organs, however, were found 
to be small in November at St Andrews. Early in May some specimens (none more 
than 6 inches in length) showed ripe spermatozoa, though the testes were comparatively 
small; while in the females the ovaries were not much developed, and contained 
very minute eggs. These eggs were transparent and granular, with a large germinal 
vesicle. Some larger eggs, five or six times the diameter of the remainder, showed 
a coarsely granular yolk, with many small oil-globules, and a very thin external 
capsule, which is finely reticulated, and provided with minute punctures as in other forms. 
In the ovary the eggs appear to have a somewhat whorled arrangement. Later, about the 
beginning of June, the reproductive organs in about twenty examples showed an irregular 
state of advancement, some having fairly advanced ovaries, while others were rudimen- 
tary. In those best developed the ova were of a rich orange colour, “reddish yellow,” as 
Sars said, and they were just visible to the naked eye as minute grains 7; of an inch in 
diameter. The germinal vesicle was still very evident, measuring x}, inch. Most of 
the larger ova were of this size, though others were much smaller, the smallest being in 
fact less than the nucleus of the largest eggs, and their nuclei showed many nucleoli. The 
zona is distinctly dotted at this stage. The sperms in the male fishes showed a distinct 
head, but no motion was visible at this time. So far as could be observed at St Andrews, 
the spawning period of this species would seem to be late, indeed so late as to bring it 
within a reasonable distance of the pelagic larval forms described in a subsequent 
chapter.t In some examples, however, examined in the middle of December, the genital 


* 1884, t Op. cit., p. 103. 
+ Section xi. Investigations, at present being carried out by Mr W. L. CaLpERWoop at the St Andrews Labora- 
tory, may clear up the subject. 
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organs were so little developed as to form two rounded cords. From the fact that no 
definite series of pelagic ova has been found previous to the appearance of the larval 
forms, the ova would appear to be demersal. 

Gobius ruthensparrt.—tIn a female specimen about 3 inches long, obtained on 25th 
January 1886, the ovaries were found to be small, though the ova were sufficiently 
developed to be visible to the naked eye. Under the microscope, ova of various stages 
were seen, the largest being about a line in diameter. A germinal vesicle was present, 
and the central region of the egg was filled with well-marked globules (yolk). 

Centronotus gunnellus.—Like Zoarces viviparus, this species is characterised by the 
presence of a single unpaired reproductive mass in the form of a median band between 
the intestine and the abdominal roof. Unlike Zoarces, however, the male organ of the 
gunnel is also unpaired. In Day’s recent work on British Fishes the following note upon 
the spawning of this species occurs (No. 51, vol. i. p. 210) :—‘ Nizsson states that its 
spawn is deposited in November. Mr Pracu, however, in June believed he discovered 
the spawn of this fish in Fowey, in Cornwall.” At St Andrews, where it is abundant, 
frequent examination of the reproductive organs supports Niisson’s observations. In the 
earlier part of the year (February) the ovaries of the female are very slightly developed, 
minute ova at various stages occurring in the follicles. In May the male elements are 
less prominent than the female, for the ovary is the larger organ. In many the structure ~ 
is in a state of degeneration, large fatty globules and other granules taking the place 
of the sexual elements. The ova at this time still show great variation in size, the 
germinal vesicle being also present and unaltered. ‘Towards the end of November 
females, though of small size, present a large, clavate ovary, tapering from the liver in 
front to a point behind the anus. The ova are now readily seen by the naked eye, and 
those on the surface are of nearly uniform size, viz., about ‘043 in diameter. Several 
oil-globules (‘012 in diameter) occur in the larger ova, and the yolk is opaque on 
account of the abundant straw-coloured, almost opaline, yolk-spherules. Outside the 
ovary is a transparent membrane, apparently continuous with the interstitial connective 
tissue, and not readily removed from the surface. ‘The smaller ova are finely granular, 
and in some (the larger) small oil-globules are present. 

The ova of this species after deposition seem to have been first observed by Mr 
AnpeRsoN SMITH,* a member of the Fishery Board for Scotland. He found them, 
probably on the west coast, from February to April. At St Andrews they have hitherto 
been obtained amongst the rocks in March, masses about the size of a walnut (as Mr SmiTH 
states) occurring in the holes of Pholas, the adults in each case being coiled beside 
them. The ova adhere together like those of Cottus or Clupea harengus, and have 
a diameter of ‘076 inch, while the oil-globule measures ‘0166 to ‘016 inch. In 
those nearly ready to hatch the zona radiata is somewhat tender, and presents the 
usual laminated appearance. It is also most finely and regularly punctate, after the 
fashion of wire-cloth of great tenuity. The ragged margins especially exhibit the 

* Quoted by Mr CunnINGHaM, op. cit., p. 125. 
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appearance of finely crossed fibres, partly due in all probability to the breaking up of 
the tissue. | 

Blennius pholis.—In May a large male, 6? inches long, was procured at the East 
Rocks, St Andrews. The testes were highly developed, and almost reptilian or 
amphibian in appearance. They form two large flattened organs, or rather are rounded 
anteriorly, and flattened on the inner side—the two bodies, in fact, being precisely 
like the two separated halves of along bean. The blood-vessels run along the flat sur- 
face, and give off branches which spring as it were from a midrib. In colour they are of 
a faint pinkish white. The outer or convex region is of a firmer texture and more 
translucent than other parts of the testis, being composed apparently of tubules contain- 
ing spermatozoa in full activity and abundant sperm-cells. The whiter opaque region 
consists of aggregated sperm-sacs. The spermatic duct leading to the genital aperture 
is exceedingly wide, and on one side shows a spermathecal enlargement, which, at 
first sight, resembles an additional urinary bladder. The ducts open by an aperture 
on a prominent papilla behind the large corrugated anal orifice. This strong papilli- 
form protuberance approaches that in fishes which are known to copulate, but there 
is no account of such in this species. A little later (viz., on the 23rd June) an adult 
female, 5 inches long, had the ovaries much enlarged—containing a mass of large 
bluish-grey ova, and smaller ones of a slightly orange hue. The minute structure of these 
somewhat peculiar ova has been carefully described by Dr Scuarrr.* ‘The ova (which 
were not quite mature) measured about ‘0415 of an inch in diameter. 

The above facts show that this species deposits its eggs apparently during the early 
summer; PARNELL, indeed, names the month of June, while Dunn considers that it 
spawns in spring. CovcH states that it deposits the ova on the roof of small caverns in 
rocks near shore (Zool., 1846, p. 1419); and Day, who quotes the above authors, adds 
that he found minute fry at Penzance in August. At St Andrews young specimens, 
about an inch long, and which had acquired the features of the adult, are abundant 
in the pools of the East Rocks about the middle of September. 

Blenniops ascanit.—On 14th June 1886 a fine male, procured in a crab-pot off the 
Buddo Rock, Fife, showed testes only partially developed. The stomach was distended 
by eggs of Cyclopterus, upon which it had been feeding largely. 

A female in August exhibited only traces of ova—the ovaries being apparently 
atrophied, but on the 16th September both organs were very large, the individual ova 
reaching about ,, inch in diameter. 

Motella mustela. —On 17th July 1885, a female rockling, 6 inches long, was 
examined, and the ovaries were found to be connate posteriorly, and contained ova of 
some size, so that the species must pair very early in winter, and the spawning period 
would seem to be very lengthened. In May the tanks in the Laboratory were found to 
be full of the floating ova of this species, and during March, April, and May the ripe eggs 
appear usually to be ready for extrusion, so that the ova of the female above referred 

* Proc. Roy. Soc., vol. xli. (1886) p. 449; and Quart. Jour. Mier. Sci., Aug. 1887. 
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to, in which the unripe ova were of variable size, large and small, would probably have 
been retained until the end of winter or beginning of the year. The pelagic ova of this 
species are amongst the most abundant forms in and beyond the bay in March, April, 
and May. 


We have already spoken of the capsule as a zona radiata—a protective membrane of 
general occurrence in the ova of most diverse groups of Vertebrates. Thus in the Aves 
a zona radiata is present, though it does not persist; but at an early stage it dis- 
appears, and the egg leaves the ovarian follicle enveloped by another membrane which 
is distinguished as the vitelline membrane. This second membrane is exceedingly 
attenuate, so that it is difficult to distinguish it from the outermost layer of yolk-cells 
from which it is derived. The Reptilia possess also two membranes; but, unlike the 
birds, they are not both of vitelline origin, the outer, which is very thin, Ermer (No. 53, 
p. 418) declares to be a product of the follicular epithelium, and therefore chorionic ; but 
the inner is thicker, and vitelline in origin ; and Ermer regards this as the zona radiata 
(his zona pellucida), The capsule in the Amphibia (Rana) is a remarkable structure, 
and would appear to be really a chorio-vitelline membrane, for the inner cells of the 
ovarian follicle form a layer very closely applied to the true vitelline membrane, 
and as the latter becomes continuously thinner the two layers are really inseparable, 
and form one layer, of which the outer stratum is chorionic, and the inner one is 
vitelline. 

In the Elasmobranchs a double layer is present, the outer being first formed, and 
regarded by BatFrour as vitelline; while the inner one, equally of vitellin origin, he 
distinguished as the zona radiata. Both, however, atrophy as a rule befo. : the egg 
leaves the follicle. In Cyclostomes (Petromyzon) two layers are described, an outer 
imperforate, and an inner perforated layer. The outer layer on contact with water 
swells up and forms a gelatinous coating by which the eggs adhere to external objects. 
In Myzxine, according to J. T. CunnrncHAM’s researches, the thick capsule is a chorion, 
being developed along with its solid projecting processes from the follicular cells. 
Possibly a delicate vitelline membrane may be developed internal to the outer homo- 
geneous capsule, but this Mr CunniInGHAM was not able to decide (No. 46, p. 600). 
Notwithstanding that a double egg-membrane is so common, as indeed KOLLIKER long ago 
pointed out (No. 80, p. 84), yet in the Teleostei the recognition of a single layer of vitel- 
line origin accords best with the character of the capsule in general, in the mature ovum.* 
Certainly LEREROULLET’s designation “ chorion” (No. 93, p. 459) is inappropriate ;t nor 
does KUPFFER’S view, that the capsule in certain osseous fishes is double, like the 
Elasmobranchs, seem better justified. Kuprrer holds that, in the case of Clupea 

* Dr Martin Barry affirmed that one membrane only envelops the ovum in fishes, no layer being formed 
external to the vitelline membrane (No. 21, p. 309). SoxeEr also came to the same conclusion from an examination of 
Leuciscus rutilus (Arch. f. Mik. Anat., 1885). 


+ LEREBOULLET, however, later in the same treatise, refers to the chorion as of vitelline origin, and “ produced by 
the primitive vitelline membrane separated from the vitellus” (No. 93, p. 507). 
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harengus, two separate layers, an outer vitelline membrane, and an inner zona radiata, 
may be distinguished (No. 87, p. 178); but Horrman does not think the distinction 
justifiable—one membrane alone being present, which, however, presents an inner less- 
defined part, probably more recently formed, or in course of formation, from the vitelline 
cortex ; and G. Brook supports this interpretation (No. 34a, p. 201).* If the outer con- 
centrically-laminated stratum be regarded as a layer separate from the inner stratum 
which shows radial striations, then with KuprrerR we must consider the former as of 
exceptional occurrence amongst Teleosteans (No. 87, p. 178). Brock, again, figures two 
Teleostean ova with double capsules, the outer Jayer being striated in one case and 
unstriated in the other (No. 29, Taf. xxviii. fig. 7, f; Taf. xxix. fig. 6, b, e). The 
interpretation as a single layer, we repeat, seems, however, better founded, for if the ovum 
of Callionymus lyra be examined, we find external to the zona radiata, which has the 
usual structure, ‘‘a series, for the most part, of hexagonal reticulations like those of a 
honeycomb,” not unlike the reticulation of the early ovum of Ammodytes tobianus. 
“These spaces are not quite uniform in size, but many are. Some again have four, six, 
or seven sides; . . . . the septa bounding the reticulations stand out very distinctly, and 
their edges show minute strive” (No. 106, p. 481, also Pl. xiii. figs. 1,2, 3,4). The ripe ova 
of this species have been examined at the Marine Laboratory, and the reticulation in 
both cases is external, and is evidently inseparable from the zona radiata. The same 
condition would appear to be present in the pelagic ova of Crenilabrus tinca, recently 
described by J. H. List, the outer part of the zona consisting of regular six-sided 


areas, and the inner only of fine parallel striations.t Such elaborate modifications. 


of this single layer are probably illustrated by the ovum of Cyprinus dolbula, with 
its radially directed rod-like processes; of Perca fluvatilis (No. 111, p. 186), with 
its prominent hollow cylindrical appendages, which interlace, and, with the mucous 
envelope, hold the eggs together in “élégants réseaux,” as LEREBOULLET describes 
(No. 93, p. 471); but they do not serve, as the same author states, for absorption 
like the minute canals, though both structures penetrate the capsule. In such forms also as 
Blennius, Gobius, and pelagic eggs like Heliasis and Belone, long filaments occur near the 
micropyle, and are pronounced by HorrMan, who describes them, as simply excrescences 
of the zona radiata. If we regard the capsule in Teleosteans as essentially a single layer, 
then the dissimilarity of the elaborately modified capsules of the foregoing species 
—of the less complex capsule in Clupea harengus (No. 87, p. 178), and in Esox lucius 
(No. 93, p. 465); and of the extremely simple membrane in the ova of Gadoids, Pleuro- 
nectide, and others, wholly disappears. The species in which various layers, not to 
say distinct membranes, have been described, find their place in the same category as the 
ova of the cod and like forms with simple layers. That the capsule can undergo elaborate 
modification is easily understood, when it is noted that in its early condition it is always 


* See also LEREBOULLET'’s description of a similar inner layer closely applied to the yolk in the pike, the outer 
stratum being alone striated (No. 93, p. 465). 
t Zeitsch. f. wiss. Zool, Bd. xlv. (1887) p. 596, tig. 1, a, b. 
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soft and pliant, and may remain so even after deposition, as we find to be the case, 
notably in the thick capsules of Gastrosteus spinachia and Cottus. These ova, for some 
time after deposition, are soft and yielding, possessing, as Prof. ALLEN THomson (No. 153) 
states, in the fresh-water congener of the former, “so little elasticity that it usually 
retains dimples or impressions made upon it from without.” In this connection it may 
be mentioned that the so-called outer layer in Clupea harengus is slightly facetted (No. 
87, p. 177), this being due, doubtless, to the impress of the follicle-cells before the egg is 
extruded—a suggestion which may also be applied to the similar appearance in the case 
of Perca (No. 111, p. 187). The zona radiata, as its name implies, has a characteristic 
radiate structure in many Teleosteans. The real nature of the striation so visible in section 
has been much disputed, and there is little unanimity of opinion in regard to it. In 
many species this feature has not yet been made out, e.g., in a number of familiar 
Gadoids, viz., G. merlangus, G. eglefinus, G. luscus, Molva vulgaris, and some of the 
Pleuronectids, such as P. flesus and P. limanda. The capsule in the familiar 
Pleuronectid, Pleuronectes platessa, again, is very distinctly punctured (Pl. I. fig. 20). 
CUNNINGHAM has recently mentioned that the zona radiata of the cod usually described as 
not punctured (vide Ryprer, No. 141, p. 457), exhibits pore-canals, but he does not describe 
them in the ovum of TZrigla gurnardus; yet the latter, so far as our experience goes, 
shows them much more distinctly than those of the cod; indeed, we have not yet 
satisfied ourselves concerning the latter. In the ovum of Trigla one of us has demon- 
strated that the whole surface of the capsule is minutely and faintly dotted (Pl. I. fig. 
19). This punctate appearance is especially distinct after the escape of the embryo. 
The capsule of this form in the unimpregnated condition shows numerous wrinkles—the 
yolk occupying a comparatively small area, so that a large perivitelline space exists, 
which, however, diminishes after fertilisation, until the vitelline globe almost fills the 
capsule, which at the same time becomes less distinctly wrinkled. The corrugation of the 
zona radiata is, however, a characteristic feature, and exists in all the eggs of this species. 
The zona is firm and elastic to a remarkable degree for a pelagic form, and its unevenness 
causes some obscurity—only a faint line of dots being as a rule visible along the ridge 
which happens to come into focus under the microscope. In one instance the zona 
presented a series of scale-like markings or areole (PI. I. fig. 16), probably due to an 
unusual or morbid condition in connection with the follicular epithelium. The normal 
wrinkles (seen best in 7: gurnardus) also occur in the lemon-dab (PI. I. fig. 18); and 
RYDER speaks of these in G. morrhua as fine lines crossing each other at definite angles. 
Such lines, however, are less visible in eggs which are healthy and perfectly mature. 
The typical zona radiata exhibits, as Von Barr discovered in Cyprinoids, fine striations 
perpendicular to the superficies of the yolk, and Cart Voer described at greater length 
the same feature in the Salmonide (No. 155, p. 7); while Reicnerr noted it in the ova 
of Tinca vulgaris and Leuciscus erythrophthalmus, and Leypie in Gobius fluwatilis. 
Are these striz really canals, or merely fine fibrillations, such as we find in the 
transient zona radiata of the fowl under a high power? In either case a punctured or 
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dotted appearance would be produced superficially, as in a large number of Teleostean 
eggs, especially in the comparatively dense capsules of fresh-water forms. These 
punctures may be comparatively large and distinct, as described by MULLER in Perca 
(No. 111, p. 187-8), and by Levckart in /soz; or they may be of smaller size, as in Salmo 
fario (No. 153, p. 101, and fig. 68%, c, D), Gastrosteus spinachia; or of extremely minute 
size, as in certain pelagic forms, e.g., Trigla gurnardus and P. platessa, Frequently 
the striations are observed to pass only partially through the capsule, and the outer 
stratum is then imperforate, instances of this condition being the capsule of Clupea 
(No. 87, p. 177), and Hsow (Aubert), Gastrosteus spinachia, and probably Trigla 
gurnardus. In other ova they traverse the whole thickness of the capsule, as is the case 
in Salmo farvo (No. 4, p. 198), and in Perca fluviatilis, according to the experiments 
of J. Mitier (No. 111, p. 188). The distinguished observer just named was convinced 
that, when he placed the eggs of the perch under pressure, oily matter from the interior 
of the egg could be squeezed through the canals of the zona radiata, and the canalicular 
structure of this membrane would appear to be demonstrated in this instance. Other 
observers, however, strenuously deny this, and, like ANDRE, pronounce the so-called 
canals to be nothing more than rectilinear striations directed radially from the inner 
to the outer surface of the capsule (No. 4, p. 202), precisely like the radial fibrillations 
in the zona of the fowl’s ovum. It is only necessary to observe the effect of desiccation 
on the egg of the cod, and then the action of water, to prove that a ready interchange 
occurs through the zona either by pores or by ordinary endosmose. 

Little can be said here as to the origin and growth of the zona radiata, for its 
development is already complete when the ovum reaches maturity. That it is a true 
vitelline membrane admits of little doubt ; and Horrman’s opinion, that it is secreted 
by the vitelline mass as a superficial layer during the intra-ovarian period, and is not 
separated until it shows an appreciable density and firmness, is probably well founded.* 
Ransom holds that, after it is defined as an external membrane, it continues to grow 
interstitially up to a certain stage, when growth ceases, and it performs a solely 
protective function (No. 127, p. 494). Other layers are formed later upon the surface 
of the yolk after the zona radiata has become detached as an elastic protective capsule, 
and these may claim to be called vitelline membranes, as indeed they have been styled 
by various authors. Thus, OELLACHER, when speaking of the vitelline membrane in the 
trout (No. 113), really means the stratum of germinal protoplasm, the polar segregation of 
which forms the blastodisc; while LeEREBOULLET uses the same term for the layer 
of protoplasm which ventrally limits the intestinal tract of the embryonic fish at a 
comparatively late stage (No. 93, p. 612). Such uses of the term “ vitelline membrane” 
for very different layers (though all of vitelline origin) are not to be approved, and the 
hame zona radiata is at once distinctive and appropriate for that vitelline membrane 


* The development of the vitelline membrane in Triton has been shown in an interesting manner by Mr IwaKawa, 


and his descriptions and admirable figures (see No. 75, p. 274, and pl. xxiv. figs. 24-26) will apply in the case of the 
Teleostean capsule. | 


VOL. XXXV. PART III. (NO. 19). | eS 


: F 
2 


682 PROFESSOR W. C. MINTOSH AND MR E. E. PRINCE ON 


which forms the external capsule, and subserves a protective function. When the 
embryo is sufficiently mature the capsule is burst,—the rupture being due, no doubt, 
to the vigorous motions of the young fish, which in the case of Pleuronectes flesus 
generally emerges from the capsule by pushing out its tail. 

The Micropyle.—The zona radiata is pierced by the micropyle (PI. II. fig. 19, mzc.), 
an aperture probably universally present in Teleostean eggs, and in these it varies 
very little in structure and appearance. Thus in the salmon, trout, pike, ruff, perch, 
bullhead, gudgeon, minnow, chub, and various species of Gastrosteus, Ransom’s descrip- 
tion accords almost perfectly with the micropyle, as seen in the cod, haddock, ling, 
whiting, bib, flounder, dab, plaice, gurnard, and others. At a certain point the capsule 
is distinctly thickened, and an internal conical elevation is formed, which, as BALFouR 
says (No. 10, p. 51), corresponds with an external funnel-like depression, while a 
cylindrical canal connects the bottom of the funnel with the apex of the inner papilla.* 
The thickened appearance of the capsule in the micropylar region is not produced simply 
by the protruding hillock, and due to the crateriform depression outside ; but as ANDRE 
(No. 4, p. 201) ascertained, and as may be easily demonstrated in the delicate translucent 
ova of the Gadide or Pleuronectide, the capsule is actually thicker at this point 
(Pl. X. fig. 9). Lisr shows the same feature in Crenilabrus tinca.t Viewed from 
above, three parts may be distinguished—a large outer annulus and a smaller inner 
ring, with a central pore which is the opening of a cylindrical tube. In the trout 
these measure, according to ANDRE, ‘015 mm., ‘008 mm., and ‘005 mm. in diameter 
respectively. The first-named ring is the rim of the external crater; the inner ring 
marks the narrower, deeper portion ; while the central aperture is the essential part, the 
true microlpyar canal, which is not, however, perfectly cylindrical, but midway along its 
course distinctly enlarges, and then narrows again. This sinuosity observable in the canal 
proper, ANDRE thinks, is produced by the ends of the pore-canals or radial strize which jut 
out slightly into the lumen of the micropyle (No. 4, p. 201). That the micropyle is really 
a depression, and not simply a puncture, is shown by the fact that the striations of the zona 
radiata present an inclination towards the micropyle, which is increased as the aperture is 
approached, and still more so down the walls of the crater, their outer ends being directed 
towards the cavity of the depression, and forming projections into it as just stated. 

This inclination of the strie is shown by Ransom and others; but His does not 
indicate it in his figures of she ovum of Salmo fario and S. salar (vide No. 67, Taf. 1. 
figs. 7, 8, 9, and 10); and the same may be said of List in his recent paper. Connected 
with the depression and thickening of the capsule around the micropyle, is the striking 
appearance external to the larger annulus seen in the marine and fresh-water species of 
Gastrosteus, where bold radiating strize pass away from the margin of the external crater 
(vide Nos. 153 and 67, Taf. i. fig. 15), a feature less marked in the chub, in which the margin 


* Ransom speaks in Gastrosteus of the micropyle as projecting actually into the protoplasmic disc, and of a subse- 
quent shortening of its funnel after fertilisation (No. 127, p. 450). 
t Op. cit., p. 597, fig. 2, a. 
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is crenate and the sides are furrowed. In the pike Ransom describes the micropyle as 
trumpet-shaped, and projecting slightly from the surface of the capsule (No. 127, pl. xvi. 
fig. 25, a); while in the minnow, too, the margin is raised around the outer opening of 
the funnel (Jbid., p. 456). Strize are occasionally seen in certain pelagic forms, e.g., in 
Trigla gurnardus and Gadus eglefinus, but the margin of the crater is usually sharply 
marked, and the aperture itself very clearly defined without radial markings. When viewed 
in “ full face,” the funnel seems larger than it really is on account of the torsion, so to 
speak, of the zona radiata, which appears as if bent in to form the orifice, a feature ANDRE 
particularly points out (No. 4, p. 199), and to which we have made reference above. 

The micropyle thus varies in appearance. Usually the external opening is the larger ; 
but in some cases this is reversed, a large gaping internal opening being present (vide 
fig. of ovum of G. a@glefinus, Pl. I. fig. 14), while the external orifice is small. The 
striations above mentioned are also visible in this case—the whole peri-micropylar region 
being granular, while the granules have a tendency to range themselves in radial lines. 
Near the micropyle in some examples an accessory structure is present, due apparently 
to a granular protrusion of the zona (Pl. I. figs. 11 and 15). In this and other cases 
the micropyle was distant from the germinal area. Fertilisation in pelagic eggs does not 
produce any marked change in the micropyle, certainly none like that described by 
Ransom, and just mentioned. In one instance, beside the micropyle proper, was a 
depression plugged by an ovoid granular structure, while a large group of “ oleaginous ” 
spheres lay upon the yolk near the micropyle (Pl. I. fig. 17). 

Origin, Position, and Function of the Micropyle——The mode of origin of the 
Teleostean micropyle is unknown. When first observed in the mature ovum it presents 
the features maintained throughout the subsequent history of the egg. Lrypie describes 
(No. 97, p. 376, fig. 6) the earliest ovarian egg of Trzgla hirundo as somewhat pyriform 
and stipitate, recalling, in fact, the stalked ovum of Unio, in which the micropyle marks 
the pedicular point of attachment by which the egg adheres to the ovarian capsule, as 
Carus was the first to note. Such an interpretation of the micropyle, as the cicatricule 
left by a pedicle, cannot in the case of the osseous fishes be adopted, and we are still 
left in doubt as to the way in which the aperture arises. 

It is interesting to observe that in many forms the position of the micropyle is 
constant, and corresponds to the germinal pole, where the embryonic area is formed, 
as, indeed, Ransom found in Gastrosteus. In Perca, however, the aperture is turned 
towards the inside of the egg-tube—the ova being fixed in a cylindrical mass, so that the 
possibility of the micropyle being blocked up by adjacent ova is obviated (No. 127, p. 456). 
GERBE similarly says, “that the micropyle plays an important part, as the disc always 
collects near the place occupied by it” (No. 57, p. 330). Neither Ransom nor GERBE 
examined pelagic ova; but from the later observations of Ewart and Brook, it would 
appear that in floating eggs the micropyle is always found in the lower hemisphere | 
(No. 55, p. 55). This position is, of course, the reverse of that in stationary demersal ova, 
in which a preformed disc is commonly found in the upper (animal) segment ; whereas in 
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pelagic eggs the blastodisc formed after fertilisation is also theoretically constant, but in 
the reverse segment—the animal pole being underneath, and in calm water the germ 
is usually found at this lower pole.* 

As to the function of the micropyle, most authorities are agreed that it is connected 
with the fertilisation of the ovum, affording means, in fact, for the entrance of the 
spermatozoa, Kuprrer, however, calls this generally adopted view into question, and 
doubts whether it has any essential part to play in fecundation (No. 87, p. 179). Inthe 
ova of lower forms the function named has been universally admitted from the time 
MEIssNER first described the aperture in crustaceans and insects (No. 102, p. 272), 
and LruckarT laboriously worked at the structure and function of this aperture in a 
large variety of insects. The latter, in his elaborate paper, states that he beheld sperms 
not only adhering to the outside of the egg, but entering the micropyle ; and indeed figures 
this phenomenon in the ovum of Melophagus ovinus, a crowd of spermatozoa being 
collected at the external opening, though not more than three or four find entrance. 
In Teleosteans its function appears to be solely that of affording ingress for the fertilising 
element, though Frerp. Keser (No. 77) conceives not only this to be the case, but that 
through it there is an actual outflow of the contents of the egg—the purpose of this 
outflow being to lubricate the canal and favour the entrance of sperms, as well as to 
increase the vacant space within for the reception of the spermatozoa. ial 

Meissner, who first described the micropyle in the ovum of the rabbit, thought that 
the aperture only penetrated the vitelline membrane, and that it was effectually closed 
over by the chorion outside (No. 103). A modified view has been put forward by 
Ransom, who was probably the earliest to discern and rightly interpret this aperture in 
osseous fishes. He was of opinion that a delicate film covered the micropyle, which 
was only ruptured by the entrance of sperms; and more recently Borck, in connection 
with his remarkable theory of osmotic fertilisation, to which we shall refer shortly, 
conjectures that a clear membrane, in the case of Clupea harengus, closes the aperture of 
the micropyle (No. 23, pp. 5, 6). Besides admitting sperms, a small quantity of water 
may also enter, which (water) mingles with certain organic particles, and fills up the space 
between the vitellus and the zona radiata in the extruded ovum. 


THe or Foop-Youk. 


Within the egg-capsule is the ovum proper, a spherical translucent mass, largely 
composed of fluid food-yolk. With the food-yolk, which serves for nutrition, there 1s 
interfused active protoplasm, and this, at an early stage, collects as a delicate film over 
the surface of the yolk-ball; indeed the mature ovum of Teleosteans, before fertilisation, 
exhibits a distinct superficial layer of clear protoplasm, in which minute vesicles and oil- 


* According to RypEr, the germ is lateral in Alosa. 
+t Brucn independently discovered the micropyle in the eggs of the trout and salmon (No. 35, p. 172). 
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spheres are embedded.* During the first hour after fertilisation these translucent vesicles 
are readily seen under a moderate power (450). Occasionally granular protoplasm is 
observed at certain parts of the contour of the vitellus in the haddock. A similar appear- 
ance occurs in the cod, in ova which are abnormal though still translucent. Amongst 
these vesicles are others extremely minute and very numerous, which in refracted light 
have the appearance of punctures. 

To distinguish the albuminoid matrix, which forms the greater part of the bulk of the 
egg, from the active germinal protoplasm, the name “deutoplasm,” conferred by Prof. 
E. vAN BeNEDEN, is both appropriate and convenient. This deutoplasm rarely has the 
appearance of yolk-segments contained in a sponge-like network; but is composed in 
many pelagic eggs of minute yolk-particles aggregated in a matrix apparently homo- 
geneous, highly refractive, and coagulating on the addition of water. The latter feature 
has long been known, for LEREBOULLET found coagulation to take place in the ovum of 
Salmo farvo, just as Voct had noted in Coregonus palea (No. 155, p. 11).+ Broadly 
speaking, we may say of the yolk in the Teleostean ovum that” it possesses special features 
of its own, which separate it from the nutritive matter of other vertebrates ; whereas the 
yolk of the Elasmobranchii resembles in a very marked manner that in the Avian egg. 
There is apparently little difference in the specific gravity in various parts of the deuto- 
plasmic matrix, as it retains any position in which it is placed before the aggregation of a 
polar disc; but Ransom questions whether its specific gravity is equal throughout, and 
thought that nearer the surface it is of a more fluid consistency, or, as he says, “ I had 
some reason to think a little less dense than the centre, as it ran more freely ; but all parts 
flowed from a rupture like very thick syrup ” (No. 127, p. 436). The greater density of the 
deeper deutoplasm can be readily explained by the movement of the interfused protoplasm 
surface-wards, so that the central part of the yolk-globe becomes more purely yolk- 
matter, while With the more superficial strata a larger, though constantly diminishing, 
quantity of germinal protoplasm will still be intermingled. Kowatewsky considers that a 


- protoplasmic network must exist in the yolk (Carassius, Polyacanthus, and Gobius), since 


after hardening the latter presents polygonal partitions (Zeitsch. f. w. Zool., vol. xliii., 1886). 
He also terms the yolk the entoblast, in contradistinction to the germinal disc or ectoblast. 

The freedom with which the so-called oil-globules in various forms (e.g., the gurnard 
and ling) move through the deutoplasmic globe not only proves its very fluid consistency, 
probably corresponding with that of thick cream, but shows the absence of a definite 


* LEREBOULLET inclines to the opinion that the yolk is active in the formation of germinal protoplasm ; “at any 
rate,” he says, “in the Lizard and Bird we find it before the germinal vesicle is ruptured ” (No. 95, p. 11). 

t The behaviour of the deutoplasm under various conditions was made the subject of some interesting observations 
by Dr Davy in the ovum of the charr (Salmo umbla), and he found that while contact with water in quantity coagu- 
lated it, the careful application of water in minute portions did not do so. Again, when heated even so high as 212° F., 
it did not coagulate, nor did it under the influence of steam ; whereas boiling water at once effected the change, owing, 
it was inferred, not to the heat, but to the admixture of water. While acids, salts, and alkalies had no coagulating 
influence, except when dilute, nitric acid, corrosive sublimate, and alcohol produced the change immediately, Davy 
came to the conclusion, as a result of his researches, that the deutoplasm of the charr and other Salmonoids has pro- 
perties distinct from the albumen of the Avian yolk (No. 50, p. 436). Results similar to those of Davy were obtained 
by Ransom in the various Teleostean eggs which he studied (No. 127, p. 436). 
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protoplasmic network, such as the reptilian ovum presents, or as Dr ScHuttz demonstrated 
(No. 144) in the Selachians. 

Little or no food-yolk makes its way into the germinal area, so that, as LEREBOULLET 
observes (No. 93, p. 485), it takes no part in the segmentation of the germ. Indeed, all 
evidence tends to prove that the deutoplasm is in an inert or quiescent state, and only 
passively contributes to embryonic development, being slowly incorporated by the active 
protoplasm of the blastodisc in a mode which RyDeR compares to the process of ingestion 
and assimilation in Ameba (No. 141, p. 557). 

When the eggs of Gadus morrhua are partially dried, the surface of the yolk shows 
a series of clear reticulations, which on re-immersion in water run together and disappear 
in the course of eight or ten minutes; such reticulations have, however, no connection 
with the later protoplasmic reticulation of the vitellus after epibolic extension of the 
blastoderm, and which is very noticeable in the cod, common dab (Pl. V. figs. 3, 11), 
and others. HarckkL regards it as so much passive matter contained in a gastrula- 
cavity (No. 62); but in Teleosteans it plays a more important réle in later stages than 
that of supplying crude pabulum to the germ. Indeed, the germinal protoplasm 
BaxBiani holds to be solely transformed yolk—not a mere segregation of interfused 
germinal matter. The germ, he says, is formed “by endogenous development of cells at 
the expense of the yolk or primordial protoplasm;” but he repeats the error of Costs 
that the germinal area is never formed until after fecundation (No. 9). 

J. T. CUNNINGHAM, in a highly suggestive paper, observes that the yolk and germ are 
equally concerned in the processes of cleavage; segmentation in Teleosteans (as in 
Amphibians), dividing the ovum at the first stage of cleavage not equatorially, as E. 
VAN BENEDEN holds (No. 25), but meridionally into two similar halves, each with a cap of 
protoplasm and a mass of subjacent food-matter (No. 48). This view, however, gives 
to the crude deutoplasm an importance which cannot be accorded to it, even though 
cleavage as regards the yolk be merely potential and never fully achieved. 

The separation of the deutoplasmic mass into a segmenting blastoderm (Pl. XXII. 
fig. 1, bd), and an appended ball of pabulum (Jbid., y), is more complete in osseous fishes 
than in Elasmobranchs, and imparts to the yolk rather an accessory character than that 
of an active participator in the whole process of cleavage. 

That it contributes to the growing organism, and even buds off cells to build up part 
of the enteric tract, does not conflict with this view, which is supported by the fact that 
the yolk persists as a bulky appendage on the ventral surface of the young fish (PI. XIX. 
figs. 5, 7), until a late embryonic stage, being enclosed by the body-wall, and finally 
absorbed when the post-larval stage is reached. The passive rdéle attributed to the yolk 
RypEr would confine to the early stages, while later its function, he holds, is more 
important, since it becomes through the medium of the intermediary layer an active part 
of the ovum (No. 141, p. 569). 

But this view is not inconsistent with that here maintained, for if it serves as pabulum, 
this is really a part secondary to actual participation in blastodermic cleavage, and while 
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the transformed substance of the cortex is difficult, if not impossible, to separate from the 
protoplasm of the germ proper, yet the yolk in the main is neither concerned in the 
cleavage of the germ proper, nor actively contributes to the increase of the embryonic 
tissues. In the Gadoids and other forms no vitelline circulation is established, and the 
absorption of the yolk is a slow and circuitous process.* 

Oleaginous and other Globules.—One of us has already published an account of 
these bodies, which form a striking feature in the yolk of many Teleostean ova 
(No. 125). The following remarks refer mainly to 7. gurnardus, and they still further 
explain certain statements in the paper referred to. 

In the ripe ovum of the gurnard the globule (Pl. V. fig. 5, 0g) is of a dull pinkish 
hue under a lens, while by transmitted light it exhibits a brownish yellow or pale salmon- 
tint. It is enveloped by a protoplasmic pellicle which sometimes appears incomplete, 
and forms an equatorial line, with pale pinkish vesicles studded along its border. 
Unlike those forms in which the globule is imbedded in a definite pocket (e.g., Motella), 
the globule in the gurnard, as also in Cyclopterus and Cottus (Pl. I. figs. 2, 3), is most 
mobile, and can be made to pass under the disc when the latter is uppermost. On 
rolling the egg the globule emerges from beneath the disc, and is liberated with a bound 
at the edge of the rim. Moreover, in passing round it flattens out, and again contracts 
its diameter, or rather resumes its more spherical form. At times the globule appears to 
ascend directly through the yolk, though this may be a deceptive appearance, for 
Ransom found in the very mobile globules of Gastrosteus, that while they passed freely 
through the yolk, they could not be made to go “through its centre to get to the 
uppermost segments when the egg is rolled round ; in doing so the drops often separate 
to unite again” (No. 127, p. 436). Ransom accounted for this by the greater density of the 
central yolk-substance. The passage of the globule under the rim is well seen in the egg 
of the gurnard when the germ has extended as far as the equator. In certain morbid con- 
ditions the exact relations of the globule during its movements can be readily determined. 
Thus the globule is often firmly fixed in the dead egg between the opaque blastoderm and 
the yolk, or the globule is seen at the side, and cannot be made to pass beneath the disc, 
possibly on account of the doubling of the edge of the disc, or because the investment of 
the globule and the periblast have become dense and rigid. During the earlier morbid 
stages, however, the globule is observed to pass beneath the somewhat opaque disc, and in 
certain abnormal cases, from pathological change, the globule rolls external to the disc. 

From the above observations it is evident that Mr CunninGHaw’s view (No. 48, p. 6; 
also Pl. IL. fig. 19) that the globule moves in the perivitelline space—that is, between the 
yolk and the zona radiata—is not borne out, since in experiments, such as the above, it 
passes between the disc and the yolk, and never passes through the protoplasmic cortex 
of the latter, save in rare morbid examples. In those eggs in which the rim has still a 
short distance to traverse the globule continues freely movable, and its surface next 
the yolk often presents a series of small globules and a single large central one. The 

* Vide “Significance of the Yolk in the Eggs of Osseous Fishes,” E. E. Prince, Ann, Nat. Hist., July 1887. 
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globule passes in later stages under the embryo, and for some time moves freely; but 
about the fifth day, when the blastopore closes, it becomes fixed, generally at the point 
coinciding with the vegetal pole. It now exhibits a thick layer of protoplasm, which 
becomes vacuolated in a complex manner, and gives origin to numerous nuclear structures 
as well as pigment-spots (Pl. XI. figs. 12, 13). In certain cases (gurnard) the peri- 
blast was observed to bend in from the blastodermic layers, and carry the oil-globule 
with it at its margin.* 


PERIVITELLINE SPACE. 


This space is generally very distinct, and contains a transparent fluid, usually said to be 
water, which enters the ovum after fertilisation. In an undetermined species the space 
is enormously enlarged (Pl. XIII. fig. 3). RetcHert, however, very lately observed that 
under the action of nitric acid it exhibited whitish flakes (No. 134, p. 463). Ransom again 
states that when the funnel of the micropyle is withdrawn from the discus proligerus (in 
Gastrosteus), water enters “to fill the breathing chamber.” This view was questioned by 
one of us in a short paper read at the British Association in 1885 (No. 122), the following 
statement being made :—‘ That a certain amount of water finds access to this space is 
possible, but in stained sections the fluid filling the chamber often appears coagulated and 
faintly stained, thus indicating the presence of minute protoplasmic particles. It would 
appear to be, therefore, a dilute plasma.” RAFFAELE has recently stated that the fluid 
is albuminous (No. 125a). In the gurnard various granular bodies, probably portions of 
protoplasm of a circular form, have been seen. It is possible that these agree with the 
segmenting corpuscles of RypEr and the expulsive bodies of RAFFAELE.t 


Extrusion AND DEPOSITION. 


The ova when ripe either pass directly into the body-cavity from the ovaries and out 
by an external pore, as in the Salmonide and Anguilla, or they pass to the posterior end 
of the ovary as they become mature, and thence by an oviducal aperture to the exterior. 
The latter is the more prevalent mode, and it presents two types according as the act of 
deposition is very rapid, as in the Cottoids, Discoboli, and certain Blennies; or it is slower, 
as in the Gadide, and may be even prolonged, as appears to be the case with Zrigla. 

The difficulty of ascertaining the real facts in regard to oviposition is apparent when 
it is remembered that, about even so familiar a form as the salmon, opinion has been 
up till comparatively recent times divided; the fishermen being of opinion that the 
process is gradual, and may occupy many days, whereas there is much evidence to show 
that the ova are discharged all at once, or very rapidly. In stripping a ripe female the 


* J. A. Ryper (Amer. Nat., vol. xx. p. 987) states that the periblast is hypoblastic, and that the only source of 
the nuclei in the pigment-cells of the oil-drop must be periblast; therefore these cells are hypoblastic in origin. 
KinasLey and Conn severally observe (op. cit., p. 188) that possibly the ova of all the Gadide have one or more 
conspicuous oil-globules in the deutoplasm. 

+ Op cit., p. 16. He also thinks the perivitelline space has a phylogenetic significance. 
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eggs run out with little or no pressure, and the ovaries may often be thus emptied in a 
few moments. Now if the ovaries of a female Cyclopterus lumpus, exemplifying rapid 
deposition, be examined, we find, when in a ripe condition, that the contained ova 
apparently become mature simultaneously.* In such a case great distension of the 
abdomen occurs, and the eggs are deposited in a single large mass in a very short time. 
In a female Cottus scorpius under observation, and likewise distended with ripe ova, 
oviposition occupied only a few seconds. 

A very different condition obtains in other forms, such as Molva vulgaris or Pleuro- 
nectes flesus, in which a large proportion of the ova ripen together, yet the act of extrusion 
is more deliberate and slow; while in Gadus morrhua, or more distinctly in Trigla gur- 
nardus, the eggs reach maturity by successive strata, a comparatively small proportion of 
them being ripe and translucent. The latter generally pass posteriorly, and collect near 
the genital opening—ready for extrusion.t Isolated ripe ova, however, are scattered 
throughout the ovaries, and in such forms the extrusion of all the eggs in a single female 
must extend over a prolonged period. 

While the ova remain in the body of the fish they are bathed in a mucilaginous fluid, 
so that they easily glide over each other, and thus their egress is facilitated. This ovarian 
mucus seems to have different properties in different species of Teleosteans, either dis- 
appearing on mixing with water, as we see especially in the non-adhesive floating eggs of 
the cod, haddock, whiting, ling, gurnard, skulpin, flat-fishes, and also in the demersal eggs 
of the Salmonidz, or remaining glutinous and adhesive for some hours—the eggs clinging 
strongly together and forming irregular spongy masses, as in British Cottoids, Discobolli, 
various species of Gastrosteus, as well as the recently discovered ova of Anarrhichas. In 
Lepadogaster,t however, the ova are fixed singly to shells, sticks, sea-weeds, and other 
structures. 

After submergence in sea water such ova become so strongly cemented that some 
force is required to separate them, and the egg-masses of forms like Cyclopterus adhere so 
firmly that many of the ova are usually injured in dislodging them. Whether the 
mucilaginous nexus which binds ova like those of Lophius piscatorius together in 
considerable masses, or forms a thick, tenacious layer outside the zona radiata in eggs 
such as those of Perca fluviatilis, be really an excessive secretion of the mucus spoken of 
above or not is undetermined. 

Demersal ova appear to be deposited by the female on the very sites where the whole 
course of development, up to the time of hatching, will be undergone. With pelagic ova 
the case is very different; during development they may wander far from the place of 
deposition. | 

It must be noted, however, in the case of the cod, and other food-fishes, that the 
grounds upon which the adults congregate are those where the surface specially abounds 
with their pelagic ova, as Sars first noted at Lofoten. 

Upon extrusion the buoyancy of pelagic ova is strikingly shown, for, if ripe, they at 
* Vide Nature, June 1886. +t Vide No. 104, p. 363, &c. -} Vide No. 106, p. 434. 
VOL. XXXV. PART ITI. (NO. 19). 9 T 
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once ascend like minute crystalline globes of oil, and before fertilisation, as well as after, 
they swim freely in the water (No. 11, p. 36, and No. 65, p. 450). Not only are these 
pelagic ova found at and near the surface of the sea, but, in many areas, throughout the 
greater part of its depth. Moreover, they occur in great numbers near the bottom. In 
calm regions they congregate near the surface in scattered groups, and show no tendency 
to adhere together, save in such exceptional instances as those before mentioned. The 
slightest agitation scatters them, and they are carried to and fro by the currents in the 
surrounding medium.* In very still water in tanks they often form layers extending over 
a considerable area, the lower strata sustaining by their buoyancy the superimposed 
layers, which are even and regular to a remarkable degree (Pl. I. fig. 10). Their 
buoyancy is readily affected by a variety of conditions, especially by adulteration of the 
sea water in which they float. In impure sea water t and in fresh water they sink, as 
they also do in alcohol, in which fluid they rapidly become opaque. Dead eggs never 
float, and dying eggs, though remaining translucent, lose their buoyancy. Healthy eggs 
are rapidly affected by unhealthy or putrid ova in their vicinity, a fact showing that the 
zona radiata is pervious, and that endosmosis and exosmosis readily take place, as indeed the 
absorption of water by the partially desiccated ova of the cod (vide p. 681) clearly shows. 

In demersal and pelagic ova unhealthy or dying eggs are readily recognised by the 
opacity of their contents ; and an offensive odour, if the eggs are in masses, indicates that 
they are dead. Small groups of demersal ova, such as those of Cottus and Cyclopterus, 
when dead, may be kept for many weeks in still water in a flat vessel without undergoing 
much change in outline, though of course opacity is complete. 

Fertilisation.—With very few exceptions (eg., Gambusia patruelis,t Sebastes 
norvegicus, and Zoarces viviparus) the ova of Teleosteans are fertilised after expulsion 
by the shedding of the milt, on the part of the male, in their neighbourhood. The rapid 
diffusion of the milt in water by the serpentine movements of the spermatozoa is very 
striking—they spread through a large area, and in tanks used for artificial fertilisation and 
rearing it is difficult to keep ova in an unfertilised condition if sperms can by any 
possibility find access through the supply-tank.§ 

In demersal ova deposited on the sea-bottom, on zoophytes or shells, or (in littoral 
forms) beneath shelving rocks, in hidden nooks of tidal pools, and in some cases in 
nests constructed by the male fish, fertilisation is usually ensured by the proximity of the 
male, which may even carefully guard the ova during development, as is notably the case 
in Cyclopterus lumpus (vide No. 107, pp. 81, 82); but even in this species masses of eggs 
occasionally are found whose fertilisation has not been accomplished. This may some- 
times happen in the case of pelagic ova, though experiments at the Laboratory have 
shown that eggs of haddock may remain for a considerable time unfertilised, and yet be 


* See HENSEN’s observations proving that pelagic ova are widely scattered in the sea (No. 65, p. 449). 
+ Vide No. 104. t No. 14], p. 461. 


§ As occurred to Professor Ewart and Mr Brook at the Rothesay Aquarium, and also with Motella in the St 
Andrews Laboratory. 
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successfully fecundated—a series of ova of the species named being fertilised sixteen 
hours after oviposition ; and in the case of the ova of the herring from the deck of a 
fishing boat, G. Brook states that forty-eight hours have been allowed to elapse, yet fertil- 
isation was found to be successful. 

More uncertainty probably exists in the case of pelagic ova, which after expulsion are 
never quiescent, but may travel over large areas, so that at times their fertilisation must 
be a matter of chance. The fishes at the spawning season congregate, it is true, in vast 
numbers, males and females thus herding together; but ripe females may occasionally 
shed their ova where it is problematical whether sperms will ever reach them, and in this 
way we can account for the quantity of dead eggs of plaice and cod which HENsEN found 
while dredging in the inner bay of Kiel (No. 65, p. 429), though changes in the nature of 
the water have also to be taken into account. If no spermatozoa reach them within a 
limited time after extrusion, pelagic eggs lose their glassy transparency, and descending to 
the bottom assume the white opacity and wrinkled appearance of dead ova. In demersal 
forms, with a denser capsule, the unhealthy or dying condition is not so readily seen; 
but opacity of the contents, and especially an increasingly offensive odour, if in masses, 
are unmistakable indications of loss of vitality.* 

The relation of the micropyle to effective fertilisation has been already treated of ; 
and many authors regard its position as of the highest importance. GERBE, indeed, 
satisfied himself in the case of the trout that this position is always superior, and 
he took pains to secure this condition when performing artificial fertilisation (No. 57, 
p. 330). In the uppermost segment he found after fertilisation that a granular layer is 
formed by a process of thickening, so that a “ nuage vague ” condenses as a circular area 
always in relation to the micropyle. GERBE would extend the observations he noted in 
the trout to the ova of Teleosteans in general, and certainly in many demersal forms the 
blastodise concentrates in the uppermost segment, and the micropyle is stated to be 
uppermost ; yet in pelagic eggs the disc would appear always to be formed at the inferior 
pole, and in such eggs if the constancy of the position of the micropyle be well founded, 
it must be no longer uppermost, but on the under side of the egg, and such is affirmed to 
be the case, though there are difficulties in the way of such an affirmation, and many 
reasons for holding that the position is not necessarily constant. 

Demersal ova do not show a uniformity in the situation of the micropyle, for in the 
egg-tubes of Perca it is not uppermost, but directed to one side, so that it opens into 
the lumen of the cylinder; and Gerse found that it occupies a like position after 
fertilisation in Salmo fario, the capsule he says, moving through a quadrant, so that the 
micropyle is no longer uppermost ; “this change simply alters the respective positions of 
the cicatricula and the micropyle, and when accomplished the phenomenon to all intents 
and purposes is ended ” (No. 57, p. 331). 


* The ova of Osmerus eperlanus would seem to become opaque very rapidly, for CunnincHam notes that the 
unfertilised eggs sank to the bottom, remained unattached and free, and became opaque-white shortly after expulsion, 
though at first they were of a translucent yellow (No. 49, p. 293). 
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The artificial fertilisation of the eggs of osseous fishes is easily performed, it being 
only necessary to apply ripe spermatozoa (Pl. I. fig. 9) from the male to mature ova 
placed in water. If ova and the male element be placed in the same vessel of water, the 
process is accomplished in a few moments. The exact mode by which it was really 
accomplished remained unknown until Ransom not only saw and truly interpreted the 
micropylar opening, but watched spermatozoa make their way into the aperture.* “I 
saw,” he says (No. 127, p. 461), “an active spermatozooid enter the apex of the funnel, 
and disappear as if inwards ; a quarter of a minute more had not elapsed before the bright 
circle which marks the aperture became indistinct from shortening of the funnel ; during 
the next two miautes I saw three more spermatozooids enter the apex and vanish 
apparently inwards.” Notwithstanding the clear and unmistakable observations pub- 
lished by Ransom, the process of fertilisation is one about which much discussion has 
taken place. Kuprrer, as already mentioned, has even doubted that the micropyle 
plays any essential part in fertilisation (No. 87, p. 179); and Borck has advanced a 
theory of endosmosis which is somewhat like the explanation Newport put forward in one 
of his earlier treatises, when, having failed to detect in the ovum of Rana any perforation 
or fissure by which sperms could find access to the egg-contents, he said that mere contact 
with the external envelope must suffice for fertilisation, as he never found spermatozoa in 
contact with the yelk-membrane, or even within the substance of the external envelope 
(No. 112, p. 203). This endosmotic theory Newport afterwards abandoned, and adopted 
the opinion which Dr Martin Barry had put forward—in accordance with the views of 
LEEUWENHOEK, and Prevost and Dumas (No. 121), that the spermatozoa penetrate bodily 
into the ovum (No. 21, p. 309). Ransom’s explicit account decides the matter, the situa- 
tion and structure of the micropyle clearly indicating its purpose, viz., the admission of 
the spermatozoa to the germinal elements within the ovum (No. 127, p. 462). G. Brook, 
again, has recently affirmed that in Clupea spermatozoa enter on all sides. The interesting 
question remains as to whether one or more spermatic bodies are concerned in the normal 
fecundation of a single ovum. The presumption that one spermatozoon suffices is 
strong, but there are peculiar difficulties in the case of the Teleostean ovum in actually 
_ observing the fact. The entrance of these bodies has been watched in many Inverte- 
brates, and one spermatozoon is usually found competent to effect fertilisation, though 
SELENKA found (in Toxopneustes variegatus) that while one usually enters, several may 
find access, and normal development still follow. Three or four indeed sometimes enter, 
as Hertwie and Fou observed in the same species, and the separate pronuclei formed by 
each usually fuse with the single female pronucleus; but they found that subsequent 
cleavage was irregular (No. 66). In Petromyzon CaLBERLA’s investigations show that 
one sperm only enters, the enlarged head-portion separating at the outer micropyle from 
_the tail which is left behind, while the head penetrates the yolk or rather passes along a 
protoplasmic process, which penetrates the yolk and reaches the female pronucleus at the 
inner extremity (No. 38, p.464). Koprrer and BENECKE, again, found that several sperms 

* Doyére had previously seen the micropyle in Syngnathus. 
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may enter in this form (No. 89). In osseous fishes a similar condition would appear to 
obtain, one spermatozoon being sufficient; but as this does not plug up the micropyle, 
others may also enter, indeed, Ransom observed this in Gastrosteus. ‘1 watched closely 
one egg,” he says, “ which was placed with the micropyle in full face, so that the aperture 
at its apex was well seen. Spermatozoa approached and entered the funnel, and 
one was watched till it disappeared, apparently in the direction of the interior of the 
egg, just at the moment when it seemed to occupy the aperture at the apex of the 
micropyle. Immediately after the depth of the funnel began to diminish, and a 
breathing chamber commenced to form; two or three more spermatozoa were, less 
distinctly, seen playing about in the apex of the funnel as it was shortening; one of 
them appeared to become still before it vanished apparently inwards” (No. 127, p. 461). 
The exaggerated length of the micropylar funnel, which Ransom describes in G'astrosteus 
as enabling it to dip into the granular discus proligerus, has not been described in other 
Teleosteans, Neither ANDRE nor GERBE mention it in the trout, nor does His show it 
in the trout or salmon; while in pelagic eggs the micropylar eminence, though distinct, 
is not by any means prominent (PI. I. figs. 11-14). A lengthened micropyle is indeed 
unnecessary, the mere presence of the spermatozoon within the ovum being the 
essential point. The actual entrance of sperms has been seen in very few Tele- 
osteans. Ransom, as already noted, saw them occupying the external orifice of the 
micropyle, and ANDRE speaks of observing a sperm apparently entangled, in the micro- 
pylar canal, by the jutting ends of the radial strie, which appeared to him to serve 
for securing the sperm after its entrance (No. 4, p. 201); but there seems to be no 
column of protoplasm facilitating the passage of the sperm from the micropyle to the 
female pronucleus, such as CALBERLA describes in Petromyzon planert. The head of 
the sperm in this form separates from its flagellum, and passes along the proto- 
plasmic column, which withdraws from the micropyle (CALBERLAa’s aiussere Mikropyle), 
and the sperm proceeds through the neck of the column (distinguished as the inner 
micropyle) to the enlarged central termination, where the “eikern” or female pro- 
nucleus is seated. Here conjugation of the two pronuclei is effected (No. 38, p. 458, 
Taf. xvii. figs. 5, 6, 7, and 8). Possibly the preformed discus proligerus may repre- 
sent this column; and in those Teleosteans in which no disc is formed, the distance 
between the inner orifice of the micropyle and the protoplasmic cortex of the vitellus 
is insignificant. The spermatozoa of Teleosteans seem to be of the ordinary type, 
and show, so far as observations go, little difference in structure—the usual head 
or enlarged portion being distinguishable from the hair-like tail or flagellum (PI. I. 
fig. 9), 

Polar Globules.—The details of the phenomena of fertilisation in osseous fishes are 
probably not unlike those in forms more fully known. Horrman has described the 
formation of the pronucleus and ejection of a polar globule in Scorpena, Julis, and 
Crenilabrus, and he states that the globule closes up the orifice of the micropyle, 
and prevents the admission of other sperms after that of the single sperm which 
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accomplishes fertilisation.* He, however, states that the extrusion of polar bodies, the 
disappearance of the nuclear spindle, and the aggregation of the germinal area may 
take place independently of impregnation. KiINnGsLEy and Connft describe and figure 
a polar globule in the egg of the cunner apparently after maturation. The globule 
appeared in the centre of the aster, and passed through the micropyle. List recently 
does the same in Crenilabrus pavo, the body being globular at seven minutes and rod- 
like at thirty minutes.[ RyperR noted in the ovum of Gadus morrhua a minute 
granular papilla projecting from the early germ, and looked upon this as representing the 
polar cells derived from the germinal vesicle (No. 141, p. 477). In Trigla gurnardus, 
twenty-five minutes after the addition of sperms, a somewhat cylindrical nuclear body 
has been observed in the superficial protoplasm (Pl. I. fig. 17, a). It exhibited very 
slow amoeboid movements, and five minutes after it was first noted it had shortened 
and contracted in the mid-portion as if dividing into two—a wide granular border 
extending round it (Pl. I. fig. 17, 6). Three minutes later the two separating parts 
closely approached, and the body became still more contracted and compact—the 
granular margin also becoming less (PI. I. fig. 17, c); but the median cincture was still 
plainly marked ten minutes later (Pl. I. fig. 17, d). A side view of a similar structure 
in another ovum exhibited two spherical nuclear bodies enveloped in a vase-shaped mass 
of protoplasm, and from the centre of its wide upper surface radial striations diverged 
(Pl. I. fig. 17, e). No similar appearance has been observed in other pelagic ova seen by 
us. Mr CunNINGHAM was more fortunate with the ovum of Pleuronectes cynoglossus, 
and he describes a polar globule in this species.§ 

The more obvious features in the living ovum after fertilisation are—(1) The 
meridional streaming of the cortical protoplasm to the animal pole. (2) The formation, 
or, in certain forms, the visible increase in the size of the blastodisc, and its assumption of 
a more definite contour. (3) The disappearance of the minute clear vesicles which stud 
the entire cortex of the vitellus, probably as a consequence of the transference of the 
protoplasm to one pole—by which they are carried to the region of the disc. In many 
forms a change in the optical appearance of the yolk is seen. Ransom noticed this, and 
says that the increased clearness and translucency of the yolk is in part due to distention 
and greater transparency of the enveloping layer (No. 127, p. 458); indeed, the whole 
ovum after fertilisation assumes a brighter and more tense appearance. Finally (4), a 
space slowly becomes apparent between the vitelline globe and the inner surface of the 
zona radiata, so that the egg-contents are no longer closely applied to the capsule, as in 
the unfertilised ovum. 

Probably the foregoing features mark the fertilised condition in all Teleostean ova ; 
but there are many forms in which, for various reasons, they cannot readily be discerned. 


* This closure of the micropyle is perhaps incomplete, as the subsequent formation of a perivitelline space is 
due to the entrance of water in the main through the micropyle, though it may also enter by the general surface. 

+ Loc. cit., footnote, p. 190. + Op. cit., p. 597, fig. ii. d. 

§ Op. cit., p. 131. 
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Especially is this the case in ova which show a preformed discus proligerus. In the pike, 
for instance, LEKEBOULLET states that both are alike, save in the formation of a “ disque 
huileux” which collects in the fertilised egg, as GerbE also describes in the egg of the 
trout, two hours after fertilisation, the circular germinal area appearing as if enclosed 
in a “crown of oil-globules” (No. 57, p. 330); yet even this feature may appear in the 
unimpregnated egg, and it cannot therefore, as LEREBOULLET confesses, be traced to the 
action of the sperm (wde No. 93, p. 478). The fertilised ovum in pelagic forms (e.g., cod 
and gurnard) is more readily distinguished, as the segregation of the protoplasm is plainly 
visible within an hour or two after fertilisation; but the transference is not to the upper 
pole, as in a large number of demersal forms, but to the lower pole, where the patera or 
flattened dise is formed of clear, straw-tinted protoplasm containing minute spherules, 
which are especially numerous at the base and periphery. During the process of segrega- 
tion the contour of the vitellus becomes very distinctly corrugated—an appearance pro- 
duced by the streaming of the protoplasm along definite meridional lines; and pelagic 
forms are especially favourable for observing this polar transference. Ransom, in common 
with other observers, wholly failed to detect this movement (No. 127, p. 458), though he 
says that the granules often form radial lines round the margin of the concentrating disc 
(Ibid., p. 459). Besides passing along the superficial areas, much protoplasm probably 
also glides in the deeper strata of the vitellus to the base of the germ during the first 
hour after entrance of the sperm. Such streaming of the protoplasm towards the disc has 
been noted by many observers, and recently KowaLewsky has described it in Carassius, 
Polyacanthus, and Gobius (No. 86). In two hours or more, according to the temperature 
and other conditions, a plano-convex disc is formed, composed of an almost homogeneous 
matrix. The disc in the fertilised ovum is always well defined and prominent, and 
continues to receive additions of protoplasm, so that it increases in size, and becomes more 
pronounced; whereas in the unfertilised ovum, when a disc is formed, it becomes ‘“‘ vague, 
irregular in outline, and loses coherency” (No. 57, p. 330). The primary segmentation- 
nucleus has rarely been detected in the blastodise before cleavage, granules and colourless 
vesicles alone appearing in its matrix. The breathing chamber gradually becomes more 
distinct; but this may also happen in the unfertilised condition, as Ransom found that such 
ova may, after being in contact with water for an hour, show this marked interspace. Its 
formation, as well as the concentration of the disc, Ransom holds to be only indirectly 
due to the spermatozoa, which may render more easy and rapid the influx of the 
surrounding medium into the egg (No. 127, p. 463). The same observer carefully studied 
the formation of this space in Gastrosteus, and states that it first appears close to the 
micropyle, whence it ‘ gradually extends over the rest of the yolk-ball, being complete in 
three to five minutes after the spermatozooids have been applied” (Ibid., p. 457); but ina 
note at the foot of the page he says that water may enter more freely, and the chamber 
arise simultaneously in the ova of other fishes. NEwport, who was the first to signalise 
this perivitelline space, speaks of it as “respiratory,” and being in Rana “at first but a 
small area” (No. 112, p. 187), a view coinciding with Ransom’s upon the same ovum, for 
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he believed he saw it arise, just as in Gastrosteus, near the micropyle. Most recent 
observers, including List, describe this perivitelline space in Teleostean eggs. To 
what is the formation of this chamber due? Does the vitellus, which before fecundation 
fills up the intra-capsular area, diminish, or does the external capsule really enlarge? On 
the one hand; Ransom maintains that the yolk-sac or capsule enlarges (No. 127, p. 457); 
while, on the other hand, GErBE believes that, by the contraction of the vitellus, this 
“zone of separation” is produced (No. 57, p. 330). Keser has further surmised that part 
of the contents of the egg may flow out through the micropyle (No. 77), and the egg- 
mass would thus decrease. Kuprrer considers that both the first mentioned phenomena 
happen, for he says that in Clupea not only does the yolk contract, but the capsule 
enlarges by as much as one-quarter of its diameter (No. 87, p. 185). A still more 
marked increase in size LEREBOULLET noted in the egg of Perca, which, he says, by 
absorption of water through the radial tubes acquires a volume twice that which it had 
before extrusion (No. 93, p. 471). Usually, however, the enlargement of the Teleostean 
ovum is so small as not to be readily noticed. 

Movements of the Yolk.—The curious movements of the vitelline mass, which have 
been described by many observers, and are stated by Ransom to be “the most striking 
phenomena which follow on the entrance of the spermatozooids into the egg” (No. 127, 
p. 463), are not visible in all Teleostean ova. At any rate, if performed at all, they are 
obscure, or so imperceptible as to have escaped notice in pelagic ova, while in demersal 
ova they are occasionally not exhibited—LEREBOULLET indeed affirming that in Perca 
fluwatilis the egg-contents remain unmoved, and at no time show the intra-capsular move- 
ments so remarkably distinct in EHsow (No. 93, p. 503). He further says—‘ I have not 
seen it (the rotatory movement) in the white fishes, of which I have observed many species, 
and M. Voct has not noticed it in Coregonus.” In addition to the undulations, or 
‘ oscillations ” as Ransom terms them, which usually pass like a wave of contraction from 
one pole * to the opposite pole, and occasionally along the equatorial line, producing a 
dumb-bell outline in the latter case, there are rotations of the vitellus en masse. Ransom 
did not observe any rotation in Gastrosteus, which exhibits the oscillations very distinctly, 
nor did he in other ova, though he admits that such movements on the polar axis were 
not improbable. LEREBOULLET again speaks of another movement, in fact, a simultaneous 
double movement: the vitellus, he says, “ exerce un mouvement de rotation sur son axe et 
un mouvement de translation autour de la coque” (No. 93, p. 497). These motions seem 
to continue during the early progress of cleavage, but cease, according to LEREBOULLET, when 
three-quarters of the yolk-surface are enveloped. He describes at this later stage, in 
Esox, an alteration in the form of the vitellus; it elongates and becomes pear-shaped, the 
narrowest diameter circumscribing the part of the yolk not yet covered by the extending 
blastoderm. BAmMBEKE, in Leuciscus (?), described the same change of shape, and speaks 
of the opening (the blastopore, or trow vitellaire of C. Voat) as resembling the mouth of 


* Ransom says the pole at which the movements commence is that resting on, 7.¢., in contact with, the capsule ; but 
this can hardly be so. 
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a balloon (No. 20a). The change of outline BaMBEKE attributes to epiboly, the blastoderm 
squeezing the fluid yolk out of shape ; and this is not improbable, for in various pelagic 
ova the naked yolk, 2.e., that part not yet covered, projects boldly from the blastopore 
like a plug pressed out from the diminishing aperture. The change in shape 
might be attributed to the contractility of the yolk—an inherent property according to 
ReicuErt (No. 134); but there is much reason for holding that the active agent is the 
amceboid protoplasmic cortex, or the blastoderm itself external to that layer. A most 
remarkable phenomenon was observed by LEREBOULLET in the ovum of Esox at the stage 
just referred to, when the usual rotation is perceptibly diminishing, for he states that 
the blastoderm seemed to continue its rotation “as if disconnected from the yolk, and 
the latter continued to turn from right to left as though inside a loose sac” (No. 93, 
p. 491). 

What the significance of these varied movements really is cannot be definitely stated; 
but that they are connected with the separation of the germinal matter from the food- 
yolk proper, as RANSOM surmises, seems very probable. Ransom, indeed, would go further, 
and regard them as a form of contractile movement, not remotely connected with seg- 
mentation (No. 127, p. 495); and it is noteworthy that these movements cease when the 
germinal matter has, for the most part, separated from the trophic element in the 
vitellus. The yolk alters its form soon after fertilisation, as LEREBOULLET observed in the 
pike; and he refers to a movement of the constituent elements of the egg—the marked 
flattening of the spherical yolk, which now becomes elliptical (see No. 127, pl. i. fig. 17), 
while the blastodise projects prominently from its surface. 

Whether the yolk-matter itself, or the protoplasmic envelope outside, really produces 
the rhythmic contractions referred to, the phenomena depend, as Ransom found, upon the 
presence of oxygen in the surrounding medium, while carbonic acid produces total cessa- 
tion or a marked repression of these movements (No. 128, p. 237). They seem to demand 
less oxygen than cleavage proper (No. 127, p. 495), though the amount of oxygen used is 
small; and Ransom did not succeed in obtaining chemical evidence as to the products 
of the oxidation which undoubtedly goes on. 

The conclusion that all the movements collectively known as yolk-contractions are 
connected with the polar segregation of the germinal protoplasm, is probably near the 
truth. That their existence, or at any rate their vividness, is correlated to peculiarities in 
the early development of the germ there is no proof, and Ransom’s conclusion is very 
much at variance, indeed, wholly opposed to the facts, when he says that such movements 
in Esox and Gastrosteus are connected with rapidity of development (No. 127, p. 495). 
These forms, instead of hatching in a shorter time than those with slow or indistinct con- 
tractions, have an embryonic development unusually prolonged, so that the reverse of the 
above conclusion is really true, viz., that the ova in which these movements are not 
merely indistinct but imperceptible, are of all forms the most rapid in development, 


and of such rapidly developing eggs those of the Gadide and Pleuronectide are marked | 


types. 
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IV. SEGMENTATION. 


At the time segmentation begins (always within a few hours after fertilisation) 
the process of segregation is to a great extent completed, and the germinal disc is 
defined as a thickened patera of clear protoplasm lying upon the yolk in those forms 
whose upper segment is the animal pole, or depending from the yolk in those ova 
with an inferior animal pole, and separated by an intermediate stratum, which differs 
both from the yolk and the germinal matrix. Thus ova of the haddock, fertilised at 
2 P.M. on 23rd March 1886, showed at 8.50 P.M. a uniform prominent mass or cap of 
protoplasm without trace of segmentation. At the margin were numerous protoplasmic 
processes, rising in some cases on the surface of the yolk into globules. On the second 
day thé rim of some of the granular spheres projected beyond the disc at the lower pole. 
Whether the separate cells, seen during development, in the perivitelline space are 
due to these projections is unknown. In the cod, again (see Pl. X. fig. 9), the spheres, 
which differ in size, show minute granules. The nuclei of the spheres are not always 
easily seen in the living egg, but with due care can generally be made out. 

Ryper is right in saying that the cleavage does not at first go quite through the disc, 
the contrary being stated by Kincstgy and Conn. The latter authors noticed marked 
amoeboid movements at the 4- and 8-celled stages, processes being sent out by the spheres. 

In the early stage of segmentation the Teleostean egg shows external larger spheres 
and internal smaller ones (PI. IX. fig. 8), just as Janosik* found in Crenilabrus and 
Tinca, the internal dividing more quickly than the external. This, likewise, is observed 
in the Elasmobranch egg. 

We have seen that all the features of the fertilised ovum may appear to some extent 
in the unfecundated egg, and though segmentation is usually an indication that fertilisa- 
tion has taken place, it is not infallibly so. Ox ~iacHErR found cleavage-lines passing 
across the germ in an unimpregnated egg of the fowl (No. 113),t and in Teleostean ova 
the disc may break up into segments by an irregular kind of cleavage. Its abnormal 
character is soon revealed, resembling as it does the cleavage of unhealthy and dying 
eggs, the cells always showing great irregularity, and the protoplasm composing them 
assuming a more or less marked opacity or a granular appearance. Both in size and 
shape LEREBOULLET found that these abnormal cleavage-segments differed from the 
normal (No. 93, p. 485). 

The Cortical Protoplasm.—The blastodisc is formed by the segregation at one pole of 
protoplasm, which, moreover, constitutes a superficial and tenacious layer around the 
vitellus. This layer is itself derived by centrifugal transference from the scattered proto- 
plasm mingled with the general matrix of the yolk, a phenomenon which recalls the 
formation of the periblastula in the crustacean ovum, such as that of Astacus. In this ovum 

* Archiv f. Mikr. Anat., vol. xxiv. 


+ Biscnorr (Ann. d. Sci. Nat., iii. sér., Zool., t. ii.), HENsEN (Centralblatt f. die Med. Wass., 1869), Kipp (Quart. 
Jour, Mier. Sci., xvii., 1877), and others have confirmed OELLACHER’s observation in other forms, especial)y Mammals. 


DEVELOPMENT AND LIFE-HISTORIES OF TELEOSTEAN FISHES. 699 


the protoplasm interfused with the yolk also collects at the surface, though it is not 
visibly separated by a line of demarcation, and can only be recognised by its texture and 
property of readily staining. re long it completely separates from the granular deuto- 
plasm, and forms a superficial blastodermic layer enveloping the yolk.* In the same 
manner a protoplasmic cortex, like the periblastula just mentioned, forms an equal layer 
over the yolk in fishes’ eggs, but is not at first sharply defined, though later it is so. 
Batrour observes that in Elasmobranchs the disc is merely a part of the ovum in which 
the protoplasm is more concentrated, and the yolk-spherules smaller than elsewhere. 

In the ova of the haddock on the second day the blastodise shows small “ oil-globules ” 
amongst the protoplasm between the spheres, and the disc presents a pale salmon-tint by 
transmitted light. Usually it appears to consist of homogeneous protoplasm, with numerous 
small spheres of oil or indifferent fluid and scattered granules. In Clupea harengus no 
cortical layer is present before segmentation, according to Kuprrer (No. 87, p. 179), nor 
is a blastodise preformed, this latter feature being shown also by Gadoid and other 
pelagic ova, though in these eggs a cortical layer is well defined before fertilisation. 
Notwithstanding that the cortex seems thus sharply marked off from the yolk, there is 
good reason to believe that the centrifugal movement of the deeper interfused protoplasm 


does not cease when the layer is formed, and KLEIN refers to this process as the feeding | 


of the cortex upon the yolk for purposes of growth (No. 79). Batrour also speaks of 
certain nutritive elements of the yolk as being converted into protoplasm (No. 11, note 
at foot of p. 679), and Kuprrer (No. 88, p. 214) and Rrengck (No. 137) have adopted a 
similar view, as also more recently has G. Brook (No. 30). 

No nuclei can be detected in the cortex; but clear structureless spheres occur in 
small groups, or singly over its surface, and these coalesce later, and form larger spheres, 
which are found at the base of the blastodisc during segmentation. RypER has 
determined their composition to be that merely of an indifferent fluid (No. 141, p. 467). 
Outside this cortical protoplasm Ransom distinguishes a delicate homogeneous layer, his 
“inner yolk sac,” which is not possessed by the more immature eggs. In “ the smallest 
intra-ovarian ova” examined in saliva, he says “the yolk is granular and irregular, not 
smoothly defined as it would be were an inner sac present” (No. 127, p. 442); and in ova 
two-thirds their full size, also, he failed to perceive it. When intact it seems able to 
resist osmotic currents in Salmo salar, and it varies in bulk, being unusually thick in the 
ruffe (Acerina) (Ilid., p. 453). 

Such an inner-sac would appear to be sheet in Gadoid and similar pelagic ova, 
and indeed in the forms studied by Ransom the precise nature of the so-called inner-sac 
is a subject for further investigation. He regards it as a membrane, as performing 
contractile movements, and as folded in along the lines of blastodermic cleavage 
(No. 127, p. 479). 


It is difficult, however, to conceive a structure, meriting the name membrane, envelop- 


ing yolk and germinal disc so closely as to be almost inseparable, and involved in the — 


— * Vide REICHENBACH, “ Die Embryonalanlage und erste Entwickelung des Flusskrebses,” Zeit. f. w. Z., xxix., 1877. 
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cleavage-process. The view that it is simply the cortical protoplasm, and not a definite 
membrane (vide No. 122, p. 445), is supported by certain facts which Ransom mentions, for 
he speaks of the inner face of the yolk-sac as ill-defined and closely connected with the 
formative yolk (No. 127, p. 433), and that on rupture the shreds change their form 
(Ibid., p. 478) and are frequently drawn out into thread-like prolongations (p. 468) ; 
while he further describes it as continuous with the blastoderm (p. 467), and admits 
that, as it ultimately shares in the cleavage process, it ‘‘ may to that extent be considered 
a part of the formative yolk” (p. 433) or germinal protoplasm. The presence of a 
like membrane investing the germ has been maintained by ScHENK in the ovum of 
Elasmobranchs (No. 142), but other observers, including Leypie and Ba.rour, have 
denied its existence. The yolk-sac described in the hardly mature ovum of Rana by 
CraMER (No. 45, p. 33) as a distinct membrane before cleavage begins, is merely the 
more consistent superficies of the yolk-ball, and not a separable structure. The fact 
seems to be that what Ransom regards as a distinct membrane is the cuticular stratum 
of the protoplasmic cortex, and is therefore less of the nature of a sac than that of an 
external layer, slightly more consistent than the protoplasm underneath. Ransom 
admits that in a sense it may be so regarded (No. 127, p. 433); and it is adherent to 
the blastodisc, over the outer surface of which it passes, and probably constitutes the 
clear matrix, as distinct from the granules of the disc. It forms folds at the margin of 
the clefts during segmentation, “reminding one,” he says, “of the ‘ Faltenkranz,’— 
described by RetcHert and by Scauttze in the frog’s egg,’—these folds being in fact 
the familiar corrugations produced by the cleavage and separation of the blastomeres. 
Sections through the disc at this time show no investing membrane, though it is true 
that the cortex takes a slightly deeper stain than the underlying matrix of the 
blastomeres, but the one insensibly passes into the other. Batrour also found, in the 
ova of Elasmobranchs, that the surface was very susceptible to stains, and that the sides 
of the furrows took a deep colour ; but such appearances did not suffice, in his view, to 
demonstrate a separate membrane, so that in Teleosteans, also, we must, with LEREROULLET, 
affirm “l’absence de membrane propre” (No. 95, p. 13) outside the blastoderm. That 
Ransom’s layer is simply the cortical protoplasm is shown by the fact that on rupturing 
it no coherent layer beneath held in the contents, but the food-yolk immediately flowed 
out (No. 127, p. 465). Ransom himself also speaks of the formative yolk as a layer invest- 
ing the yolk-ball. We cannot, therefore, recognise an inner yolk-sac as such, for the 
somewhat viscid and coherent layer, which alone appears to envelop the yolk, would 
behave precisely as Ransom’s yolk-sac did, when in contact on its inner side with the 
semi-fluid yolk, and on its outer side with the watery perivitelline fluid. The whole 
of this cortical protoplasm, however, does not enter the blastodisc and undergo seg- 
mentation ; a considerable part never reaches the animal pole, but permanently clothes 
the yolk-globe, and part of it may temporarily form a supplementary disc at the 
vegetal pole, as Kuprrer saw in Clupea (No. 87, p. 185); while a portion remains as a 
sub-blastodermic stratum, and becomes thickened as a peripheral wall, the nuclear zone, 
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or periblast proper, around the margin of the disc. A thin stratum may also be 
distinguished creeping over the segmenting blastoderm as an external pellicle, referred 
to before as probably homologous with Ransom’s inner sac, and this layer sends down 
processes which fill up the interspaces between the large primary blastomeres 
(Pl. II. fig. 1, p). This appearance, which is distinctly seen in sections of the early 
blastoderm, may, it is true, be really the dilute plasma, or perivitelline fluid, penetrating 
the inter-blastomeric fissures, though more probably it is periblastic protoplasm, forming 
an intermediary substance, such as LEREBOULLET distinctly recognised (No. 93, p. 493), 
and as E. vAN BENEDEN figures (No. 25, pl. iv. fig. 7, &c.). 

To sum up briefly, we may say that the protoplasm interfused with the food-yolk 
continues from a late intra-ovarian stage to collect superficially as a cortical layer, and 
forms— | | 


(1) The blastodise at the animal pole, and in rare cases a transient pseudo-dise at 
the vegetal pole (Pl. II. fig. 1, bdm). 

(2) The intermediary, or sub-blastodermic layer (PI. II. fig. 1, p’). 

(8) The thickened marginal wall or periblast-ring (Pl. II. fig. 1, per’). 

(4) The superficial envelope and inter-blastomeric substance of the segmented disc 
(Pl. IL. fig. 1, p). | 

(5) The sole intra-capsular envelope of the deutoplasmie globe or yolk, prior to the 
epibolic extension of the blastoderm (PI. II. fig. 1, p’). 


The Subgerminal or Nutritive Disc.—Reference has been made to the layer of proto- 
plasm beneath the blastoderm proper (PI. II. figs. 1 and 15, a, b, c, d, e—cp), and it has 
been distinguished from the periblast proper, 7.e., the thickened peripheral wall, and the 
nuclear zone round the margin of the disc, by various names, such as “ intermediary layer” 
(BaMBEKE), “ disque huileux” (LEREBOULLET), “ Rindenschicht” (His), “ median lens or 
lentille” (E. vAN BENEDEN); while other observers, e.g., HAECKEL and Ransom, have not 
recognised it, the latter indeed saying of the blastodermic surface in contiguity to the 
yolk, that it seems to be merely “the corpuscles resulting from segmentation in contact 
with the fluid-yolk” (No. 127, p. 467). It appears to arise like the rest of the protoplasmic 
envelope of the yolk by superficial segregation, though BAMBEKE attributes its formation 
to a centripetal extension of the peripheral annulus; but LEREBOULLET'S statement 
probably represents the origin of this sub-blastodermic stratum more truly, when 
he says that in Hsow and Perca it arises simultaneously with the disc, these nutritive 
elements, as he calls them, following the plastic element in their migration to the 
animal pole (No. 93, p. 11), and at the earliest stages may, as KUPFFER supposes, give 
nutriment to the germinal disc (No. 87, p. 194). Ransom did not distinguish a stratum, 
however, but speaks of “a collection of dark oil-granules distinct from the large drops 
which float in the yolk.” He saw granules and globules of oil below the disc, and as 
these are consumed during the development of the germ-mass, it is probable that a 


kind of yolk-digestion goes on. 
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LEREBOULLET, Kuprrer, RIENECK, and OELLACHER all noticed the accumulation of 
globules under the disc in impregnated ova; and BAMBEKE (who quotes them) says these 
indicate food-particles for nourishing the germ. GeERBE figures a crown of oil-globules 
around the periphery of the disc (No, 57, p. 330, pl. xii. figs. 3 and 4, b); while 
OELLACHER speaks of his lenticular germinal mass as including a lower layer which 
imprisons many oil-spheres, and at times is seen to be separated by a distinct contour 
from the disc. OELLACHER regards it as part of the blastodisc, and BAMBEKE likens 
it to his intermediary layer, though the subgerminal disc has been distinguished 
as a separate structure, neither to be confounded with the lower part of the germinal 
disc nor with the intermediary layer. LEREBOULLET indeed distinctly affirms that 
his mucous layer underlies, as a definite membrane, the blastoderm, while it rests 
upon the nutritive disc. BAMBEKE erroneously likens his intermediary layer to this 
stratum beneath LEREBOULLET’s mucous layer in the trout (No. 20a). In LEREBOULLET's 
view, three distinct strata must be recognised at the animal pole—(1) the germinal 
dise proper, (2) the mucous or intermediary layer, and (3) the “disque huileux” or 
nutritive layer. The separation of the stratum underneath the disc into two layers has 
caused some confusion, and the distinction is perhaps unnecessary. It is readily seen 
that the lower portion of the intermediary layer will be more fully charged with oily 
spherules and granules from the yolk than the portion in apposition to the base of the 
disc, but it is needless to separate it as a distinct oii; stratum. A subgerminal stratum 
is probably not absent in any Teleostean ovum, though less prominently seen in some 
(e.g., Gadoids and Pleuronectids) than in others (Hsox and Gastrosteus), but the 
presence of a layer beneath the subgerminal stratum has been noted by very few 
observers. We cannot indeed regard LEREBOULLET’s lowest (third) layer as separate from 
his mucous layer, which has been so generally recognised in Teleosteans. This single 
subgerminal layer, in whose lowest stratum oily spheres and granules are numerous, is the 
granular layer which BaLrour speaks of, though in Elasmobranchs it consists chiefly of 
small yolk-spherules, and it is also G6rrr’s floor of the germinal cavity (the 
‘Dotterzellen”). In Teleosteans it is continuous with the peripheral wall of protoplasm 
(His’s ‘‘ Keimwall”) and the thin periblast beyond, originating in the same way, and 
persisting probably by continual renovation, the blastoderm thus feeding upon this 
finely granular layer. Kowatewsky regards the intermediary layer as a provisional organ 
(op. cit., 1886). We call by the name “subgerminal or nutritive disc” the disc-like 
stratum beneath the germ, and it embraces LEREBOULLET’s two layers—the mucous and 
the oily stratum; it is the thin central part of BamBEKr’s intermediary layer ; it is 
OELLACHER’S inner layer, holding many oil-globules, of the “ Rindenschicht ;” and although 
OELLACHER speaks of it as more coarsely granular than the disc or layer above, yet 
it is derived from it. OxLiacuer rightly compares his lower layer to LEREBOULLET'S 
mucous layer; while BAMBEKE also correctly says that both are really his intermediary 
layer. 


We can therefore distinguish (with BamBEKE) at the animal pole only two strata— 
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(1) the blastodise, or true segmenting mass; (2) a granular layer, or subgerminal dise not 
segmenting, and probably nutritive, and interposed between No. 1 and the vitellus. 


V. THe BLASTODERM. 


Within one or two hours after the entrance of the spermatozoa, the thickened cap 
of protoplasm, either preformed as a discus proligerus, or segregated as a blastodisc 
proper, undergoes segmentation. The blastodise is readily distinguished with the 
naked eye in the more transparent ova as a spot of lighter colour than the yolk 
on which it is placed; while under a lower power it is seen protruding as a discoid 
prominence at either the upper or the lower pole, according to the particular form. 
In certain Salmonide, for instance, the germ always floats uppermost, as it also does in 
the sterlet, according to SALENSKY, and in the trout; this being due, according to Ransom, 
to the oil attached to the disc, which compels it to float in the upper segment (No. 127, 
p. 450).* In a number of pelagic ova, possibly in all, the disc lies underneath the yolk, 
the animal pole being inferior ; but whether superior or inferior, the position is constant 
for the species, and there is no actual reversal, such as occurs in Cephalopods, where the 
germ and the yolk-pole exchange places at a certain stage. As the vitelline mass revolves 
freely in the perivitelline fluid, the germ may often be brought to the upper side by 
agitation in the water; but it usually seeks the lower pole at once, and remains there 
when the egg is at rest. 

BaLrour views the disc merely as a part of the ovum, which is characterised by the 
presence of more protoplasm than the rest of the vitellus (No. 10, p. 106); but while 
this is so in the Elasmobranch and Amphibian ovum, in the Teleostei the germ is so well 
marked and distinct, and, with the exception of some colourless vesicles and a few granules, 
so destitute of yolk-matter (apparently consisting of pure protoplasm) that the yolk 
becomes rather an appendix than an essential part of the germ. 

The same author supposed that the Teleostean yolk at some later stage must be almost 
entirely deprived of the protoplasm so abundantly interfused during the early stages, 
and this undoubtedly is so, the yolk-matrix before it wholly disappears increasing in 
density and coherency.t That the disc owes its origin to fecundation in all Teleosteans, 
we have seen to be an error; and the view of CostTr, which LEREBOULLET adopts (No. 93, 
p. 33), is not more tenable—viz., that the dise is derived solely from the divided and 
scattered germinal vesicle—for, in some species, the discus proligerus is formed and this . 
vesicle is seated in its midst. As the segregation of the disc proceeds, and its mass 
increases, its colour likewise becomes deeper ; and Ransom believes that it undergoes a 
physical change, “ being more solid” than in its earlier condition. 

The disc then is the essential part of the ovum, and the yolk is merely supplementary, 


* His figures the germ disc of Esox as uppermost (No. 67, Taf. i. fig. 13); but LEREBOULLET says, “Sa position est 
oblique ou, si l’on vent inclinée & Véquator ” (No. 93, p. 481). 
+ In « form like Anarrhichas the embryo remains long (several months) within the ovum, and when treated with 
alcohol the yolk becomes extremely hard, and apparently consists of a purely albuminoid matrix. This likewise is the 
case with the ovum of Salmo salar. Sea water also hardens the yolk of the latter species (vide No. 104a, p. 153). 


qq 
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though the view is held by many authorities (Van BenepeEn, No. 25, pp. 52,53; Horrman) 
that segregation is equivalent to cleavage, and that when the disc is defined the ovum 
consists of two cells—one being the germ, and the other the yolk. The behaviour 
and undoubted function of the deutoplasmic globe is opposed to this view, the separation 
of the germinal matter from the inert yolk being protracted and undefined, and wholly 
unlike cleavage. Nor in the syncytial yolk has a nucleus been discovered equivalent to 
the segmentation-nucleus formed from the fusion of the male and female pronuclei in the 
germ. Dr Martin Barry, half a century ago (No. 21, p. 313), noted in the ovum of 
Rana a nuclear body, which he described as elliptical, well defined in contour, apparently 
granular, and placed within the membrana vitelli (vide Barry’s figure, No. 21, pl. vi. fig. 
28, d), but no such additional nucleus is apparently present in the Teleostean yolk.* The 
emphatically passive and inert character of the Teleostean yolk has already been indicated, 
and the real distinction of the active germ from its trophic appendage insisted on. 
We have referred to the relation of the early blastomeres and the potential yolk-segments 
CUNNINGHAM speaks of; but however plausible that view may appear during the first 
stages of cleavage, it is difficult to maintain such a relation of blastomeres and yolk 
when the morula is reached. The disc indeed becomes disengaged from the yolk (GERBE 
says it completely separates, No. 57, p. 330), and a series of independent phenomena begin 
which concern it alone. We do not now allude to the formation of a true cavity beneath 
the disc, as this phenomenon falls to be considered later, but to the embryological 
separation between the germ and yolk, when their physical relations are most intimate. 
CunNINGHAM (No. 48), referring to the statement made by Agassiz and WHITMAN 
(No. 2) that this separation dates from the 16-cell stage, observes, with greater accuracy 
than the two authorities named, that this separation by a cavity is not seen in living 
ova at the centre of the disc, and sections prove CUNNINGHAM to be right. In sections 
the line of demarcation is broken by knob-like processes which project from the 
blastoderm into the yolk (Pl. II. fig. 1), and these appear to be masses of protoplasm 
in the act of entering the disc, though another interpretation remains, viz., that they are 
pseudopodial protuberances.t During segregation and early segmentation remarkable 
changes of form are seen in the Teleostean blastodisc—similar to the phenomena SCHENK 
noted in Elasmobranchs, and confirmed by ALEx. ScHuttz (see BaLrour, No. 10, p. 410), 
consisting of an alternate rhythmical pullulation and subsequent flattening or subsidence— 
_ @ movement which involves the entire mass of the unsegmented disc (so that it seems 
to draw together and become compact and prominent). This is shared by the individual 
blastomeres in the segmented disc, as the separate cells appear at one time prominent 
rounded bodies standing boldly out upon the yolk, at another time as conical or irregular 
mounds (PI. X. figs. 9, 10), or again flattened structures, crescentiform in section, their 
outline in the last case being less definite, and the entire dise exhibiting a diffuse and 


* See BaLBIANI, Comptes rendus, 1864, tome lviii. 

+ KowaLewsky noted these transition-elements, and says that all stages can be seen amongst the entoblastic (yolk- 
mass) cells forming below the blastoderm—from those which are still in the yolk to those which had entered the 
blastodermic elements, and were only at one point of their bases united to the protoplasmic network of the yolk. 
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expanded appearance. These changes of external form, which are often combined with 
an apparent dehiscence of the blastoderm and puckering of the under surface (PI. II. 
fig. 14), are probably due to the inherent mobility of the protoplasm; but are also 
connected doubtless with the transference of the cortical matter which has not yet ceased. 
They are especially noticeable when fresh cleavage is about to commence, as RANsoM 
seems to have observed (No. 24, p. 466). 

The primary segmentation-nucleus is rarely visible in the germinal disc,* though 
KuprFer noted it as a clear homogeneous vesicle, fifteen or twenty minutes after fertilisation, 
situated in the basal stratum of the blastodisc of Clupea (No. 87, p. 206). In the section of 
the blastoderm of Gadus eylefinus, at the 5th hour, when two blastomeres are completed, 
we see that the nucleus (n) occupies a position slightly above the basal stratum,and presents 
surrounding radial structures, apparently prolongations of the nuclear substance itself 
(Pl. Il. fig. 18). When this nucleus has divided into two, each is seen to occupy a central 
position in the pair of newly-formed blastomeres. The two blastomeres (Pl. XXVIII. fig. 4) 
often show disparity in size, with a more or less distinct reniform outline when viewed from 
above. This disparity may be due to unequal segregation of protoplasm, or to more obscure 
causes, but the shape of the earliest blastomeres appears also to depend upon the direction 
of the first plane of cleavage; for, when this is in the shorter axis of the blastodisc, the two 
cells are rudely discoidal, and are in contact by their flattened margin; or if in the longer 
direction, the result, as in the gurnard, is the production of a pair of reniform cells—the 
hilum, so to speak, of each coinciding with the proximal margin. The nucleus in each blasto- 
mere is not spherical, but slightly elliptical and flattened, showing indeed as a transparent 
almond-shaped body, when viewed in profile, and of a paler hue than the surrounding matrix. 
In the living ovum the nuclei are usually very difficult to detect during the earlier stages, 
and Ransom failed to make them out (No. 127, p. 467); but, when not diaphanous, the nuclei 
may appear, ¢.g., in the 2-cell stage of Gastrosteus spinachia and Trigla gurnardus, 
as minute irregular vesicles, like clear vacuolations distributed in each blastomere. The 
protoplasm around the central nucleus of each blastomere exhibits a radial disposition 
like the figure of the “lines of force” around a magnet (PI. IL fig. 18), but the more 
detailed features of nuclear and blastomeric cleavage are of the complex nature charac- 
teristic of karyokinesis. Each cleavage begins as a superficial indentation, which in the 
case of the first furrow commences in the centre of the straw-tinted pullulation or 
granular blastodisc, within an hour or more from the first appearance of the disc, and 
extends outwards, its course being preceded by puckerings, as though the two masses 
were drawing apart, and producing the beaded structure described by BaLrour 
(No. 11, p. 391). The diverging course of the cleavage-plane is not opposed to the 
“loi centripete” of M. Serres, for the plane penetrates (centripetally) the disc. The 
vacuolations which produce the beaded appearance, while most numerous at the margin of 


; * Ransom failed to make out the primary segmentation-nucleus, and indeed the blastomeric nuclei. Possibly 
various species may differ in regard to the visibility of the nuclei, for LEREBOULLET found the nucleus in Perea with 
difficulty, whereas in Esox it was well seen (No. 93, p. 513). 
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the cleavage-plane, occur sparsely over the dise, and especially in its basal portion (Pl. IL 
fig. 18). They probably have an important relation to the cleavage-process, as BALFour 
thought. In sections they occur as clear rounded vacuolations, but are without doubt 
filled with indifferent fluid, and probably are no other bodies than the clear vesicles 
scattered over the cortical protoplasm in the ripe unfertilised egg. The vesicles disappear, 
as we have seen, with the polar segregation of the disc ; but they really persist, and are 
transferred to the disc, where they accumulate (Pl. II. fig. 18), often coalescing and 
forming larger vesicles, but not to be confounded with the oily extra-embryonic spheres, 
though LEREBOULLET does so, saying—‘‘I have seen large transparent spaces like those 
M. Voer shows in his figs. 113 and 114 (Embr. of Salmon) produced by oil” (No. 93, 
p. 486). It is possible that these vesicles, or rather their clear fluid contents, may render 
mechanical aid during cleavage, filling up with their less consistent matter the furrows 
formed by the dehiscence of the segmenting blastomeres. After the first furrow, which 
is perpendicular to the basal plane of the disc, has produced the first pair of blastomeres, 
the pullulation of the protoplasm is marked, each cell becoming increasingly definite, 
a feature which Kuprrer regards as indicating the appearance of an equatorial furrow 
(No. 87, p. 196, Taf. ii. fig. 15, &c.). Such an equatorial furrow, according to HorrMay, 
appears before the first perpendicular furrow, and thus the disc would be separated 
from the marginal protoplasm as well as from the yolk at the first stage in cleavage. 
A complete discontinuity of yolk and germ produced by cleavage does not accord well 
with the actual condition in the ovum, and the first furrow would appear to be the 
primary perpendicular one. When this furrow has penetrated almost to the base, 
for it does not perfectly bisect the disc, as LEREBOULLET long ago noticed (No. 93, p. 481; 
see his fig. 18, pl. i.), small furrows. directed towards the centre of the disc, appear at 
right angles to the first cleavage-lines, followed by the appearance, along the course 
marked by them, of a second cleavage-furrow, which divides the two primary blastomeres 
into four almost equal segments. Each of the newly-formed blastomeres has a rudely 
square outline, its two free outer sides being rounded, while the two inner sides are more 
nearly straight lines, and mark the perpendicular planes which are in apposition to the 
similar surfaces of the two neighbouring blastomeres. In each blastomere a large nucleus 
can be made out, though often with difficulty, as LEREBOULLET noted; but not ill-defined, 
as the same author further stated (No. 93, p. 483), for the nuclei appear as homogeneous 
hyaline vesicles with a smooth and distinct contour, the bright contents of which are 
termed by AUERBACH the “ ground substance” * (PI. II. fig. 4,a). Nuclear division is 
not easy to follow in the living ovum, though blastomeric cleavage is readily observed. 
The ovum of Hsox seems well adapted for nuclear observations, as LEREBOULLET found out 
when he contrasted this species with Perca, for in the latter the nuclei had greater 
transparency and were thus less readily seen (No. 93, p. 513). In this species (Esoz) 
KupFFERr followed the division of the primary nucleus, and watched the first furrow pass 
down between the two newly formed nuclei (No. 87, p. 207). 


* Organologische Studien, Breslau, 1873-4. 
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Around the cleaving nucleus a radial disposition of granules is seen,* the centres of 
the radii being the nuclear apices, for the nucleus itself becomes biconical and shows 
longitudinal striz prior to the division which soon takes place across its middle or shorter 
axis, this transverse separation being followed by the division of the surrounding blas- 
tomere. The process indeed accords perfectly with BaLFour’s account of the Elas- 
mobranch ovum (No. 15, pp. 394~5). Occasionally a blastomere is seen to contain 
two distinct nuclei, illustrating indeed the stage of the process figured in PI. II. fig. 2, 
a stage which LEREBOULLET also clearly observed, for he says—‘“ Dans un de ces lobes j’ai 
trouvé une cellule qui avait deux noyeaux distincts rapprochés l’un de Il’autre” 
(No. 93, p. 484), and Batrour similarly speaks of a double nuclear condition (No. 11, 
p. 396). Though usually very distinct and centrally situated, the nucleus sometimes 
becomes diaphanous, and appears to be absent. Such an enuclear condition is hardly 
possible, though Professor Ray LANKESTER, it is true, speaking of the blastoderm of 
Cephalopods, says—‘‘ I have most fully satisfied myself that temporarily many of the 
segmentation-products are devoid of nucleus” (No. 90, p. 39); and LEREBOULLET, when 
noting the fact that all through cleavage each blastomere contains a nuclear body, adds 
that “often it may be absent” (No. 93, p. 484); while BaMBEKE could find no trace 
of nuclei in Leuciscus rutilus, but accounts for it by the similar refrangibility of the 
nucleus and the matrix in which it is situated (No. 20a). This disappearance of the nuclei 
is not an uncommon phenomenon in cell-division. Very often (Pl. Il. fig. 1) a body 
apparently of the nature of a clear vesicle occupies the. place of the deeply-stained nucleus 
in sections, or such a vesicle occurs only partly occupied by a nuclear remnant (PI. II. 
fig. 1). These unstained bodies were noticed by Ba.rour, and he felt uncertain whether 
they were nuclei imperfectly stained, or nuclei in course of being formed (No. 11, p. 395). 
In the living egg the phenomena of segmentation are followed without much difficulty, 
especially in pelagic forms. The two primary cleavage-planes are seen to cut each other 
at right angles; but the third cleft is parallel to the second (Pl. X. fig. 4). On the 
completion of the third cleft the blastoderm consists of six cells, of which the central 
pair are larger than the others. At this stage the blastoderm is rudely rectangular, an 
outline altered by the next cleft, which passes once more parallel to the second and third 
clefts, through the large central cells (Pl. XIV. fig. 8). The size of the blasto- 
meres is far from uniform after the 8-cell stage. The 16-cell stage is completed by a 
separate furrow traversing each cell and bisecting it, so that the total number of 
blastomeres is thus doubled at about the fourth or, it may be, the sixth hour after 
fertilisation. It would appear that in the Teleostean ovum, as also in the fowl and 
Selachian, the two primary furrows alone are really regular, the succeeding furrows being 
in varying degree irregular, so that the blastomeres are not seen to increase with the 


* OELLACHER observed the concentration of yolk-spherules round one or two centres in the segmentation-spheres, 
but this is not the phenomenon he described, though BALFour understood OELLACHER to refer to the behaviour of the 


ordinary nuclei during segmentation. RypeEr also speaks of numerous fine granules aggregated round two centres in 
the first cleavage-stage. 
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regularity of geometrical progression. The size of the blastomeres is likewise far from 
uniform after the 8-cell stage, and in the 14- to 16-cell stage especially, they vary 
very much in size and shape, the outer being large and somewhat rectangular, while those 
more central are smaller and ellipsoidal. This distinction between the more external and 
the inner cells BatFrour noted in Elasmobranchs (No. 11, p. 392), and compared 
it to the horizontal furrow which separates the smaller pigmented spheres from the 
larger spheres of the vegetal pole in Rana (cf. figs. 3, 4, and 5, pl. xv. No. 11, and our 
Pl. IX. fig. 8). The form of the disc varies, changing from the circular outline of the 
early blastodise (Pl. XXII. fig. 1) to a more or less regular quadrate figure (Pl. X. fig. 9), 
and reassuming the circular form when the multicelled stage (morula) is reached (PI. IL. 
fig. 13,a). The first furrow parallel to the base of the disc passes across the median 
horizontal plane at about the 50-cell stage (Pl. II. fig. 14), and the subsequent cleavage 
becomes very complicated. Owing to the increasing pressure of adjacent cells, the 
rounded form of each cell (Pl. X. fig. 10) becomes altered, and the polygonal shape is 
assumed (Pl. II. fig. 19). The size of the blastomeres shows much variability, though 
the variation is now within narrower limits. In profile the disc up to this stage has 
maintained the plano-convex outline, which is often retained until the 180-cell 
stage or later (PI. X. fig. 10); but when the cells are so subdivided as to appear 
almost of one size, a marked bi-convexity is assumed, and upon the yolk a depres- 
sion is formed in which the blastoderm rests (Pl. II. fig. 2), as it does permanently 
in Salmonoids (LEREBOULLET, No. 93, p. 485; OELLACHER, KEN); but later it spreads 
out in Gadoids and other forms, and appears as a flattened plaque in which several 
layers of similar cells can be distinguished (Pl. II. figs. 83 and 15, e). There is 
no marked difference in the cells of the various strata, and the blastodermic layers 
are not readily distinguished, as they are in Elasmobranchs.* Ba rour and other in- 
vestigators have made allusion to this similarity in the size and contour of the cells 
of the Teleostean blastoderm (vide Batrour, No. 11, p. 551; and LeERgBoULLET, 
op. cit.). 

It is true, as already pointed out, that in very early cleavage the marginal cells are 
distinguished from the inner cells by a marked difference in size (Pl. IX. fig. 8); 
nor is the distinction lost with the appearance of the horizontal furrows, though it 
cannot be due, as is undoubtedly the case in Elasmobranchs and Amphibia, to the 
greater proportion of yolk-matter present in the outer germinal protoplasm, for there 
does not appear to be any conspicuous difference in their physical character. 

In the Elasmobranch blastoderm of about one hundred cells, the ectoderm is readily 
distinguished from the endoderm or “ lower layer ” cells by their smaller size, and marked 
columnar character. R1igNEcK t observes that the upper cells of the germ give rise to 
a two-layered sensory lamina (or leaf), and that some of the lower cells fall to the bottom 

* Ryper, however, speaks definitely of three layers in the multicelled stage of the Teleostean germ ; but this does 


not agree with other descriptions by the same author. 
t Archw f. Mikr. Anat., vol. v., 1869. 
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of the cavity (germinal cavity). Soon after also the larger cells fall off, and we now get — 
complete analogy with the Amphibian egg, viz., above the cavity the sensory layer 
composed of smaller cells, and below the large cells for the body of the embryo.* This is 
not the case, however, in osseous fishes, for on the completion of segmentation, an 
epiblastic layer can barely be distinguished: it is not by any means well marked.t 

Germinal Cavity.—With the completion of segmentation the blastoderm undergoes © 
a change of the most striking character. It lengthens out (Pl. II. fig. 17) and soon — 
becomes elevated from the yolk, so that a chamber ge. (Pl. Il. fig. 15, a-d), not 
coincident with the centre of the disc, is formed between its under surface and the 
vitellus (y) below.t Hitherto the whole of the inferior face of the blastoderm has rested 
immediately upon the yolk (y) (see Pl. II. figs. 1-3) or rather upon a portion of the 
yolk-cortex ; but now the inner surface being raised it rests only by its periphery, and 
the eccentrically situated cavity intervenes between it and the vitelline mass. In 
Trigla gurnardus the sub-blastodermic cavity is plainly visible on the second day, 
when the germ covers barely a third of the surface of the yolk. 

A cavity has been observed in some Teleostean ova at a much earlier stage; but it is 
probably a precocious dehiscence and of minor significance. Such a cavity in the 
gurnard may be formed even before the first cleavage is accomplished, and is probably 
due to the cleavage-process, as we find to be the case in Amphioxus at the 4-cell 
stage. AGassiz and WHITMAN found a similar cavity in Ctenolabrus at the 16-cell 
stage, while His describes one at the 8-cell stage.§ Such cavities, of a transitory 
nature, have been noticed in very many ova; in Acipenser sturio, for example, at 
the 6- to 8-cell stage, according to KowaLewsky, OwsJANNIkow, and WAGNER ; 
while RAUBER saw it in the Avian ovum at the 4-cell stage (No. 132, p. 6). The last 
named observer distinctly affirms that the early cavity he saw is not the homologue of 
the later embryonic chamber, generally distinguished as the “ Keimhéhle ;”|| and as this 
is a point of no little importance, it is desirable to dwell upon the distinction here 
implied. The very existence of a cavity, either “segmentation” or “germinal,” has 
been denied by some investigators. It has been pronounced by Donrrz amongst others 
(No. 52, p. 600) to be merely an artificial product ; and Kuprrer suggests something of 
the same kind, though unwilling to lay stress upon his results, which were negative 
(No. 87, pp. 214-16). That the somewhat complex methods now adopted in 
laboratory work are calculated to produce occasionally artificial changes in embryonic 


* Rreneck also considered that the embryo originated in one point of the peripheral thickening which occurs at 
the point of contact between the yolk and the germ. 

+ Goerre affirms that there is no distinct differentiation of any of the germinal layers in the multicelled condition 
of the disc if we except the outer “ epithelial” (Archiv f. Mikr. Anat., iv., 1868). 

+ RiENEcK, op. cit., observed the central part of the germ lifted off its underlying part. 

§ It gs this cleavage-cavity which RypDER considers as probably homologous with the cavity of the false amnion — 
(Amer, Nut., xix., 1885, and Jour. Roy. Micr. Soc., Feb. 1886, p. 45). 

|| This later cavity BaLFrour, in common with most observers, names the segmentation-cavity, though he says it 


is not a well-defined chamber, and remarks that “it may even be doubted whether a true segmentation cavity... . 
18 present.” 


710 PROFESSOR W. C. M‘INTOSH AND MR E. E. PRINCE ON 


structures is very probable ; but the recognition of a cavity in the Teleostean blastoderm 
has been so general that it cannot be placed in such a category. 
We speak of it as a “‘ germinal cavity,” and do so advisedly, for it is not “the cavity 
of Von Barr,” better known as the blastoccel or segmentation-cavity. This latter, which 
exists in all segmented germs forming a blastosphere, as in Cylostomes and Amphiozxus, 
is, we believe, never formed in such pelagic ova as are referred to here, nor indeed has it 
been clearly recognised in any other Teleostean ova, with the exception of Leuciscus 
rutilus. In this last named ovum VAN BAMBEKE fully describes a true “ segmentation 
cavity,” though his results are not in accordance with those of embryologists generally. 
Van BamMBEKE himself doubts the existence of his cavity in the germ of the Salmonoids 
and carps, though closely allied to the form he investigated, and declares it to be 
homologous with the chamber in the ovum of Petromyzon, Acipenser, the Selachians, and 
Amphibians. It is true he quotes LEREBOULLET in support of his view, and the latter 
undoubtedly does speak of the germ at the close of segmentation as having “ un aspect 
granuleux et la forme d'une sphere aplatie qui repose sur le vitellus” (No. 93, p. 503) ; 
but neither his fig. 27, pl. i. nor fig. 3, pl. iii. necessarily imply BaMBEKE’s results, 
nor exclude the existence of the germinal cavity which most authors have seen. The 
segmentation-cavity of BAMBEKE, the homologue of BaLrour’s cavity (No, 13, pl. xxi. 
fig. 1, sc), arises as a space in the midst of the blastodermic mass (No. 20a), at 
what period he cannot say, though his figure would indicate an early stage, 
probably when the blastoderm covers a quadrant, that is at the same time as the 
‘‘verminal” cavity, which it also resembles in its non-central position, for it is slightly 
eccentric in position, and in front of the embryonic area proper. It is surrounded by 
blastomeres—the roof, walls, and floor being composed of cells produced by the 
segmentation of the disc. The germ, in which it originates, is essentially a blasto- 
sphere, for though the floor-cells largely disappear, so that the yolk may seem 
partially to form the floor, there is probably never a stage, as BaLFour is careful to note 
(No. 11, p. 519), “in which the floor of the cavity is without cells.” Ba.rovur, it is true, 
regards the Teleostean germinal cavity as homologous with the segmentation-cavity 
_ (cavity of Von Barr) in Elasmobranchs and Amphibians (No. 10, i. p. 70); but the 
subsequent fate of each of these cavities tells against this homology, for the former is 
persistent, whereas the latter chamber is transitory. If the Teleostean germ after 
segmentation be a morula, which flattens out, and becomes lifted up, and separated by a 
chamber from the appended trophic mass,* resembling in a remarkable manner the 
condition in certain Urochordates (e.g., the cauducichordate Pyrosoma), in which no 
centrally placed segmentation-cavity occurs (vide Huxuey, No. 73, and KowALEwsky, 
No. 86, p. 609), then the presence of such a cavity, and the occurrence of a blastospherical 
stage in Teleosteans, must be regarded as problematical. 


* That the blastoderm is actually raised up seems to be demonstrated by the fact that separation may for some time 
be incomplete, connecting strands of protoplasm being frequently distinguishable in the living ovum and in sections 


(PI. II. fig. 15, c), and RypER is probably in error when he supposes the cavity to arise as a direct result of cleavage 
(No. 141, p. 492). 
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Batrour at one time held the view that the floor of the cavity in Selachians was 
not truly blastodermic, the floor-cells arising as concretions around yolk-nuclei at the 
base of the disc (No. 11), and such a cavity would be a germinal, not a segmen- 
tation-cavity like VAN BAMBEKE'’s; but later, BaLrour relinquished this view, a com- 


plete floor being established, he states (No. 11, p. 43), by the growth inward of lower — 


layer cells along with cells formed in the periblast. The cells which Or LLAcHER 
describes on the floor of the ‘‘ Keimhéhle,” he says fall from the roof of the cavity, sink 


into the yolk, and multiply (Zevtsch. f. w. Zool., xxiii. pp. 12, 13). The real nature of the © 


blastodermic vesicle of LEREBOULLET is by no means clear, for though BAMBEKE regards © 


LEREBOULLETS cavity as no other than his own, yet it must be remembered that 
LEREBOULLET’S mucous layer is not necessarily a blastodermic layer in the strict sense ; 
and VAN BaMBEKE himself admits this possibility when he points out the likeness 
of this layer with his intermediary layer (No. 20a, p. 4), a point E. van BENEDEN 
also insists upon. That LEREBOULLET himself regarded his “feuillet muqueux” or 
“ véoétatif” as extra embryonic, is clear from his denying that it is formed of blastomeres 
—‘ in fishes and Crustacea (the crayfish) the mucous layer,” he says, “is not of the same 
origin as the serous layer” (No. 95, p. 14), the one being the true or animal blastoderm, 
and the other the nutritive blastoderm.* It is not necessary here to decide the real 
nature of the mucous layer, whether it be truly hypoblastic, or hypoblast and mesoblast, 
or neither ; it is sufficient to note that the floor of the cavity, according to LEREBOULLET, 
has a different origin from the roof, and is not composed of cleavage-products, so that his 
cavity would not seem to be a segmentation cavity at all, and though he considered 
himself justified in stating that the blastoderm is “‘creuse et forme unevéritable vésicule 
. . . . dont les parois sont plus ou moins rapproches l'une de l’autre” (No. 93, p. 487), 
yet it must not be regarded as the segmentation-chamber of a blastosphere, but the 
germinal-cavity underlying a morula. If OE LLacuHeEr be right, that only cells resulting 
from cleavage form the blastoderm, then a cavity, if not floored by such cells, is not 
a segmentation-chamber according to the accepted view regarding that cavity. The 
nature of the floor of any cavity appearing in an early blastoderm is all important, while the 
nature of the roof is not so, being, indeed, subject to variation in very closely allied forms 
like Rana and Triton, one layer of cells forming the roof in the latter (No. 147, p. 453), 
whereas in Rana the roof is two or more cells thick. The lamprey has a multicelled 
roof, which thins out to a single layer, as Surpiey has found, in agreement with 
CALBERLA, and as opposed to M. ScuuirzeE; whereas in Elasmobranchs, as also in 
Ganoids (Acipenser), the ectodermic roof is thickened by endodermic cells which creep up 
the walls of the cavity and pass along the roof. The roof of the germinal cavity in Teleos- 
teans is formed by the whole of that portion of the blastoderm which is raised to form it 
(Pl. IL. fig. 15b, bdm). It therefore includes epiblast (or ectoderm) and lower layer or 


* That LEREBOULLET’s upper layer cannot be the epiblast, and his second layer the entoderm or “lower layer cells,” 


is shown by the fact that he speaks of the lower as a single layer (No. 93, p. 492), and the upper as of many regular 
layers of smaller cells, so that our interpretation holds best. 


— 
‘ 
| 


712 PROFESSOR W. C. M'INTOSH AND MR E. E. PRINCE ON 


endodermic cells. When at its maximum it is a slightly flattened dome-like cavity 
(Pl. Il. fig. 155, gc); but with the extension of the blastoderm its roof is depressed, 
and it thus appears subsequently as a mere fissure. Now LEREBOULLET figures his 
cavity as a narrow fissure extending almost from margin to margin of the blastoderm ; 
whereas BAMBEKE’S is a compact, but loftier and more spacious chamber.* It is 
noteworthy that BAMBEKE was struck by this dissimilarity, and after examining the 
segmentation-cavity in the roach was prompted to seek for a germinal cavity underneath 
the blastoderm, and found one, as he indicates in his figs. 4 and 6 (vide No. 20a); 
but he adds that “a comparative examination of preparations forces me to regard it as a 
simple accident and artificial, for the prominences and depressions of roof and floor 
coincide.” There is much reason to suppose, therefore, from the shape and nature of 
the floor, that LEREBOULLET’s cavity is not a segmentation-cavity, such as BAMBEKE 
supposes, and, if this be so, then Lrresoutter likewise discovered this flattened 
germinal cavity, as E. van BENEDEN says (No. 25, p. 47), though this author is wrong 
in according the discovery also to VAN BaMBEKE. If, on the other hand, LEREBOULLET'’s 
be really Von Barr’s (and Van BamBEKr’s) cavity, then H. RaTHKE first signalised the 
germinal cavity in Zoarces ; and he was followed by Stricker. It is therefore not correct 
to speak of a cavity of LEREBOULLET with Van BeNnEDEN but rather of a (sub-blastodermic) 
germinal cavity, which is persistent through all embryonic life, as distinct from the (intra- 
blastodermic) segmentation-cavity which wholly disappears.t 

What then is the significance of the germinal cavity thus distinguished? By the 
fact that its floor is formed of yolk, or rather the protoplasmic cortical film (or inter- 
mediary layer), and that it is roofed over by endoderm (lower layer) and epiblast-cells, it 
is comparable to the “‘ Keimhéhle” in the fowl’s ovum.{ At a later stage the hypoblast- 
cells which intrude from the periphery to form the blastodermic rim (br) and shield 
(Pl. II. figs. 15, a-e, and 17) do not pass across the floor of the cavity, but creep 
up the sides and partially arch it over, forming in fact a gastrula which would open ex- 
ternally by the blastopore, were not this aperture plugged up by the mass of yolk (really 
Ecker’s plug), which is so large that the invaginated lip is compelled to pass round, and 
epibolically envelop it. The germinal cavity, arched over as it is by the thick blastodermic 
roof, bdm (PI. II. fig. 15, a-e), is never truly open in the sense indicated; but potentially it 
is so, the removal of the concentrated trophic matter (y) which does not segment would leave 
the blastoderm a simple gastrula—indeed, as RypreR remarks in regard to Alosa, that 
“the yelk might be removed at any stage without taking away any essential part of the 
embryo except the floor of the cavity” (No. 141, p. 569). Van BaMBEKE does not hesitate 
to regard his chamber as a gastrula-cavity, and finds in it therefore great phylogenetic 


* A glance at LEREBOULLET’s figure (No. 93, pl. iii. fig. 3) and BamMBEKE’s (No. 20a) sufficiently shows this. 

+ See a paper “On the Significance of the Yolk in the Eggs of Osseous Fishes,” by E. E. Prince, Ann. Nat. Hist., 
July 1887. ° 

; It is interesting to observe that, with the appearance of the germinal cavity, the thick periblast-floor in some forms 
becomes thinner. The Keimhéhle or germinal cavity is often called the segmentation-cavity in the fowl’s ovum. 
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significance; but OELLACHER, Donitz, Ryprr, and others agree that it is merely an arti- 
ficial product, and due to the action of reagents. - It is difficult to accept the latter view, 
after the careful observations of VAN BamBeEkE, who admits that in the trout and carp 
it is absent, as seems to be also the case in a large number of Teleosteans at St Andrews; 
yet since a cavity of this nature, remarkable for its deep situation and transient nature, 
has been seen in other blastoderms (e.g., Aves and Ganoids), it may justifiably be 
regarded as a normal structure, and perhaps due rather to the exigencies of the cleavage- 
process than to ancestral causes. If, as WHITMAN holds (No. 159, p. 296), “the case of 
Ascidia (Kowalewsky), of Sycandra (Schultze), of Anodonta and Unio (Flemming), of 
Clepsine and Euaxes, and numerous cases like the latter, show that the blastoccel arises 
by the cells being pushed asunder in the process of cleavage,” then the segmentation- 
cavity when it is present can have no profound ancestral meaning, such as Van Bam- 
BEKE urges; but is of interest merely in connection with modifications in the ovum, by 
which the area embraced in segmentation is greatly reduced. This reduction impli- 
cates a mechanical difficulty, resulting in the formation of a chamber, which is appro- 
priately named a segmentation-cavity or blastocel. Probably every instance of a 
blastocceel may be explained in this manner, and it may thus co-exist along with the 
germinal cavity. ‘The former, it is generally admitted, becomes obliterated, whereas the 
latter persists, and must be regarded as the remnant of the primitive enteron. Its 
persistence in the embryo is of importance, for it is an essential point in the gastrula 
that “it should directly or indirectly give rise to the archenteron” (No. 10, p. 457). 
That in forms so various as Gallus, Rana, Acipenser (No. 82), and Balanoglossus 
the segmentation-cavity is transient, and has no relation to the blastopore, is proof 
that it cannot be regarded as enteric, for the archenteron has always relation to the 
blastopore. In speaking of the cavity in the Teleostean ovum as germinal, we merely 
do so to distinguish it from the segmentatiou-cavity (blastoccel), which is wholly 
another structure, though the name does not necessarily imply any ulterior meaning. 
Nor is this course discordant with the conclusions of Teleostean embryologists in general ; 
for OELLACHER distinctly affirms that the germinal cavity produced by the lifting up of 
the germinal mass is the sole cavity observed by him in Salmo farvo, and he failed to 
find a central segmentation-cavity, as was the case also with VAN BaMBEKE in the ova 
of this species, and of Cyprinus; and K.Etn, though he speaks of a segmentation- 
cavity, formed by the lifting up of the blastoderm, really means the germinal cavity 
(No. 79, p. 197, and pl. xvii. figs. 11 and 12), this latter cavity being also recognised 
by Rieneck (No. 137, p. 356), Gérrr, Hennecuy, Owssannikow, and WEIL. JaNosik 
observed a cavity in the germ, and an earlier one between the yolk and the lower layer 
cells, and he termed the former “segmentation-cavity.”* It is not a little curious that 
Ryper, while holding that the germinal disc of Teleosteans is equivalent to the entire 
Amphibian ovum, yet regards the cavity outside the disc (germinal cavity) in the former 
as homologous with the deeply placed chamber (segmentation-cavity) in Rana and the 
* Archiv f. Mikr. Anat., vol. xxiv. 
VOL. XXXV. PART III. (NO. 19). 4 


eos 
~ 


714 PROFESSOR W. C. MINTOSH AND MR E, E. PRINCE ON 


Elasmobranchs, and somewhat inconsistently maintains that in Teleosts the origin of the 
cavity is directly due to cleavage; whereas, on phylogenetic grounds, it must arise in 
connection with the peripheral invagination and the formation of the blastopore. If, as 
Ryver holds (No. 141, p. 492), the Teleostean germ is equivalent to the whole ovum of 
Rana, then we must look for a segmentation-cavity deeply placed in the former blasto- 
derm, a fact which BAMBEKE, as we have seen, considers established for Lewciscus. 
RybDER, too, adopts a questionable view of the germinal cavity, when he says that it is 
“simply a space filled with fluid, which facilitates the gliding of the blastoderm over the 
yelk during growth,” and constituting the fissure between the outer (embryonic) layer 
and the inner envelope of the yolk, and further as the representative of a “ primal 
nutritive space,” a lymph-cavity. He also considers that the body-cavity is continuous 
with the segmentation-cavity, and maintains that it does not disappear in Gadus 
morrhua, Cybwum, Coregonus, and Alosa. 

While there are many points, therefore, which support the view that the segmentation- 
and germinal cavities are not one, but may indeed co-exist, or may appear successively 
in the same ovum, there is a possibility that the difference between the deep-seated cavity, 
seen, for example,in Elasmobranchs, and the sub-blastodermic chamber in Teleosts, may, with 
extension of our knowledge of the early blastoderm in the latter, disappear, and this would 
be so if it could be shown that the germinal cavity arises, not by the lifting up of the 
disc, but by intracellular dehiscence, and the disappearance of the lower (separate) 
stratum, 7.e., the blastomeric floor.* At present the germinal cavity must be distinguished 
as such, the characteristic features being its situation superficial to the yolk, the absence 
of blastoderm-cells separating it from the granular yolk-cortex, and its persistence even 
into the later embryonic period. Other minor features justify us in emphasising the 
distinction of this cavity from the blastoccel or segmentation-cavity proper. 


VI. or NucLteEAR ZONE. 


From the way in which the protoplasm of the ovum collects at the animal pole, it 
is readily seen that the continuity of the disc and the cortical protoplasm beyond does 
not cease for some time, and that even when the blastoderm by cleavage has become 
defined in the form of a cellular prominence, its connection with the unsegmented 


protoplasm external to it is most intimate. The process of superficial transference still 
proceeds after cleavage has commenced.t 


* The fact that during a considerable interval the segmentation-cavity in Elasmobranchs is greatly deficient in its 
cellular floor, and the yolk limits it below (No. 11, p. 518), is interesting, though BaLFrour doubts if ever the yolk alone 
forms the floor (p. 519). Gdrre’s observations would demonstrate the existence of such a floor of cells in the Tele- 
osteans, though it is always incomplete. 

t Granular yolk is also transferred in the Elasmobranch, both OELLAcHER and Ba.rour agreeing that yolk is 

assimilated by the germinal area during segmentation. The cessation of the transference and of the yolk cell-gemma- 


tion accounts in a great measure, according to BaLFour, for the comparative distinctness of the disc and the yolk at the 
end of segmentation. 
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So long as the yolk-ball can be distinguished even in advanced embryonic stages 
(see Pl. VII. figs. 1, 9, &c., cp), it 1s provided with an envelope of unsegmented proto- 
plasm especially noticeable round the margin of the dise (per, Pl. II. fig. 12), and forming 
in the early stages of cleavage a thickened peripheral belt. This envelope is the “ feuillet 
végétatif ou muqueux” of LEREBOULLET (No. 93, p. 771); the “trophic or glandular layer” 
of Remak (No. 135, p. 342%); the “parablast” of Kiem (No. 79, p. 116) and His (No. 
67); the “ Korner-zone” of Kuprrer (No. 88, p. 217, fig. 1); the ‘lamina mycogastralis” 
of HarckeL (No. 62); and the yolk-hypoblast of RypEr (No. 141); but appropriately 
distinguished as the “ periblast’”” by many authors. 

We may speak of the periblast as early as the stage of first cleavage, the two primary 
blastomeres constituting the germ proper as distinct from the protoplasmic layer beyond.* 
The distinction, it is true, is more apparent than real, for the protoplasm at the margin 
of the disc is in a state of continual transition, passing into the germ probably during the 
whole cleavage-process, the disc being indeed only a thickened portion of the proto- 
plasmic cortex of the egg,—‘‘a lenticular enlargement of the Rindenschicht,” as 
OELLACHER expresses it (No. 113). In thus regarding the periblast as an aggregation of 
protoplasm which lies outside the germ proper, because it has reached the animal pole too 
late to enter the disc and take part in cleavage, we adopt a theory of its origin which has 
been questioned by some observers, notably by Acass1z and WuitMan (No. 2). These 
observers suggest that the periblast is really a product of the blastoderm ; that, instead of 
‘ being, as we have expressed it, too late to enter the disc, it has already formed part of 
that structure, and has been protruded as a germinal outgrowth all round the margin 
during segmentation. VAN BaMBEKE, as if by anticipation, expressly opposes such a 
view, and says—‘“ It cannot originate from the disc ; it is coarsely granular, like the cortex 
(le manteau protoplasmique);” but he goes on to state that the cortex wholly disappears 
When the intermediary layer is formed, whereas the cortex persists very much longer, 
though so thin that, as he says, “it is difficult to detect” (No. 20a). 

It is not easy to controvert a view which denies the independent origin of the 
periblast, for its apparent extension outwards from the margin of the disc and the 
continuity of both would seem to favour it. But, if it be correct, then at one stage all 
the superficial protoplasm of the ovum must be collected into the germ-mass; and no 
such complete segregation has been observed—a stratum of cortical protoplasm continuous 
with the germ is always discernible up to the stage when the periblast can be distinctly 
recognised as a nucleated layer. Its extension beneath the disc is implied in the view here 
adopted, for the superficial protoplasm collects beneath the disc as elsewhere, and this 
can be observed by the behaviour of the oleaginous sphere in such an ovum as that of 7. 
gurnardus, inasmuch as it passes along beneath the floor of the germinal cavity evidently 
prevented by the layer of continuous protoplasm from entering the chamber. Van 
BaMBEKg, it is true, questions this latter point, saying that at one time no trace of a 


* KINGSLEY and Conn, in mentioning that complete furrows in segmentation pass downward to the vitelline 
globe, except the intermediary layer and peripheral cushion of VAN BaMBEKE. We agree with this view. 


. 


716 PROFESSOR W. C. M‘INTOSH AND MR E. E. PRINCE ON 


central lamella can be seen, and that it is ‘most probably formed by extension under 
the disc from the bevelled ring outside.” Like AGassiz and WHITMAN, LEREBOULLET 
holds that this layer is formed later than the disc, observing that, “‘at the close of seg- 
mentation, no trace of the mucous layer is seen, though dispersed vitelline globules are 
visible out of which this layer is formed” (No. 93, p. 495). 

Three theories of the origin of the periblast are thus held—(1) that it is simply a 
separation, a superficial segregation of protoplasm interfused in the yolk, and reaching 
the animal pole too late to enter the disc; (2) that it does form part of the disc, but 
afterwards issues from it all round the margin, extending as an extra-germinal layer ; (3) 
that it is not a mechanical transference, but an actual transformation of yolk-particles. 
The second and third views, just stated, involve processes less simple than the first, and 
if a process of simple transference, the segregation of interfused germinal matter, suffice, 
it is needless to resort to any explanation more complex. The superficial segregation of 
protoplasm implies that a sub-blastodermic stratum is never wanting, and that, from the 
first, the blastomeres ‘do not rest” (in E. van BENEDEN’s words) “ immediately on the 
vitellus ; they are separated from it by a layer of substance which is finely granular” 
(No. 25, pp. 44, 45). 

For some time the periblast remains homogeneous, devoid of nuclei, and not separable 
from the yolk-cortex beyond, save by its slightly greater thickness (per, Pl. II. fig. 14), 
and by the occurrence of scattered granules in it, which are distinctly seen at the end of 
the first day in G. morrhua. Further, the occasional presence of protoplasmic filaments 
over the area of the periblast seems to indicate its tenacious character (PI. II. fig. 7). 
It forms in some ova, as LEREBOULLET and E. van BENEDEN noted, a considerable 
thickening below tne centre of the germ. ‘his thickened central] lamella disappears 
later, and it is doubtful whether in many species it is ever present. The peripheral 
thickening is usually well marked * as a prism-shaped ring (per, Pl. II. figs. 1-3), which 
is triangular in cross-section, the disc resting upon one side, the lowest side being in 
contact with the yolk, while the third is external and free. When segmentation is 
far advanced and the biconvex form has been assumed, large nuclei begin to appear in 
close proximity to the margin of the germ (PI. [X. fig. 10, ). Though irregularly disposed, 
two or three rows may be distinguished (Pl. IX. figs. 9 and 10, n; and Pl. II. fig. 4a), 
and they rapidly extend outwards over a variable area, which is known as the nuclear 
zone. The nuclei are large clear vesicles, having a slightly pinkish hue in certain lights 
(transmitted), well-defined and rounded in form, often slightly elliptical, and showing 
in some cases granules or nucleoli (Pl. II. figs. 6, 8, n; and Pl. IX. fig. 9). At first 
they are crowded together, but as they extend towards the equator they show a 
tendency to a regularity of disposition which is very remarkable when they are five 
or six deep. Kuprrer describes these bodies in certain species of Gastrosteus as 
larger than the nuclei of the germ, separated by regular intervals three times the 
diameter of each nucleus, and arranged in rows duly alternating, the row nearest to the 

* LEREBOULLET descants upon its unusual thickness in the trout (No. 95, p. 14). 
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dise being the first to appear, the rest following in succession (No. 88, p. 217). At the 
12th hour, in the gurnard, the nuclear zone forms a conspicuous spotted belt round the 
disc, and the yolk in certain views seems to be distinctly pitted by them (PI. II. fig. 5). 
A little later they are less distinct. When the blastoderm has extended over one-third 
of the yolk-surface, traces of the nuclei are still to be seen (Pl. XIV. fig. 7, np). Thus, 
at the 25th hour, in the gurnard the blastoderm is surrounded by a continuous belt 
of protoplasm, beyond which few or no granules exist. Those previously seen have been 
overlapped by it, but are visible underneath towards the rim. In the surrounding 
protoplasm no large nuclei appear, and only a few of the granules of the previous stage. 
Often, during the early period of the nuclear zone, the nuclei appear in groups as if 
multiplying by division, this being well marked in the ova of Gadus morrhua; but on 
the second day the nuclei are invisible, and only a granular ring surrounds the disc. 

How do these nuclei arise? Three possible geneses are suggested,—they may be 
derived from the nuclei of the blastoderm, as ScHuttTzE, OELLACHER, WHITMAN, and 
WENCKEBACH (No. 158)* hold ; or they originate directly or indirectly from a primary yolk- 
nucleus (HorrMaN, E. vaN BENEDEN); or lastly, they may be endogenously formed as 
independent segregations of active protoplasmic particles (KUPFFER), either from the 
marginal cells, or from the cells which fall from the lower surface of the ‘“ segmenta- 
tion-cavity,” or rather germinal cavity, and which fuse with the periblast. WENCKEBACH 
asserts that no nuclei or cells arise either in the periblast or in the yolk, and that the 
nuclei of the periblast, after their separation from the blastoderm, degenerate and take no 
part in the formation of the embryo.t The appearance of the extra-embryonic nuclei later 
than the nuclei of the germ—further, their first manifestation close to the margin, and 
their increase centrifugally from the blastoderm, point, it cannot be denied, to a blasto- 
dermic origin. Their derivation from an original single yolk-nucleus has not been 
demonstrated by any observations, nor does it appear to be supported by the manner in 
which the nuclei become visible, though it accords best with the theory that the multi- 
. nucleate condition is less primitive than, and derived from, the uninucleate. This con- 
tention Burscu1i has devised, and he adduces the case of certain Infusorians in which not 
only is the multinucleate condition prior, but actually gives rise to the uninucleate con- 
dition—many nuclei coalescing before nuclear cleavage takes place (No. 36, pp. 212-13). 
It must be observed, on the other hand, that ENGLEMANN (No. 54, pp. 576-7) and ZELLER 
(No. 161, p. 360) have shown that in Opalina the multinucleate is unmistakably derived 
from a primary uninucleate condition. The existence of a primary yolk-nucleus in 
Teleosteans still remains to be demonstrated. If, by segmentation of this nucleus, the 
periblast-nuclei are produced, appearances in the living ovum afford little evidence of 
it; but if the nucleus dissipates, and later, becomes aggregated again at numerous 
superficial centres, then this view is not without support. 

Kuprrer, Kein, and other authors regard the nuclei we are considering as free 


* Ryper recently adheres to this view (U. S. Com. Report for 1885 (1887), p. 490). 
t No. 158, and Jour. Roy. Micr. Soc., Feb. 1887, p. 43. 
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nuclei, originating as independent segregations of active protoplasm, like the nuclei which 
arise endogenously in the Molluscan ovum, as Professor Ray LANKEsTER was the first to 
recognise. In Crustacean ova such nuclei have long been known, though in Oniscus 
it is noteworthy that Boprerzsky affirms their blastodermic origin and subsequent 
migration ; but this view is not generally accepted. WEISSMAN, too, imagined that in 
the ova of Dipterous insects such structures arise de novo, and without genetic relation 
to nuclei already existing ; but later researches lend little countenance to this opinion, 
and WeIssMAN has abandoned his contention. KowALEwsky has described in the yolk- 
matrix of the Annelidan ovum scattered nuclei, endogenously formed and afterwards 
collecting superficially, especially beneath the blastoderm ; they are at first few in num- 
ber, but show rapid increase, and are especially abundant about the time of exclusion. 
He regards the nuclei of the “‘ intermediary layer” in the Teleosteans as originating from 
those of the entoblastic (yolk-) cells. The appearance of free nuclei in the region outside 
the embryonic area in the chick, as described by Rauser (No. 133, p. 570), is a further 
instance of such extra-embryonic nuclear bodies, and the nuclei in the Teleostean 
periblast may have a like origin.* The fact that they differ in shape from the 
spherical nuclei of the disc—being generally more or less elliptical, and often of 
larger size (Pl. II. fig. 6, n)—points to a non-blastodermic origin. KupFFrER speaks of 
their differentiation, and of delicate contours which appear round them resembling hexa- 
gonal figures, in Clupea (No. 87, p. 205). LEREBOULLET observes that they are large and 
granular in Hsox, and along with the matrix in which they lie, they ‘“‘come from an- 
other source” than the protoplasm and nuclei of the disc (No. 93, p. 494). BaLrour, again, 
comes to the conclusion, while leaving their origin an open question, that there is no 
evidence of their derivation from pre-existing nuclei in the blastoderm (No. 10, p. 109). 
In the living Teleostean ovum it is difficult to watch the actual formation of these 
nuclei; but Kuprrer describes with some detail the appearance in Clupea of clear spots 
of protoplasm which grow from a speck-like particle to a body 5-6 yw in diameter (op. 
cit., p. 201), and E. van Brnepent is no less decided in affirming that these nuclei 
arise “‘par voie endogene” simultaneously in the periblast. We have noted that in 
the egg of the cod, towards the end of the first day, the periblast shows only minute 
granules scattered through its translucent protoplasm. The nucleit are few at first, 
and close to the edge of the disc, as if some of them had escaped by “hernia.” At other 
parts of the periblast clear vesicles and minute granules occur. Observations do not 
strongly support the view that the nuclei of the periblast migrate from the archiblast, 
but probably they arise in the periblast itself, and it may be that the activity in the disc 
proper stimulates similar activity in the periblast, just as a limited area of irritation in 


* Ryper regards the “ nuclear zone” as homologous with this germinal wall in the chick, and it is certainly note- 
worthy that the nuclei in the latter (the “ white yolk nuclei”) are most abundant below the thickened periphery of the 
blastoderm, and become the nuclei of cells which enter the germ. + Belg. Acad. Sc., No. 6, June 1876, p. 1202. 

~ Krya@szey and Conn (op. cit., p. 199) observed in the cunner the formation of cells round these nuclei on the 


surface of the yolk; but it seems, according to Mr G. Brook, that Mr Kinostey has since altered this view (Trans. Roy. 
Soc. Edin., 1887, p. 224), 
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ordinary vertebrate tissues has a tendency to stir up a like condition in surrounding parts. 
So early as the 32-cell stage in TL. gurnardus, numerous nuclei, precisely like those after- 
wards present in the periblast, were observed, irregularly scattered beneath the blastoderm. 
Some of these nuclei, which were in close proximity to each other, coalesced and formed 
large irregular structures. 

On one occasion careful focussing brought out beneath the cells of the blastoderm (in 
an ovum of the species just referred to, of which the yolk was about half enveloped) the 
faint outlines of periblastic nuclei, while, in an oblique view of the invaginated rim its 
under surface was somewhat regularly nodulated by the nuclear projections which thus 
protrude into it from below (PI. II. fig. 5). 

The blastoderm of Gastrosteus spinachia at a certain stage shows, scatggred through- 
out its extent (PI. II. fig. 9, »), large bright nuclei, often showing many nucleoli. These 
nuclei, as suggested elsewhere (No. 124, p. 493), are probably periblastic, and they 
persist for some time after the closure of the blastopore. 

After their appearance close to the margin of the disc, they extend outwards, while 
at the same time they also pass inwards, and form a nucleated stratum beneath the 
blastoderm. They progress centripetally, and eventually stud the periblast-floor of the 
germinal cavity, and are visible through the roof formed by the translucent blastoderm ; 


- but whether they increase by cleavage or spontaneous endogeny is not clear. BaLFrour 


states that they increase by division (No. 10, p. 109), and nuclei frequently show a 
transverse line coinciding with the short diameter (Pl. IX. fig. 10), but the further 
constriction and “ direct” division of an example of such nuclei into two daughter-nuclei 
was not made out,* and it is probably true that they arise and multiply precisely like the 
nuclei named “autoplasts” by Professor LANKESTER in the ovum of Cephalopods—arising 
and multiplying not by cleavage, but originating de novo as independent segregations.t 

The behaviour of the nuclei outside the disc in Teleostei is similar to that in Elasmo- 
branchs, as Ba.rour clearly states that whatever influence the nucleus may have in 
ordinary cases of cell-division, it may yet undergo precisely similar changes without 
exerting any influence on the surrounding protoplasm. In Elasmobranchs the nuclei of 
the disc are rounded and regular in form, while those in the yolk are irregular in shape, 
and provided with knob-like processes. The cone-like nuclei are only found in the earlier 
stages, and they possess no distinct membrane. 

OELLACHER, who refers more especially to the nuclear zone as described by KupFrer, 
says there isno need to resort to free-cell formation, inasmuch as its protoplasm is the 
same as the rest of the archiblast, hence, in each, the segmentation-process is the same. 
BaMBEKE ingeniously suggests that an endogenously-formed yolk-nucleus may give 
origin to these nuclei, and that the cells of which they are the centres are segmented 
more slowly than the cells of the disc (No. 20a, p. 4); but, as previously noted, 


. * The failure to observe “direct” division will not, of course, appear strange to those who accept karyokinesis or 
indirect division as the sole process of nuclear multiplication, but all visible forms of division are here included. 

. +t LANKESTER is also of opinion that the cells of the perimorula in Gammarus locusta arise as isolated structures 
like the autoplasts of Cephalopods (No. 92, p. 63). | 
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neither a primary nor a later endogenously-formed yolk-nucleus has been made out in 
the vitellus of the Teleostei. Upon this vexed question centres the interpretation of 
the trophic part of the ovum. 

That the periblast-nuclei are really autoplastic, would seem to be the conclusion most 
agreeable to the facts of the case,* and if the yolk were ancestrally divided into separate 
nucleated masses or cells, as was most probably the case, then upon the breaking down of 
these yolk-segments, to form the existing syncytium of the Teleostean ovum, the nuclear 
matter would likewise become diffuse. It is possible, therefore, to look upon the peri- 
blastic nuclei as the revival (segregation) of the primary nuclear bodies. The vitellus in 
one species (Zemnodon saltator), described by AGassiz and Wurman (No. 2, p. 14), 
still shows the division into large yolk-segments without nuclei, though the segmenta- 
tion is not total, a large central mass remaining uncleft. These large segments are 
much flattened, and appear beneath the marginal periblast, with which, during epiboly, 
they progress round the central yolk-nodule towards the vegetal pole. A similar con- 
dition occurs in the pelagic egg of the sole (Pl. XXII. fig. 1), in which a series of vesicles 
or segments appear under the dise in the lenticular stage, and spread with the blastoderm 
so as to form a superficial layer over the entire yolk. In the extremely pellucid egg of 
the sprat, again, the whole yolk is imperfectly divided into a series of polyhedral masses. 

Even holding to the position that the cell is essentially of a uninuclear character, no 
difficulty is presented by the multinucleate periblast, for each may be regarded as the 
centre of a cell whose outline is undefined. It must be granted also that little difficulty 
is presented to those who regard the yolk as a single cell—if, as ButscH11 holds, a single 
cell during proliferation may exhibit all the gradations from a uninuclear to a multinuclear 
condition, and from the latter retrogress to the former condition without once forfeiting 
its character as a single cell. On the other hand, the syncytium, as HAECKEL conceives 
it, though formed of cells originally separate, and including therefore many nuclei, is 
still a cell. 

There are many appearances in the living ovum which indicate that the periblast 
contributes cells to the blastoderm, such cells being segmented extra-embryonically.t 
This point belongs to a later stage of development, and we can here merely make a 
reference to this segmentation of the periblast in its bearing upon the real significance of 
this layer. 

In an ovum of Gadus eglefinus, at the close of the first day after fertilisation, the 
nuclear zone was well marked, and the homogeneous protoplasm composing it rose into 
minute prominences or depressed conical papille, upon each of which a nucleus appeared 
to be seated (PI. II. figs. 4 and 4a, m). This botryoidal appearance was unmistakable, 


* It would not be accurate to speak of these nuclei as genuine “ autoplasts,” for these latter bodies never become 
the centres of cells produced by cleavage. It is essential to the autoplast that the surrounding matrix remains unseg- 
mented. 

t The growth of the blastoderm by marginal conversion of cells is a phenomenon that continued investigation shows 
to be widespread ; it occurs in many Invertebrates—in Cyclostomes, and,as BALFouR and DEIGHTON unmistakably demon- 
strated, in Birds. Vide “ Renewed Study of the Germinal Layers of the Chick” (Quart. Jour. Micr. Sci., xxii. p. 177). 
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and due, there can be no doubt, to planes of cleavage passing as linear depressions from the 
margin of the disc outwards. No cells could actually be seen to be completely segmented 
and added to the margin of the disc, nor could this be ascertained by study of the living 
ovum, for such cells transferred into the germ would enter the lowest stratum of the disc, 
and would therefore pass beneath the margin along the basal region—this margino-basal 
portion of the blastoderm being especially unfavourable for study in the living condition. 
There is no evidence against Broox’s view, that matter passes into the archiblast in the 
early stages, and thus nourishes it—a view similar to that of Horrman (No. 68), viz., 
that the nucleated periblast performs the function of provisional blood. 


VII. Emspryonic SHIELD AND RIM. 


We have traced the development of the ovum up to the stage which immediately 
precedes the formation of a distinct embryonic trunk, coincident with the radial 
thickening of the blastoderm. No clear differentiation into layers can as yet be 
made out, though the upper stratum is usually distinguished as a layer of ectoderm 
(OgLLacHER’s “hornblatt”) or epiblast (Pl. Il. figs. 1-3, 6, and 15, ep)—the cells 
below, which form the main mass of the germ, being endodermal or lower layer 
cells (//), ‘This saucer-shaped blastoderm (Pl. II. fig. 19), consisting of two germinal 
leaves or layers, arches over the germinal cavity, while peripherally it is in contact 
with the cortical protoplasm of the yolk, chiefly that part of the cortex distinguished 
as periblast. Then commences epiboly, that remarkable process which RaTHKE, in 
1832 (No. 129), was the first to describe in Teleosteans. The germinal matter which 
originally clothed the vitelline globe as a film, and afterwards becomes segregated 
at the animal pole, is now seen apparently retrogressing, and again encloses the yolk, 
not as a homogeneous envelope, however, but as a segmented cellular blastoderm. 
With the commencement of the process the blastoderm flattens (Pl. II. fig. 15, bdm), 
and the vertical height of the germinal cavity (gc) is by this depression so much 
reduced as to form a mere fissure, though otherwise its relations remain unaltered. On 
the second or third day, in the Gadoids and other forms here referred to, this flatten- 
ing is clearly shown; and LEREBOULLET, who describes it in Esow, says that during the 
first half of the second day the blastodermic vesicle (7.e., the germ) flattens more and 
more, its two opposing walls touch,* and it becomes moulded as a serous envelope round 
that part of the egg which it covers like a watch-glass (No. 93, p. 488). By this process 
of flattening and extension meridionally over the yolk-ball, the germ becomes distinctly 
thinner. This decrease in thickness is especially noticeable, LEREBOULLET says, in Salmo 
fario as compared with Perca, and epibolic extension in the trout is much less rapid 
than in the latter. Variations, too, occur in pelagic ova, but these are doubtless caused 


* If our interpretation of LEREBOULLET be correct, it is not accurate to speak of the two layers, viz. the thin germ 
and the periblast, as really touching, though the interspace becomes less and less. 
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in a large measure by differences of temperature, light, the condition of the water, and 
other features of the laboratory, though the divergence between a pelagic and a demersal 
ovum in this respect is so marked as not to be fully explained in that way. Thus in 
Gastrosteus a blastoderm, which covered fully one-eighth of the yolk, had embraced in 
twenty-four hours only slightly over a quadrant, while in Pleuronectes it had extended 
over nine-tenths of the yolk-surface. Again, in Gadus eglefinus, when the temperature of 
the tanks was kept lower, epiboly was as slow as in the case of Gastrosteus under a higher 
temperature. When the germ covers barely a quadrant the margin becomes visibly 
thickened, this being the first indication of the embryonic rim (Kuprrer’s Keimsaum, 
OELLACHER’s Keimwulst), which plays so important a part in the formation of the 
embryo (Pl. II. fig. 17, 67). This appearance of the rim LEREBOULLET connects with 
the thinning out of the germ, and explains it as a process of mechanical transference— 
the central cells passing to the circumference, as indicated by the increased density 
of the latter, which forms “‘a true pad around the egg” (No. 93, p. 458). The cells 
of the germ undoubtedly become greatly flattened, as we see in PI. II. fig. 3, as com- 
pared with fig. 17, when extension has proceeded largely ; but such a transmission of 
cells less truly represents the process of peripheral thickening than the inflection of 
old, the reception of new cells described below, and the aggregation of these in a 
marginal band. 

We have referred to epiboly as to all appearance a retrogression,* but it is not really 
so, it is rather a process of invagination such as we find so widespread in the develop- 
ment of animal germs. This process, had the amount of food-yolk present allowed, 
would have resulted in the establishment of an involuted epithelial lining to the gastrula. 
The exaggeration of the trophic mass, which must ancestrally have been even much 
greater, prevents this progress of the ectoderm, and as its extension is not arrested, it 
follows that the yolk-globe is epibolically enveloped. While, as indicated, the germ 
becomes thinner, yet along one radius this decrease is not so great as elsewhere; 
in other words, the germ, soon after the close of segmentation, shows a thickened 
embryonic radius which never disappears (Pl. II. figs. 15 and 17). When the 
germinal cavity (gc) is formed, this portion is well marked, as the cavity lies in front 
of it, te. eccentrically, and all through development it is thus distinguished by its 
greater thickness, so that LEREBOULLET cannot be correct in saying that the embryonic 
radius only commences when epiboly is nearly complete (No. 93, pp. 495-6). He failed, 
indeed, to notice in his species any trace of the rim until the blastopore is in its final 
stage, then, he says, a very distinct rim is formed around the “trou vitellaire” of Voer. 
In the trout, as OELLACHER shows (see No. 114, Taf. i. figs. 2-5), this radius is well marked; 
but in other forms it is less apparent at an early stage, though the (embryonic) radius 
in all Teleostean ova is probably distinguishable from the non-radial portion by its 
greater thickness. In sections through the blastoderm before the equator is reached 
(Pl. II. fig. 17, and Pl. IV. fig. 8), the germ consists merely of two layers—ectoderm (ep) 

* Vide E. E. Prince, Annals Nat. Hist., July 1887. 
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and entoderm (hy), the cells of both being very much flattened; but along the embryonic 
axis several layers are present, and the cells are, in the living germ, more rounded and 
fuller than elsewhere. Similar larger cells also occur at the margin (PI. IV. figs. 5f, 
and 7), and to the presence of these, as well as their closer arrangement, no less than the 
greater number of cells, is due the thickened appearance of the marginal belt or rim (br). 
It is clear that the blastoderm covers a very large superficial area, when compared with 
its extent at the close of segmentation, and this extension is largely, as we have hinted, 
a process of “ flattening out ” undergone by the originally rounded or polygonal cells of 
the archiblast. The cells are thus expanded superficially; but doubtless there is also a 
marginal addition of cells—periblastic in origin. 

Beneath the rim and embryonic axis a single layer of cells intervenes, separating the 
germ from the yolk. This layer is, in fact, the third primary layer or hypoblast 
(Darmdrusenblatt), and its mode of origin is a point of great interest. How does it 
arise? The answer to this question is by no means easy, but the view that it is 
invaginated, 2.¢e., an inflection of the epidermal layer, is grounded upon appearances in 
the living ovum, and prepared sections (Pl. II. figs. 15, 17, Hy) no less than upon 
phylogenetic considerations. A folding-in of the epiblast is indeed seen at a very early 
stage, but, when the germ has thinned out, this involution is more apparent (Pl. II. 
figs. 10, 17), and the centripetal advance of the rim can be readily followed by continuous 
watching, for, starting as a narrow peripheral band very slightly denser than the rest of 
the blastoderm, it advances slowly towards the central point of the animal pole. 
This region, known as the embryonic scutum (OELLACHER’s Embryonalschild), coincides 
with the embryonic radial thickening, which, as already noticed, is present from a very 
early stage. LEREBOULLET calls it the ‘‘ bandelette primitive” or “ germe embryonnaire,” 
as being in his view the first indication of the embryo (No. 94, p. 255), but this is not 
so, the thickened radius preceding by an interval of many hours the inflection of the 
hypoblast, and being already distinguishable, when the germinal cavity appears. At 
first the scutum is a mere tubercle in the Salmonoids, as, LEREBOULLET says, though 
flatter and more tongue-like in Gadoids, which pushes out from the rim and progresses 
towards the pole opposite to the blastopore. As it advances and extends laterally, it 
brings visibly into prominence the embryonic thickening, which, however, already exists, 
and when the blastoderm covers about one-fifth of the vitellus, this hypoblastic layer 
spreads out as a scutiform film or membrane beneath the embryo. That this process is one 
of true invagination is disputed. Gérrz, Hennecuy, CunnineHAM, KinesLey, Conn, and 
others hold that it is so; whereas OELLACHER regards it merely as a delamination, 
a simple differentiation in situ of the deepest layer of the primary entoderm, and this 
view Ryper and others adopt. Kuprrer, VAN BaMBEKE, His, and G. Brook 
regard the sub-blastodermic protoplasm or periblast as the source of this layer. 
LEREBOULLET speaks of it as a vegetation or proliferation (No. 94, p. 253), though he also 
seems to resort to a kind of mechanical transference of cells (No. 93, p. 488). We know 
that in Elasmobranchs this layer is formed partly by conversion of lower layer cells — 
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in situ, and partly by invagination ; in Cyclostomes and Amphibians it is in all likelihood 
invagination purely, and the prevailing view, that Teleosteans illustrate this latter process 
also, is probably true. In a section of an early blastoderm (PI. II. fig. 15, a) the infold- 
ing has apparently begun at one point, but the cells of the single stratum—becoming 
crowded together—lie over each other so as to produce a multi-layered appearance (hyp). 
The layer inflected is, however, the outer or corneous layer, as GOrreE holds, and this 
point is of some importance, for many authorities who favour the invagination-theory, 
differ as to the layer that undergoes inflection. Thus HEennecuy, Acassiz, Wxrrmay, 
and others, though holding strongly to invagination, declare that the outer layer is not 
concerned in the process—a linear fissure, it is maintained, wholly separating the lower 
or sensory epiblast from the outermost layer, the latter indeed ceasing at a certain 
distance from the margin. That the outer or corneous layer alone is infleeted is the view 
of Krnestey and Conn (No. 78, p. 201) and others. Teleostean blastoderms are 
particularly unfavourable for deciding critical points such as this, the cells of the various 
layers being almost destitute of those peculiar distinctive features shown in many other 
groups, and an element of uncertainty must necessarily be connected with such a point 
as this. So far as Hennecuy’s view (No. 64, pp. 402-3) depends upon observations 
on the living ovum, it cannot be relied on, for this point must be determined by sections. 
If OELLACHER’S well-known figures be referred to, we find in very early blastoderms that 
not only is the epiblast shown extending quite up to the periphery, but the flattened 
cells pass. beyond the limits on to the surface of the yolk (No. 114, cf figs. 4, 5, 6, 
Taf. i.); but such an extension beyond the margin of the blastoderm does not take place 
in the ova dealt with here, though the limits of the germ in section are difficult to 
distinguish, save in such a section as Pl. II. fig. 15, a. 

In the living egg a fissure certainly can be distinctly made out, but it apparently 
ceases before the margin is reached. Optical considerations, again, would favour this. 
Henneavy, however, also urges that even in sections this point may be wrongly inter- 
preted, as chromic acid preparations show the same appearance as that we have just re- 
ferred to, and the obliteration of the fissure he attributes to the reagent. The view 
has been suggested (No. 122, p. 449), that while the process is one of invagination, it is 
more than that, since it embraces also a species of budding, such as LEREBOULLET alludes 
to (No. 94, p. 253), cells segmented from the periblast being added to the blastodermic 
margin, and folded in along with ectodermal cells. This vegetation of periblastic cells 
will probably be most active along the posterior edge of the scutum, but no evidence of 
this is indicated until a later stage. The entire rim is thus a region where peculiarly 
complex processes are going on, for not only is the outer edge continuously progressing 
towards the vegetal pole, but the inner edge is also advancing towards the opposite 
pole, and this is rendered possible by the combined inflection of epiblast-cells, and the 
inclusion of periblast-elements. It appears that KinasLey and Conn, while holding that 
the epiblast is really inflected as stated above, also regard the intermediary layer as 
adding cells to the invaginated hypoblast (No. 78, p. 209). The inflected cells creep up 
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as a single layer, except at the margin where they are heaped together (PI. II. fig. 10),* 
are very much flattened towards the animal pole, and merge with the cells from other 
parts of the rim. The effect of this union (especially where the cells from the rest 
of the rim meet«the cells of the scutum as it proceeds towards the same pole, as well 
as laterally) is, that the original very definite outline of the shield «becomes irregular, 
and finally almost wholly disappears. The rim, however, does not vanish with the 
appearance of the carina, as Kuprrer and Van BamBeExE hold, nor are the two structures 
really so intimately connected as is often supposed. The rim continues even after the 
alar expansion of the scutum, for the reason just stated, is no longer visible. The shield, 
in fact, exists before invagination of the hypoblast, if by the shield be really meant the 
embryonic thickening, and not merely a visible scutiform appearance; but it passes 
insensibiy away on all sides, save posteriorly. The invagination-cells do not so much 
produce the shield or carina as make both optically visible.t 

The ectodermal and periblastic cells, which are inflected, result in the establish- 
ment of a single layer of flattened cells—a sheet, in fact, of continuous hypoblast, 
which, as Haxcxet held (No. 63, p. 91), limits ventrally the embryonic lamella. It 
separates the carina from the yolk, save in the caudal region, where sections even more 
than the study of the living ovum indicate the special activity which centres there. 
It is noteworthy that the rim does not contain any mesoblastic cells, as in Rana, the 
Teleostean resembling the Cyclostome (Petromyzon) in this feature. In the region of 
the scutum the hypoblast, of course, includes in its fold lower layer cells, but their 
significance at this time is indifferent. This view, we think, explains satisfactorily the 
origin of the primary rim, the thickening of the blastoderm, the extension of both, the 
definition of the embryonic scutum, and its subsequent gradual disappearance. At any 
rate, it is difficult to explain these phenomena by any process of delamination such as 
that of OzLLAcHER, RypeER, and others: differentiation in situ of the lowest stratum of 
the primary entoderm would hardly produce the definitely-bounded thickening, and the 
centripetal progress of the same. The whole appearance and behaviour of the cells of 
the rim in the very transparent blastoderms here considered, strongly suggests invagina- 
tion rather than delamination. OxrLiacueEr’s figures (No. 114, Taf. i. and Taf. ii.), it is 
true, as strongly indicate delamination, though figs. 2 and 3, Taf. i. might represent an 
inflection of the lowest layer. At a later stage, when OELLACHER recognises a definite 
“unteres Keimblatt,” the cells are rounder and larger than the superjacent cells, a 
condition quite the reverse of that which obtains in the Gadoids. It would appear as 
if the character of the constituent cells of the hypoblast in these groups were not only 
thus unlike, but that in its mode of origin very marked differences also existed. Mr 


* This centripetal passage of cells, there can be little doubt, is of profound ancestral significance; it can be no less 
than “ a real survival of the hypoblast cells to grow inwards during the process of involution ” (BaLFouR, loc. cit., p. 530). 
t The curious notions of OELLACHER (vide No. 113, pp. 21, 40) respecting the various shapes assumed by the scutum 
at different stages, do not seem to be borne out by study of Gadoid and other forms; and the opinion formerly expressed 


pet mat us (No. 123), that the shield shows differences in outline, characteristic of different species, also needs 
1 on. 
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CUNNINGHAM’S suggestion may indeed precisely express the fact, when he hints that 
this layer may be produced in Salmonoids by delamination, and in the Gadoids and other 
forms by a centripetal process (No. 48). 

In either case the final result is the establishment of a continuous layer of flattened 
cells, which extends underneath the blastoderm, and forms an alar expansion on each 
side of the trunk of the embryo. Agassiz and WHITMAN speak of it as three or four 
cells deep below the embryonic axis; but this is true only for a slightly later stage, after 
proliferation has commenced. A typical section of the Teleostean on the establishment 
of the hypoblast, z.e., when the yolk is about half covered, shows (as in Pl. II. fig. 17) a 
single-layered corneous epiblast, ep, formed of fusiform or flattened cells, which roofs over 
a thick mass of cells for the most part derived from a second layer of epiblast, the 
sensory or neurodermal stratum, //, and lastly, the single layer of cells composed of the 
invaginated hypoblast, hy. The more or less acuminate snout of the embryo often appears 
to dip into the hypoblast in front, or rather the hypoblast (hy) seems to creep up and 
overlap the anterior end of the embryonic carina, car. (Pl. III. figs. 5 and 6). Posteriorly 
the hypoblast does not exhibit the flattened or squamous character, but forms a small 
tract of full, conical or cubical cells, hy (Pl. IV. figs. 5b and 6). These cells, which are 
quite at the blastoporic termination of the embryo, arch over a horizontal cavity, and 
form indeed a superior enteric roof, constituting, as CUNNINGHAM strongly and ably urged, 
a plate of dorsal hypoblast, and giving origin, as will be shown, to the notochord. 
These two important points fall to be considered shortly. 

The germinal area after completion of cleavage may be said to present three successive 
phases,—first, it is composed of archiblast cells (Pl. II. figs. 1 and 2) of fairly uniform 
size, polygonal, uninucleate as a rule, and formed of clear protoplasm free from yolk- 
spherules ; secondly, an upper stratum becomes slightly flattened, and may be dis- 
tinguished as ectoderm, ep (Pl. II. fig. 3), while the mass of unaltered cells below forms 
the “lower layer” or primitive entoderm, //; thirdly, the ectoderm, though at first a 
single layer, subsequently exhibits three or four layers, and the outer stratum is the 
epidermal or corneous epiblast (“‘ Hornblatt,” OzLLacuEr, “ Umhiillungshaut,” ReicHert, 
“ Deckschicht,” GOrTE); while the under stratum, which always consists of more than one 
layer of rounded cells, is the sensory epiblast, // (Sinnesblatt of OELLACHER), and this 
latter layer by rapid proliferation forms the neurochordal carina, constituting the main 
mass of the embryonic thickening, which below is limited by the single hypoblastic stratum, 
hyp. These three stages are represented in Pl. II. figs. 2 and 3. — 

Epiblast.—Little can be added by way of special remark in regard to this layer. 
Certainly the late distinct differentiation of the epiblast in Teleosteans forms a point of 
contrast to the condition in Elasmobranchs and Amphibians; but RypEr’s statement 
that the epiblast, with the other germ-layers, is only split off when the shield appears 
(No. 141, p. 494),* will not apply to the forms mainly treated of here, for the epiblast is 


* LEREBOULLET also in his forms (Perca and Esox) made out his epidermoidal layer only when the equator was 
reached (No. 93, p. 493). 
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visible, and is inflected as the peripheral rim when barely one-tenth of the vitellus is 
covered, whereas fully a sixth is enveloped before the expansion of the shield is indicated. 
When it first appears the outer layer is distinguishable only by the slightly depressed 
appearance of its cells. It is a single layer, and is difficult to make out, as it does not 
present the regular disposition or columnar character of the ectoderm in other forms. 
The second stratum is well marked when the blastoderm extends over a quadrant, and, 
as already pointed out, its cells are not at all depressed, but are rounded or polygonal, and 
form several layers—indeed, they are distinctly marked off from the corneouslayer. The 
existence of this layer has been disputed by HarcKEL in these words—‘“ I do not consider 
the idea of a special nervous layer many embryologists separate from the cuticular 
sensory layer to be confirmed ;”* and Kuprrer denies that this layer exists laterally, 
for he distinguishes the corneous stratum only, and indeed doubts the presence of a 
median sensory layer as such, the outer epiblast appearing to him to merge in the neuro- 
chordal mass below, as though it alone gave origin to it (op. cit., p. 248). 

Mesoblast.—The origin of the mesoblast is still a point affording matter for discussion, 
but the Teleostean blastoderm, it may be readily surmised, does not offer great facility 
for deciding the matter.t That it is not a primitive layer, but is derived from one of 
the primary layers, 2.e., ectoderm or endoderm, is beyond dispute. 

LANKESTER seems to have been the first to suggest that, viewed phylogenetically, the 
mesoblast arose as a paired outgrowth of the entoderm, a fact which KowaLewsky had 
ascertained to be true for Sagitta (No. 85, p. 827). 

In the Mollusca and Annelida we know that the mesoblast usually arises not as a 
single sheet, but as two distinct masses, just as in Amphioxus and many Craniates. 
Thus Scorr and Osgorn found in 7riton that the two bilateral masses were invaginated 
as such, and were never confluent in the middle line, the axial epiblast and hypoblast being 
only in contact along that line (No. 147, p. 455). Scorr also affirms in Petromyzon that 
some mesoblast (dorsal) is invaginated with the cells of the mesenteron, while the cells of 
the ventral mesoblast are derived from the superficial cells of the yolk; but SHrpLEy’s later 
investigations have demonstrated that in this form no mesoblast is invaginated, the two 
longitudinal bands being differentiated in situ (No. 149, p. 244). Batrour showed, and he 
is confirmed by His, that in Elasmobranchs the two bands arise in the manner just stated 
(No. 14, pp. 35-56); but in Lepidosteus BALFour and PaRKER give no account of the origin 
of the mesoblast. In certain Teleosteans, HarcKEL describes a bilateral development 
(Jenatsche Zeit., Bd. ix.), while KowaLEwsky says it originates from an invagination 
of the embryonic rim (No. 86). In speaking of the epiblast, it was indicated that our 
observations do not show such an inclusion of mesoblast by the reflected layer of the 
blastoporic lip ; and unlike the condition in Rana and other forms, the infolded layer, hyp 
(Pl. IL fig. 15a), is in close apposition to the epiblast, ep, above. In the middle line 


* “Gastrea Theorie,” see Quart. Jour. Micr. Sci., vol. xiv., note on p. 32. | 

t It need hardly be pointed out that in so familiar an ovum as that of Rana, the precise origin of the mesoblast is 
really undecided, and it is still to be settled whether the layer is derived from the “ intermediary ” mass of small cells, or 
from the endoderm by proliferation, as seems more probable. 
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of the embryonic thickening, the proliferated epiblast, ne (Pl. III. fig. 1), and the lower 
layer cells, of course, lie above the invaginated hypoblast, hyp. These lower layer cells 
probably become largely converted into mesoblast, though it is certain that the hypoblast 
also buds off some mesoblastic cells. W. Wotrr has recently expressed a view similar to 
this, though he denies that the mesoblast (Mittelkeim) arises in any way from the endo- 
derm. The cells which build up the mesoblast represent, he holds, the surplus of those 
blastomeres which are not used in forming the gastrula (No. 160, pp. 425-448). Accord- 
ing to Kuprrer, His, and KLEtn, the mesoblast results solely from the differentiation of 
the deeper germ-layer, while the hypoblast is stated to originate in the periblast (KLEty’s 
‘‘parablast ”). GOTTE speaks of it as formed from the invaginated layer, which gives 
origin in addition to the hypoblast. The fact would seem to be that much mesoblast is 
formed from the lower layer cells, // (Pl. II. fig. 15), these cells being a continuous 
sheet, viz., the primary entoderm of the early two-layered blastoderm, and they become 
severed into two longitudinal masses, mes (Pl. III. figs. 2 and 11; also Pl. IV. figs. 5 and 
10), by the proliferation of epiblast, ep, which produces the medullary plate, or 
neurochord, ne. The sub-ectodermic mass, // (Pl. II. fig. 15), cannot be regarded as 
mesoblast until it is severed mesially—the mesoblast, when recognisable as such, is defined 
as two lateral plates, just as in Petromyzon (Calberla), Triton (Scott and Osborn), 
Elasmobranchs, and other forms, Kin@sLEy and Conn speak of this continuous sheet, at 
an early stage, but their figures are not decisive. Thus their fig. 25, to which they 
specially refer, as also figs. 26 and 27, show a massive dorsal plate, which must be the 
thickened epiblast, 2.e., the neurochordal proliferation, and against it the notochord abuts 
below. The mesoblast must, in part, constitute the lateral plates, though the authors 
themselves do not so interpret their figures. This interpretation appears, in fact, 
irresistible, though it is not in agreement with the view stated in the text (No. 78, 
p- 200). RypEr* records a peculiar condition in lecate, viz., a precocious metameric 
segmentation in the two parts of the rim which diverge from the posterior end of the 
trunk. This is very remarkable, for no such feature has been seen in any other form, 
while in those referred to in this paper, the posterior portion of the trunk, after the 
mesoblastic plates are defined anteriorly, shows no such differentiation, the three layers of 
the mid-region merging, in fact, in a mass of indifferent cells at the posterior termination 
(vide—prs, PI. III. fig. 12, and Pl. IV. figs. 5d and 5e). These two mesoblastic plates, as 
seen in section mes (PI. III. fig. 11), have above a thin covering of epiblast, ep, and inferiorly 
an insinuating layer of hypoblast, hyp, which separates the embryo from the yolk below. 
Anteriorly the mesoblast thins away, and in the otocystic region is reduced to a single 
layer of somewhat depressed cells, mes, between the hypoblast, hy, and the greatly 
enlarged neurochord, mo (Pl. IV. fig. 4). In Ox LLacusr’s figures of the trout at this 
stage, the mesoblast is not so much reduced ; but its larger bulk is probably connected 


* RypeEr’s view of the origin of the mesoblast is not clear; he apparently favours delamination with O£LLACHER 
(op. cit., pp. 494-95), and hypoblastic proliferation (on p. 570); while on p. 501 he seems to suggest a sundering of the 
“lower layer” mass, such as is insisted upon above. 
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with the diminished neurochordal mass (vide No. 114, Taf. iii. figs. viii, and ix,) in that 
form. 
Further forward (Pl. IV. fig. 3) it apparently ceases altogether, the cells beneath the 
optic vesicles, op, being hypoblastic, while the denser stratum, ep, above, is neurodermal 
(sensory epiblast), unless the small strand of cells filling up the triangular fissure on each 
side be a continuation of the mesoblast behind (marked in the fig. mes ?). OXELLACHER’s 
representation of this region is not unlike our fig. 3, Pl. IV., but here again mesoblastic 
cells are shown as somewhat abundant; his mesoblastic “ Kopfplatten” consisting of 
three or four layers, which continue laterally as flattened peritoneal plates. This latter 
structure is wholly absent in our forms, the marginal ale being simply epiblast’ and 
- hypoblast, though the very minute group of cells mentioned (mes? PI. IV. fig. 3) may 
represent OELLACHER'S cephalic mesoblast. Our figures (Pl. IV. figs. 3, 4, 16, and 16a) 
support the view that the mesoblast does not yet extend into the head-region, the 
cells at 2 and y being obviously neurodermal. If the foregoing conclusion be correct, 
the mesoblast arises for the most part im situ from the lower-layer cells in the trunk- 
region proper—that is, excluding the pre-otocystic and caudal portions—by a process not 
of delamination purely, but of mechanical separation, the intruding neurochordal cells 
from above actually pushing aside the subjacent cells as two longitudinal lateral plates. 
It is not easy to see why mesoblastic cells should, as appears to be the case, be absent 
so largely from the cephalic region. Their absence would be accounted for if the 
mesoblast be really a forward growth from the trunk-region, and most probably also from 
the posterior mass of indifferent cells. Such a forward growth has been regarded as the 
sole process of mesoblastic growth (KOLLIKER, No. 81); and if in its differentiation the 
mesoblastic cells are separated at first just in front of the primitive streak, it will be diff- 
cult to show that some such process of forward growth is not involved. The cells, in fact, 
below the primary ectoderm form a median layer, when the rim is first invaginated below 
it, and since BatFour and DerricuTon find in the chick (No. 19, p. 180) that the main 
mass of the posterior indifferent cells (primitive streak) is really produced by epiblastic pro- 
liferation, it follows that some mesoblast is really indirectly of epiblastic origin. BAMBEKE, 
indeed, regards the mesoblast in Teleosteans as the lowest delaminated stratum of the 
primary upper layer of the germ (Von Bakrr’s animal layer), 2.e., ectoderm. This upper 
layer in his view divides into three, viz., the corneous, neurodermal, and mesodermal 
layers (No. 20a, pl. iii. fig. 8, pp. 57—58). Delamination solely will not account for the 
fact that in Teleosteans the mesoblast is certainly best developed in the posterior region,* 
as would be implied by the theory of forward growth, and we see that it thins away 
anteriorly. A comparison of figs. 3, 4, and 5a—5c, PJ. IV., sufficiently demonstrates this. 
Even at a later stage the same feature appears (see figs. 10 and 11, Pl. IV.), as though 
the mesoblast in extending anteriorly into the head reccives continual additions from 
behind. In Petromyzon, Surp.Ey, indeed, regards the muscular elements of the mouth 
* This is also the condition in Elasmobranchs, the mesoblast being accumulated at the posterior end as prominent 
tail-buds (loc, cit., p. 557). | 
VOL. XXXV. PART III. (NO. 19). | Ga 
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and gills, besides the eyes and mouth themselves, as developed from wandering mesoblastic 
cells as well as unsegmented mesoblast (No. 150, p. 336), and these wandering cells 
WENCKEBACH has recently affirmed to be active in Teleosteans in building up the heart 
and its connected trunks, and other parts of the embryo (No. 158). It cannot be 
denied that in fig. 2, Pl. III. and figs. 4, 5a, and 5b, Pl. IV., the mesoblast has more 
intimate relation to the hypoblast than to the epiblast, and the condition presented by 
these early sections corroborates the view that the mesoblast is of hypoblastic origin, as 
GO6rTTE strongly holds (No. 58). That the mesoblast in the Teleostei has in fact a three- 
fold origin is consonant with the figures given in various plates,—part being formed 
directly by conversion of lower layer cells a situ, while part is proliferated from the 
invaginated hypoblast beneath, and lastly to make up for the forward growth of these 
cells into the cephalic region, other mesoblastic cells are derived from the indifferent mass 
constituting the caudal region. It is singular that this account of the multiplex growth 
of the mesoblast should coincide, even down to many details, with the derivation of this 
layer in the chick, according to BaLFour and Drieuton. In their paper (No. 19) part of 
the mesoblast is determined to be from the indifferent cells of the primitive streak, prim- 
arily epiblastic (Jbid., p. 182); some mesoblastic cells, which are stellate, are differentiated 
from the hypoblast (pp. 184-5); while certain others lying below the epiblast in the early 
blastoderm (see No. 11, fig. 91, 7, p. 150), and really “lower layer” cells, BALFourR con- 
siders ‘have also a share in forming the future mesoblast” (p. 154). Kine@sLey and 
Conn, though they furnish no account of the process, come to a similar conclusion, and 
_ hold that this middle layer is derived partly from hypoblast and partly from lower layer 
cells (No. 78, p. 200). 

Hyposiast.—The hypoblast, Ay, which there can be little doubt is pushed in 
from the periphery as an inflected layer of ectodermal, for the most part “ corneous 
layer” cells, ep, with some cells derived from the periblast, per, insinuates itself 
between the under surface of the germ, //, and the cortex of the yolk, y, forming the 
limiting layer on the ventral aspect of the embryo. It separates the neurochord (ne, 
_ PL IV. fig. 5a) in the middle line and the lateral cells, mes, destined to form, in part, 
_ the mesoblast, from the yolk, y. It remains for some time as a single layer of flattened 
cells, hy, in the anterior and mid portions of the embryo; but at the posterior termina- 
tion (Pl. IV. figs. 5d and 6) its character alters, for it is there less definite, merging, in 
fact, with the heaped-up periblast, per, like the thickened layer of dubious cells, which in 
the chick continue into the “germinal wall” behind (No. 19, p. 179). This tract of 
mingled hypoblast and periblast is the site of much developmental activity, and about 
the time that the blastopore closes it becomes defined as a bridge of swollen columnar 
cells, Ay, in the median line, arching over a fissure below, and pressing against the 
neurochord, ne, above (figs. 5b and 6, Pl. IV.). We sce here the very phenomenon which 
KinesLey and Conn* and CunnincHam have suggested, viz., that the invaginated hypo- 
blast is really “dorsal hypoblast, roofing over a primitive enteric cavity, whose floor is 

* Op. cit., p. 201. 
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granular protoplasm with many nuclei, and cells apparently forming around them.” 
Anteriorly, the hypoblast still preserves its flattened character (Ay, Pl. IV. fig. 5a), 
while in the otocystic region it seems to merge in the neurochordal cells, ne, unless the 
undefined cells in the middle line be a thin stratum of mesoblast, in course of formation, 
and destined partially to constitute the nuchal and cephalic mesoblast (Pl. LV. fig. 4). 
A similar indefinite axial tract occurs in the chick (No. 19, p. 184). Further forward the 
hypoblast is once more fairly defined (PI. IV. fig. 2), and at the tip of the snout, as before 
mentioned, it may often be distinctly seen to overlap the epiblast as a thin veil (figs. 4—6 
and 19, Pl. III.). | 

The Blastopore.—The blastopore (Dotterloch—trou vitellaire) may be said to exist 
from the moment that epiboly begins. It coincides with the margin of the germ, and 
forms in fact the border of the saucer-like blastoderm at the conclusion of cleavage. 
Later, however, it is more distinctly recognisable as a kind of spacious mouth, from which 
the ball of yolk is seen projecting. Small granules often occur plentifully at the margin 
of the rim, and are imbedded in the periblastic ring (PI. III. fig. 16). The continued 
extension of the germ over the yolk produces certain changes, notably in its diameter, 
which are easily observed. 

Contrary to OELLACHER’S view, the rim seems to progress at an equal pace at all 
points, and it thus increases in diameter until the process of enclosure is half accom- 
plished; but after the equator is passed, the aperture necessarily diminishes, and finally 
presents a fairly circular form. OELLACHER regards the caudal end of the embryo as 
a fixed point, so that the parts of the rim further away from this point advance at an 
increased rate—progress being, in fact, rapid in proportion to their remoteness (No. 114, 
p. 4). This assumption, however, is very questionable, the snout of the embryo being 
apparently the fixed point, while increase in Jength takes place in the caudal region. 
No part of the rim can be shown to be stationary, for the embryo lengthens as epiboly 
proceeds, and no part presents more signs of active growth and development than the 
posterior extremity, as already indicated. 

The lip of the invaginated rim, for which the name blastopore is on every ground 
justifiable, attains its maximum size when the equator is reached, and after that stage it 
continues to diminish until finally it closes. Often it assumes an oval form (bp, Pl. IIT. 
figs. 7, 28; and Pl. XXVIII. fig. 5), doubtless due to the plastic nature of the yolk; but 
usually an almost perfectly circular outline is preserved. In some cases the blastopore 
has the rude outline of a flask, the narrow portion forming a bay, which coincides with 
the caudal end of the embryo, and this has suggested the theory of concrescence in these 
forms. In most cases no such terminal bay is seen, the embryo in fact projecting more 
or less prominently, and breaking the circular outline of the blastopore in a manner 
exactly the reverse of that just mentioned. In the later stages of development in 
ovo the concrescence theory is not clearly borne out, e.g., by the view of the gurnard 
(Pl XIV. fig. 7), in which the rim forms a backward loop at the tail. This concrescence, 
however, may occur without a visible bay or angle directed forward, as indicated by 
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J. T. CunntncHam.: Again, it is observed that towards the closure of the blastopore the 
“limbs ” of the blastoderm seem to go—so far—into the embryo. When this projection is 
less marked the caudal end of the embryo may still destroy the regularity of the 
cireumference, as in PI. III. fig. 23, recalling the horse-shoe-shaped blastopore of Astacus, 
such variations being easily explained by the bulk of the contained deutoplasmic matrix 
and the tension of the blastodermic membrane. This pressure outwards, as VAN BAMBEKE 
pointed out, and the restraint, of the blastoderm, frequently produce a contracted opening, 
like the mouth of a balloon (see Van Bamsexke’s figure, No. 20a, pl. ii. fig. 9), from 
which a plug of yolk protrudes, just as in the Crustacean ovum, mentioned above, an 
endodermal protrusion fills up the blastopore. In Teleosteans, as in Astacus, the plug 
diminishes as the blastopore closes. In the gurnard, as the blastopore closes, projecting 
cells are seen, which often send out protoplasmic processes, those protruding from the 
blastoporic lip somewhat resembling the processes which under pressure are pushed out 
from the marginal cells of the blastodermic ring at an earlier stage (Pl. II. fig. 16). The 
time of the closure of the blastopore of course varies, according to circumstances, in 
common with the other features of development. Thus in 7rigla gurnardus the closure 
was observed to be effected on the third day after fertilisation; whereas in another series 
earlier in the same season (May), the temperature being lower, this did not occur until 
the fifth day. As closure takes place the yolk may often, in side views, be seen still to 
project as a diminished yolk-plug (Pl. III. fig. 15); but usually as closure is effected 
the blastopore forms a trumpet-shaped opening, round which the deeply corrugated lip 
rises as a circular eminence (PI. III. figs. 9, 10, 21). 

Kupffer’s Vesicle.—When the blastopore closes, or often a few hours earlier,* a minute 
vesicle arises on the ventral aspect of the embryo slightly anterior to the caudal termina- 
tion. Its advent is preceded by the appearance, in some cases, of vesicles or small 
elongated spaces (Pl. III. fig. 17), evidently filled with colourless or pinkish fluid. They 
occur quite at the margin, as if the advancing embryonic area became elevated at these 
points, and progressed over them. In other cases a granular thickening occurs in which 
a few rounded vesicles are imbedded, as can be readily seen in Trigla gurnardus and 
other forms shortly before the blastopore closes. KinesLEy and Conn noted such a group 
of minute vesicles, which in five hours apparently by coalescence showed the characteristic 
form and appearance of Kupffer’s vesicle. It is defined in their figure, above by hypo- 
blast, and below by periblast (No. 78, pl. xvi. fig. 54). It is variable in the precise time 
of its appearance, for HenneGuy noticed it in Salmo fario when only about half of the 
vitellus was covered by the blastoderm (No. 80). In Molva vulgaris, Gadus morrhua, 
and other species it is usually not visible during the open state of the blastopore, but 
both in position and time of its appearance it varies, though the clear vesicular structures, 
with a delicate envelope, are usually exhibited. Kuprrer, who first described it in 
Gastrosteus, Gobius, and others, calls it the “allantois,” and says that it acquires a coating 
of cylindrical epithelium, and finally becomes the bladder, though he did not show how the 

* J. T. CunsincHam found that in Clupea it was late in appearing (January 1886). 
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primary “ Urnierengange ” communicated with it (No. 88). Hsnngevy also speaks of a 
cellular wall, but it appears to be more truly a wall of clear protoplasm in which nuclei 
rapidly develop, and not wholly a wall of cylindrical cells. In regard to form, it may be 
more or less spherical (kv, Pl. XXIII. figs. 8, 9), or markedly ellipsoidal (Pl. XXII. fig. 12), 
this latter figure being frequently altered by the flattening of its floor (kv, Pl. III. figs. 
21, 22) and the increased curvature of the roof,—changes best seen in side views; while 
again its shape may be wholly irregular (Pl. III. fig. 14); or lastly, it may simply take the 
form of a sub-embryonic fissure. Secondary vesicles are very frequent, and they present 
the same features as the normal vesicle (Pl. XXIII. fig. 9); but may extend all along the 
ventral line almost to the pectoral region. In the gurnard this multiplicity of vesicles 
is often a very striking feature, whether extending along the sub-alimentary region, or 
accumulated together as a prominent cluster of bubble-like structures. A small anterior 
vesicle in addition to the normal one is often seen (PI. III. fig. 20, and Pl. XXIII. fig. 8), 
and a connecting granular strand, but there is no apparent tendency to amalgamate. 
The diameter of the larger vesicle in an example of Gadus eglefinus was found to be 
‘005 inch, but occasionally, as in 7’rigla gurnardus (third day), the vesicles which form. 
a group may even be five or six times larger than the ordinary vesicle. An embryo 
of G. a@glefinus was observed to exhibit one or two small vesicles near the large 
vesicle, and three hours later, the large or normal vesicle and one of the smaller were 
almost free from the embryo, being in fact pressed into the surface of the yolk. 
Other three vesicles had developed and occupied the region whence the large vesicle was 
protruded, and shortly after, on viewing from above, the vesicles were seen to be upon 
one side of the trunk, viz., that to which the tail was bent. Still more remarkable was 
the situation in some examples of G. morrhua, for just before the blastopore closed, — 
in addition to the ordinary vesicle, a large clear vesicle also occurred midway along 
the trunk, and it deeply indented the yolk. Moreover, a vesicle also appeared at the tip 
of certain protoplasmic pseudopodia which were pushed out from beneath the embryonic 
trunk. In another example, Kupffer’s vesicle was situated posterior to the caudal termina- 
tion upon a process of protoplasm. AGassiz and WHITMAN called attention to appearances 
similar to the foregoing (No. 2, p. 73), designating them “secondary caudal vesicles,” 
and observing that they differed little if at all from Kupffer’s vesicle. Whatever signifi- 
cance be attributed to this latter structure, it is in any case simply a fissure or cavity 
beneath the embryo (see section kv, Pl. IV. fig. 5b), and is defined usually by the dorsal 
hypoblast, hy, above, and the periblastic matrix, per, below. Its contents are usually 
homogeneous and clear, evidently a translucent plasma, though occasionally granules 
find their way from the basal portion of the vesicle into its lumen. Such being its 
structure, it is not remarkable that it should vary in shape, or often be a compound 
instead of a single vesicle. Baxrour (No. 11, p. 61), Rauber (No. 133), and Ba.BIant 
(No. 9) favour the view that it is of ancestral value, and represents the invaginated 
enteric cavity of Cyclostomes and Amphibians.* Hxrnnecuy could not make out any 
* See also a discussion on the subject by J. T. CunninaHam (Quart. Jour, Mier. Sci., January 1835). 
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canal connecting it with the exterior, either in transverse or longitudinal sections; . 
but sections cannot satisfactorily demonstrate this point, the vesicle itself being evanes- 
cent, and its walls of delicate protoplasm are so readily affected by reagents, that a 
minute fissure is easily reduced or closed, so as to be indistinguishable. Study of 
the living condition is therefore most reliable upon this point, and it must be observed 
that Hennecuy did make out a canal connecting the vitellus with the dorsal surface of 
the embryo ; but he regards it as wholly independent of Kupffer’s vesicle, for this latter 
structure, he says, has disappeared some time before. But in so delicate and transitory 
a structure as this vesicle, it is important only that its site should be regarded, and there 
can be no question that such a posterior canal passing to the yolk beneath the embryo is 
in communication with that site, even though the vesicle itself be no longer distinguish- 
able. The enteric cavity at this stage is little more than a fissure between the (dorsal) 
hypoblast and the yolk-cortex or periblast ; and Henneguy’s canal can be no other than 
the post-anal passage trending round from the dorsal groove to the under surface of the 
embryo (that is, the surface of the yolk in HENNEGUY’s view), and connecting the 
transitory medullary groove, with the no less transitory primitive enteron known as 
Kupffer’s vesicle. RypDER admits that a neurenteric canal is represented, but not by a 
tubular connection ; the solid caudal mass, where hind gut and neurula mingle, must, he 
holds, in its axial part, represent the canal. But RypEr also noticed a fine canal passing 
from the vesicle to the blastopore, and says—‘‘I reserve my decision as to its true 
nature ” (No. 141, p. 527). 

Neurenteric Canal.—As the blastopore closes, a favourable side view of the caudal 
region shows a faintly marked fissure (nec, Pl. III. figs. 9, 20, and 22), or rather what 
seems to be a tubular connection of the external blastopore and the ventral surface of 
the embryo. Unless the chamber x (Pl. IV. fig. 5d), be an artificial product, the 
tubular character is demonstrated in the section. This slight cavity curves downward 
from the blastopore, and widens out laterally beneath the embryo (PI. III. figs. 8 and 8b), 
passing for a short distance forward as a mere line marked by fine granules, and dis- 
appearing, as Kupffer’s vesicle, or the site of it, is reached. Any actual union of the 
two vacuolated spaces is not easily made out, but the merging of the tract just described 
and the protoplasmic wall of Kupffer’s vesicle is unquestionable (PI. III. figs. 20 and 22). 
In fig. 9, Pl. III., the course of the canal, nee, from the corrugated blastopore, bp, forward 
is well seen, but Kupffer’s vesicle is not yet defined ; and the relation of the two is better 
seen in figs. 20 and 21, above mentioned, where the vesicle, kv, a minute lozenge-shaped 
chamber, is undoubtedly related to the tract, nec, posterior toit. Certainly the passage, nec, 
in fig. 22, is most readily, and without doubt correctly, interpreted as a neurenteric canal. 

The existence of such a canal in Teleosteans has often been questioned, and, indeed, 
Miss JOHNSON amongst others declares that no such structure is known in these fishes, 
nor an invagination giving rise to a blastopore (No. 76, p. 666); though KowALEwskY 
is stated to have announced in an early volume of the Arch. f. Mikr. Anat. (vol. vii. 
p. 114) such a connection of the alimentary tract with the dorsal groove in Teleostei; and 
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Kinestey and Conn refer very briefly to what they style a “neurenteric canal,” of 
which they give a figure (No. 78, fig. 30, pl. xv.). RarrakLe also recently alluded to it 
in Uranoscopus (op. cit., p. 28). That it has been rarely observed, and never fully 
described, is probably due to its evanescent character, and it may in some cases, indeed, 
never be developed. Batrour and Dertcuton (No. 19, p. 185) speak of it as “that 
most variable structure in the chick,” and the same description may be applied to 
it in the Teleostean ovum. This canal can hardly be due to the supposed process of 
concrescence, as it has not the character so much of a vertical fissure as a depressed cavity 
passing obliquely downward and forward between the embryo and the yolk, and is best 
seen in transverse or side view. It is, indeed, less of a tubular canal than of a tranverse 
fissure between the convex embryonic surface and the concave yolk-surface, and opening 
externally by the blastopore. In Pl. III. fig. 8, in the living condition its course is 
clearly indicated, the shallow dorsal groove continuous with the blastopore indenting 
the caudal region, and then merging in the descending tract, nec, which widens out and 
becomes lost in the mass of periblastic protoplasm, kv, in which Kupffer’s vesicle 
makes its appearance. Sometimes this neurenteric passage connecting the neuro- 
chordal groove above and the enteric region below is a distinct interspace (Pl. III. fig. 
9, and possibly nec? Pl. IV. fig. 5d). It is often marked by granules (Pl. III. fig. 
22), or even a tract of undifferentiated protoplasm, in which two or three clear spheres 
are imbedded (Pl. III. fig. 20). Fig. 8, Pl. IIL, for instance, showed this last named 
condition at 10 a.M., with a connecting tract opening externally between the closing lips 
of the blastopore. An hour and a half later, a spindle-shaped plug (PI. III. fig. 8a) 
sending outward an acuminate process, interrupted the canal, nec, and presented 
ameeboid movements. The plug then coalesced with the margin of the blastopore, and, 
assuming a distinctly granular appearance, formed a bridge across the fissure connected 
with the inferior tract (fig. 8c).* Meanwhile, the clear vesicles mentioned above had 
enlarged, and finally coalesced to form Kuprrer’s well-known structure. Such a plug 
as we have described BaLrour and DricuHrTon noted in the chick, and they speak of a 
mass of rounded cells pushed up through the neurenteric canal (No. 19, p. 186). The 
phenomenon just detailed shows two important points, viz., the connection of the 
external blastoporic orifice with the region of Kupffer’s vesicle, if not with the actual 
structure itself, and the obliteration of the passage of connection, 2.e., the neurenteric 
canal, by a plug probably pushed up from below. 

The section figured in Pl. IV. fig. 5d, and already referred to, passes through the 
precise region we have been dwelling upon, and a few loose cells alone obstruct the 
connection of the dorsal and ventral (enteric) groove, ne. The section is interesting as 
showing a portion of Kupffer’s vesicle, or the groove itself imbedded in a thick layer of 
periblast, per, as we have before described. 

Now the sections figured (Pl. IV. figs. 5b-5d, and fig. 6) clearly show the continuity 


* Fig. 8b is an intervening stage, when neither plug nor connecting bridge are visible. 
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of the enteron formed by an arch of columnar hypoblast, hy, and a floor of nucleated 
(periblastic) protoplasm, per, the ill-defined ascending interspace or canal, nec, being 
bordered by indifferent cells, and opening by means of the blastopore into the dorsal 
groove above. This dorsal groove is more fully treated of on another page, and it can 
be no other strueture than the primitive involution forming the medullary canal in so 
many forms, but in Teleosteans simply appearing as a transient, ancestral reminiscence, 
and, except for this, now obliterated. Certainly its connection with the subsequent 
permanent neural cavity cannot be demonstrated. 

So rapidly does the dorsal groove become effaced that in a large series of sections of 
early stages none indicate this structure favourably; but a reference to OELLACHER’S well- 
known figures (No. 114) sufficiently shows this, the deep groove in fig. iv. 3, Taf. ii, 
being merely indicated in fig. vii. 5, Taf. iii.; while the figs. in Taf. iv., such as fig. iv. 1, 
show no trace of it, nor can the permanent cavity be said to be more than foreshadowed. 
Owing to the rapid and complete obliteration of the medullary groove, the absence of a 
post-anal canal has been generally accepted for Teleosteans, and for this reason BaLrour, 
though adding a query to his cautious statement, concluded that no neurenteric passage 
was “‘ apparently developed” (No. 10, p. 286). Batrour and (Phil. Trans., 1885, 
ii. p. 365) speak of the neural] canal arising in Lepidosteus as a slit-like lumen, and not due, 
as supposed by OkLLAcHER for Teleostei, to an actual absorption of cells. ‘ When first 
formed, it is a very imperfectly defined cavity, and a few cells may be seen passing right 
across from one side of it to the other” (fifth day after impregnation). The connection in 
Teleosteans between the primitive enteron, no other than the gastrula-cavity (see page 
713), and the primitive dorsal groove cannot be questioned if our interpretation of figs. 
9, 21, and 22, PI. III., be correct, for the continuity of this groove, nec, and the blastopore, 
bp, is very apparent. The formation of a neural canal by a dehiscence of neurochordal 
_ cells is a secondary process, and the Teleostei therefore form no exception to the condition 
which ‘so widely obtains in other Vertebrata, and which was demonstrated by GassER in 
birds, by Kowa.Lewsky, Ba.rour, His, and others in Elasmobranchs, by OwssANNIKOW in 
Cyclostomes, and by Gore and others in Amphibians. 

Medullary Groove.—The permanent neural canal is formed comparatively late in 
osseous fishes, whereas in most vertebrates its appearance as a groove on the dorsum is a 
very early feature in development. For a short period, soon after the optic vesicles are 
defined, a transient longitudinal indentation passes along the median dorsal line from 
the head to the tail, just as LeREBouLLET figures (No. 95, pl. ii. fig. 36). It may be 
regarded as actually reaching to the lip of the blastopore, though the depression is 
so slight, in the extreme posterior region, that it is in some cases indistinguishable. 
In Rana at a certain stage the hind part of the neural groove cannot be made out. 
Spencer, however (No. 151, p. 97), found that it extends quite to the caudal margin, 
but in this latter region it is obliterated—the cavity closes up, and the nervous cord 
becomes solid. The hind end of the trunk in the embryonic Teleostean often appears 
like a flattened plate, in which the neurochord spreads out like a spatula (PI. III. fig. 16). 
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This flattened condition frequently continues for some time after the closure of the 
blastopore (PI. III. figs. 18 and 20). It is merely a shallow groove, barely perceptible 
posteriorly, and does not therefore enclose the blastopore, which remains open for a 
short time, as a pore with a corrugated margin, but in the cephalic region the groove 
forms, as in the gurnard (dg, Pl. III. fig. 4), quite a deep fissure, showing itself 
earliest anteriorly, and extending, as VAN BAMBEKE describes, in the form of “a 
slight depression,” the “sillon primitif” (see his fig. 12, pl. ii.), to the tail. In the 
forms here considered, the two lateral folds are by no means sharply ridged, and 


viewed from above the furrow is difficult to make out; and is thus unlike the condi-. 


tion in Hsox, which LEREBOULLET says is distinctly marked by two parallel lines 
—the groove being deepest in the mid-trunk, and gradually disappearing before and 
behind (No. 95, p. 516). In the mid-trunk, he remarks, it likewise remains open 
for the longest time (p. 528). This groove is, however, as before suggested, merely 
a reminiscence of the ancestral condition, and wholly disappears chiefly by the horizontal 
widening out of the embryonic trunk as the blastoderm proceeds to envelop a larger extent 
of the vitelline globe.* This is evidently the case posteriorly, but in the head-region 
obliteration is achieved less by elevation of the base of the groove than by coalescence of 
its walls. | 

KupFFER maintains that it is not by any means the homologue of the medullary 
groove of higher Vertebrates (No. 87, p. 251); while OELLAcHER regards it as pro- 
duced by the formation of the carina, the furrow deepening as the keel presses down- 
ward, and it is certainly true that the furrow is produced subsequent to the growth 
of the carina, and does not, as he proved, become the medullary canal; but the view 
adopted in these pages, that the carina is a neurodermal proliferation and the dorsal 
furrow an ancestral reminiscence, agrees best with appearances in life and in sections. 


Certainly no confirmation is given to CALBERLA’s opinion that ectodermal cells are . 


involuted along the central dorsal line to form the epithelial lining of the neural canal, 
as the same authority, supported by W. B. Scorr (No. 145), holds to be true for 
Petromyzon.t 

As a matter of fact, the dorsal groove in Teleosteans does not appear to become any 
organ, but wholly passes away. It is subject to great variation, just as in the chick, for 
at times it is apparently entirely wanting, or at most is represented merely by a 
shallow depression, which may be discernible in the short posterior part of the indifferent 
caudal mass.t This posterior mass of indifferent cells, to which reference has frequently 
been made, forms the termination of the embryo (Pl. III. figs. 18, 20-22), where it 
reaches the lip of the blastopore, bp. In it neither neurochord, notochord, nor mesoblastic 


* The superficial extent of the Teleostean embryo is a characteristic feature, and the dorsal groove is thus opened 


Out on account of the large bulk of the yolk upon which the germ lies flattened. RypER makes a passing reference to 
this (No. 141, p. 564). 


wx + This epidermic involution in Petromyzon has now been disproved by the recent investigations of SHIPLEY 
0. 150, p. 9). 


t Compare the observations of BaLrour and DgicHTon on the chick (No. 19, p. 183). 
VOL. XXXV. PART IIL. (NO. 19). 6B 
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plates can be distinguished, for all these melt into a common aggregation of cells, below 
which even the hypoblast, as BALFour and DkriGHTON note also in the chick (No. 19, 
p. 180), is hardly separable as a defined layer (Pl. III. figs. 3 and 12, and Pl. IV. figs. 5b 
and 5c). The epiblast (ep, Pl. IV. fig. 5d) laterally is partially differentiated ; but in 
the middle line it merges in the cells below, to which, indeed, it gives origin. All these 
features point to its identity with the primitive streak of higher forms. The primitive 
streak, it is true, according to the accepted interpretation, arose in the process by which 
the embryonic trunk, notably in the Sauropsida, was removed from a marginal to a more 
central position on the surface of the yolk. This transference drew after the embryo, as 
it were, the diverging arms of the blastoporic lip, and their cells form a post-embryonal 
mass, which is the primitive streak. In Rana temporaria, as SpeNcER found (No. 151, 
p. 97), the point where the medullary groove opens into the blastopore becomes solid, the 
neurochord losing its canal, and the epiblast, mesoblast, and hypoblast fusing as an indif- 
ferent mass just anterior to the blastopore. The Teleostean embryo reaches to the 
periphery of the blastodermic area, and any similar aggregation of indifferent cells is 
reduced to its smallest limit, yet such an aggregation exists, as a transient posterior 
mass, into which the notochord and other structures, anteriorly placed, pass and disappear. 
It is so in the chick, and in both the structure is transient—its importance goes with 
the earliest embryonic stages, and it disappears, or rather is used up, partially as we have 
seen, in the production of mesoblast, and still more by the extension posteriorly of the 
embryonic trunk, and the development of the tail. Its position on the anterior margin 
of the blastopore is easily explained, the present anterior margin is really the primitive 
posterior margin. If the blastopore extended to the ventral surface of the embryo, an 
increase in the amount of food-yolk would cause its true anterior margin to be pushed 
away from the ventral surface, and as it was thus carried outwards, the true posterior 
margin remaining unmoved, the parts of the blastopore would become reversed, just as a 
pendulum, if held horizontally in a north and south direction with the weight north, would 
with the first swing become reversed, the fixed attachment would point north, and the 
weight (7.¢., the true north end) would become south, and thus it is that the present 
posterior edge of the blastopore is really the former anterior margin. According to 
this view, we see that the blastopore, having drifted outwards, no longer coincides with a 
ventrally placed anus; and the relations of the primitive mesenteron, post-anal gut 
(Kupffer’s vesicle), and neurenteric connection with the dorsal groove are placed in a 
clear light by means of the blastopore. 
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VIII. GeneraL DEVELOPMENT OF THE TRUNK. 


After the closure of the blastopore, the definition of the embryo as a cylindrical 
rod, pressing somewhat deeply into the surface of the yolk (Pl. III figs. 1-4), 
becomes marked. Anteriorly its enlarged cephalic region soon rises boldly above 
the surface of the periblast; while the trunk, though prominently standing out 
along the dorsum, and indenting the yolk in a pronounced manner ventrally, yet 
laterally, by the alar expansion of the scutum on each side, gradually merges in the 
general expanse of the blastodermic envelope, as observed in the serial sections 
(figs. 8, 4, 5a-5d, Pl. IV.). The true limits of the embryonic trunk are in reality 
not defined, the neurochord, ne, and myotomic masses, mes, are distinctly marked, but 
more distally, in the snout and tail, as well as the lateral regions, no sharp line of 
demarcation divides the young fish from the blastodermic area beyond. The embryonic 
Selachian or bird is pinched off more or less sharply at an early stage; but the Teleostean 
embryo, instead of becoming folded off as it were from the yolk, continues to lie 
extended upon its surface, and gradually draws the vitellus into its large subenteric 
enclosure, the abdominal walls, as we shall see ultimately, entirely encompassing the 
yolk. In some forms the yolk persists less prominently than in others, the somato- 
pleure more rapidly extending ventrally and enveloping it. It never projects, as in 
Elasmobranchs and Sauropsida, in the form of a dilated sac distinctly separated from 
the ventral surface of the body, except at one point, where a narrow vitelline stalk still 
connects the two. LEREBOULLET speaks of such a pedicle in Esow (No. 95, p. 612); but 
this has not been confirmed, and in no case probably does the splanchnopleure surround 
the yolk, and form a narrow pedicel, until the latter has diminished to a very large extent. 

Eprblast.—The external epiblast undergoes little change. We have seen that it is 
established as a single layer of cells, which very early become flattened and in section 
spindle-shaped. They form, in fact, an epidermis or corneous stratum, ep; but are not for 
some time marked off with any distinctness from the lower-layer cells of the blastoderm.* 
In the region of the head they first show their characteristic features ; but they retain 
their primary rounded, polygonal outline at the posterior extremity of the embryo till 
much later (Pl. IV. fig. 5c). These last-named cells, as remarked on a prior page, are 
not differentiated fully from the cells beneath until the closure of the blastopore. While 
over the trunk, and the area of the blastoderm beyond, the corneous epiblast extends as 
a single stratum of squamous cells, yet it may often show slight proliferation, and 
. Present more than one layer. In section, through the head of an early flounder 
(Pl. IV. fig. 3), this is so, though it is true the protrusion of the optic vesicles may 
have cut off a thin superior stratum of neurodermal epiblast. Over the blastoderm 
generally a single layer of corneous epiblast seems to be present ; the nervous layer, on 
the contrary, is many-layered, and in the middle line becomes so dense as to form 


: : In some Teleosteans this distinction would seem to be well marked, for KowALewsky speaks of it as dis- 
tinguishable soon after cleavage is ended in Carassius, Polyacanthus, and Gobius (op. cit., 1886). 
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the thickened carina, ne, which presses upon the yolk (vide Pl. LV. fig 4). Very often 
it is so distinctly separated from the epidermal cells above, that a fissure intervenes, 
forming at the sides quite a spacious interstice (PI. III. fig. 2). The cells of the neurochord 
are full and rounded (ne, Pl. IV. fig. 4), but as downward proliferation proceeds, those 
forming its lateral boundary become columnar, and unmistakably mark off the neuro- 
chord from the adjacent cells, especially in the fore part of the trunk. In this region the 
cells so rapidly proliferate ventrally and laterally, that they come into direct contact with 
the limiting hypoblast, hy, below and at the sides, or at most permit a mere trace of 
mesoblast to find a place there. Further back (Pl. IV. figs. 5a and 5b) the mesoblastic 
plates, mes, lie upon each side, and its ventral ridge alone touches the hypoblast, hy, while 
above it is limited only by the flattened stratum of epiblast, ep. Both layers of epiblast 
seem to extend over the blastoderm, and form the outer stratum of the yolk-sac, while 
below lies the extended hypoblast, which rests directly upon the periblastic cortex of the 
yolk. It is below the second epiblastic layer, which here assumes the character of a loose 
mucosa, a rete Malpighti—or rather in the lowest stratrum of this mucous layer, that the 
pigment occurs as amorphous bodies which extend over the surface of the yolk. In 
P. platessa and other forms, in which the epiblast lies immediately upon the periblast, 
the hypoblast being apparently absent, the pigment may send processes into the yolk- 
cortex ; indeed pigment may develop in the periblast itself as described on a subsequent 
page. 

Notochord.—In the earliest sections of the trunk, no trace of the notochord is seen, 
the neurochord, ne, being limited below by the single layer of hypoblast, hy, and having 
the thick mesoblast, mes, upon each side (PI. IV. figs. 5a—5d). About the time that the 
lip of the blastopore has reached the equator, a median mass of cells (nc, Pl. III. fig. 11) 
intervenes between the keel of the neurochord, nec, and the hypoblastic stratum, hyp. 
These (notochordal) cells are rounded, and rapidly show a somewhat concentric 
arrangement, quite unlike the depressed cells of the stratified neurochord above 
(Pl. Ill. fig. 11; Pl IV. fig. 5b). The notochordal cells, ne, it is true, are not 
separated by any definite line of demarcation from the ventral ridge of the neurochord, 
ne; but as the cells of the latter are unmistakably squeezed upwards by the pressure 
of the notochord below, this could hardly happen were the cells of the notochord a 
downward proliferation of neurochordal cells. The ventral ridge of the neurochord is 
evidently indented and its cells greatly flattened by these axial cells below. In sucha 
section of the early notochord as shown in PI. III. fig. 11, the possibility remains that this 
axial rod of cells is a remnant of median mesoblast, left when the lateral mesoblastic plates 
are sundered as protovertebre, but the difficulty of such derivation lies in the fact that 
the mesoblast never appears to be confluent in this region; on the contrary, when once 
the notochord is indicated, it is sharply marked off from the mesoblast on either side. 
Thus in the section (Pl. IV. fig. 10), while the notochordal mass, nc, is not clearly 
separated from the hypoblast, hy, below, or from the epiblast (neurochord), ne, above, 4 
very distinct line of division passes between it and the lateral mesoblastic plates, mes, 
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though in another section of the same date (Pl. III. fig. 13) the notochord and mesoblast 
are not distinctly separated.* In the chick the early notochord is continuous laterally 
both with the mesoblast and hypoblast (No. 19, p. 185); while VAN BamBekg, in agree- 
ment with OELLACHER, decides from his sections that the notochord is directly mesoblastic 
(No. 114; also see his fig. 14, pl. iv.). A comparison of a large number of sections shows 


‘that the mesoblast, mes, is very clearly separated as two lateral plates, e.g., as in Pl. IV. 


fig. 5a; but the notochord, even when detached from the hypoblast, and apparently in 
intimate connection with the epiblast (neurochord), is never united to the myotomes. 
The hypoblast, hy, it is noteworthy, is hardly distinguishable in this region, as though it 
had been almost entirely used up in the formation of the notochord, for at the sides it is 
well-defined. Batrour noticed a similar thinning out of the hypoblast, and he states 
that only by high powers could the continuity of the stratum be made out (No. 14, 
p. 683). Van BaMBEKE again denies that the hypoblast exists here at all, affirming that 
the notochord is at first in direct contact with the periblast below (No. 20a, fig. 15, pl. 
ii,), a layer of cells being afterwards pushed in from each side, and thus separating the 
notochord from the cortex of the yolk. The character of the cells, on close examination, 
shows the distinguishing features insisted on earlier, viz., the (dorso-ventrally) depressed 
condition of the neurochordal cells, ne, and their arched stratified disposition ; whereas 
those of the notochord do not exhibit these features, and the contrast is still more 
emphatic at a later stage. In addition to their rotund condition, the notochordal cells 
are seen in longitudinal section to have a transverse arrangement, such as would be pro- 
duced by an antero-posterior pressure (nc, Pl. IV. fig. 15), aud this is interesting as indi- 
cating, what we have already suggested was possible (see p. 729), viz., that the notochord 
may be pushed forward to a certain extent from the primitive streak. 

Unlike the condition in Elasmobranchs, the notochord of Teleosteans is at first clearly 
differentiated in the mid-trunk or mesenteric region (Pl. XXII. fig. 12, ne), and gradually 
extends forward, ending indefinitely above the middle of the cardiac rudiment, as in Molva 
vulgaris, on the first or second day (PI. V. fig. 8). It curves downward, and sometimes 
seems to turn slightly to the left, as in 7. gurnardus, on the ninth day. A section through 
the otocystic region (PI. IV. fig. 4) shows a mere trace of median hypoblastic prolifevation, 
while in the post-mesenteric region the activity of the hypoblastic cells has resulted in the 
formation, not of a distinct notochord, but of an arch of columnar enteric cells bridging 
over a cavity (Pl. IV. fig. 5b), suggesting a condition identical with that represented in 
Batrour’s figure of this region in Petromyzon (No. 11, fig. 39, p. 86), in an Elasmobranch 
(No. 15, fig. 1, c, pl. xxix.), and in Lacerta (No. 14, figs. 2, 3, pl. xix.) ; while Scorr and 
OsBorn’s figure of Triton (No. 147, fig. 5, pl. xx.) no less closely resembles it. The 
last-named observers clearly saw that the notochord originated from the upper wall 
of the alimentary canal, as is indicated in their figure just mentioned. The outgrowth of 
the notochord from this enteric roof, figured in Pl. IV. fig. 50, is not actually seen, but 


* In Lepidosteus, BALFouR and PARKER noticed a similar sharp separation from the mesoblastic plates, while the 
hypoblast had more intimate relation to the notochord, but they could not decide as to its real origin. 
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it is demonstrated that where the hypoblastic cells are not converted into the enteric arch 
they proliferate to form the notochord anteriorly; while the notochordal cells, nc, origin- 
ating in this way merge posteriorly in the enteric roof (Pl. IV. fig. 5c), precisely as they 
unite in Elasmobranchs (No. 15, p. 683). 

The notochord arises then as a ridge, or median proliferation, of the hypoblast in the 
posterior portion of the mid-trunk ; extending from that region, anteriorly, chiefly by a 
progressive proliferation of hypoblast below, but doubtless to some extent, as already 
mentioned, by a forward pressure of the hind part of the rod which is first formed. 
K6LLIKER’s view, that the notochord is continuous with the primitive streak (No. 81), 
from which latter mass of cells the mesoblast arises and progresses forward, is consonant 
with such a forward growth of the notochord in Teleosteans as we have indicated. 
While the mesoblastic origin of the notochord is not generally accepted, there remains a 
possible mode of origin which sections do not directly discountenance. If it is neither 
formed from mesoblast nor hypoblast, it may yet be an axial differentiation of lower- 
layer cells, constituting 7m situ a median rod, when the mesoblast plates are cut off 
laterally, and the neurochord is defined above. Such a derivation has much in its favour, 
if we consider such sections as are given in PI. [II. figs. 2 and 11, and it is the conclusion 
adopted by Batrovr and Deicuton. In the case of the chick they found a median plate 
of cells, not as yet divided into mesoblast or hypoblast, together with a short column of 
cells originating from the primitive streak (No. 19, p. 186), and these form the notochord. 
In Cyclostomes (Petromyzon) the notochord is formed by a vertical reduplication of axial 
hypoblast-cells, as CALBERLA (No. 39) showed, and as BaLrour confirmed (vide No. 11, 
p. 87, figs. 39, 40); but whether this holds true for the Elasmobranchs, or whether axial- 
layer cells, as above stated for the chick, form it, BaLrour found himself unable to decide. 
This uncertainty in regard to the origin of the notochord is further shown by the fact 
that RUDWANER was of opinion that it arose from the epiblast ; while KinasLEy and Conn 
considered it hypoblastic, as also did CaLBERLA for Petromyzon, Syngnathus, and Rana. 
Braun, again, held that in the parrots the notochord was mesoblastic. 

In Teleosteans Kuprrer affirms the origin of the notochord to be one of the unsolved 
problems of embryology, and he declines to come to a decision on the question (No. 87, 
p. 222). We have pointed out, however, that its hypoblastic origin is most in accordance 
with the sections. The large cells (nc, Pl. 1V. fig. 56) above the primitive enteron, 
there is little doubt, are the first traces of the notochord, which further forward is already 
partially defined. Fig. 11, Pl. III., again, is most satisfactorily interpreted as demon- 
strating the meeting of cells from above (the neurochordal proliferation) with the noto- 
chordal cells (hypoblastic proliferation) below. The cells of this longitudinal rod, nc, present 
much the same features as the adjacent cells, mes and hyp, though the neurochordal cells, 
ne, above always exhibit a more or less depressed appearance. At its anterior end the 
notochord grows rapidly forward, and, as Scorr found in Petromyzon, it extends beyond 
the hypoblast of the alimentary canal into the cephalic region. There is, in fact, an 
anterior proliferation of notochordal cells (No. 146, p. 145). We see that in a series of 
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sections (Pl. IV. figs. 5b-5d) through the posterior region during the early stages of the 
notochord ne, it widens out and becomes lost in the primitive streak (prs), or rather 
merges in the upper wall of the gut, both disappearing in the caudal mass of indifferent 
cells (prs, Pl. III. figs. 3 and 12), just as in Lepidosteus the notochord is not separated 
from the lateral mesoblast, nor the latter from the neurochord, posteriorly. When ulti- 
mately it is defined, and extends from its hind emargination to its oral termination 
(nc, Pl. V. fig. 4), its cells do not long retain their primitive condition. They are not, as 
in Triton, primarily large cells which divide into small cells, and again break up to form 
larger cells once more (No. 147, p. 467), but are cells of small diameter—agreeing with 
such as for the most part compose the embryonic trunk, and become larger by an increase 
of their substance. Thus in a haddock of the fourth day (ne, Pl. III. fig. 13) with the rim 
at the equator, they can only with difficulty be distinguished from the mesoblast-cells, 
mes, on each side; yet when the blastopore is just closing (fifth day, Pl. IV. fig. 10), 
these cells, ne, are conspicuous for their large size and rounded contour, while their tend- 
ency to assume a radial arrangement is marked. The larger size of the cells in transverse 
section must, no doubt, in some measure be due to the forward pressure mentioned on a 
previous page, for only three or four cells reach across the diameter of the notochord. In 
their smaller, earlier condition six to eight cells extend across the same diameter. 
= While the notochord is well defined posteriorly (nc, Pl. IV. fig. 10), save at its 
; extreme aboral end (and BaLrour and Parker found a similar obliteration of the notochord 
posteriorly in Lepidosteus),* anteriorly it is even more distinctly marked (nc, Pl. IV. fig. 
11), though as yet no chordal membrane surrounds it. When the blastopore is closing 
the notochord does not reach as far as the pectoral region, but ‘on the first or second 
day afterwards it extends quite to the point where the cardiac swelling appears (Pl. V. 
fig. 8). About the time that the lenses of the developing eyes are visible the oral end 
of the notochord is sufficiently well marked to exhibit the characteristic flexure in 
front of the heart; but at its aboral end it spreads out slightly, and vaguely terminates 
in the tail which is now defined and prominent (nc, Pl. XXIII. fig. 9; Pl. V. figs. 8 
and 10). Transverse striations soon cross the notochord, due to the continued for- 
ward pressure of its cells from behind, and cells here and there are seen breaking 
down, so that discoidal plates, or rather irregular vertical septa separating intra- 
cellular chambers, are formed. From its oral to its aboral end a continuous series of 
these chambers appears, resembling the “interrupted pith” of botanists (nc, Pl. IV. fig. 
12). The process of vacuolation, of the breaking down, and aggregation of flattened 
cells in serial fashion, is preceded by the assumption of a radial arrangement in the cells 
about to suffer alteration, their nuclei showing a centripetal movement, so that they are 
mainly found along the central line of the notochord (nc, Pl. IV. fig. 10, just as 
OELLACHER represents in No. 114, Taf. iv. fig. xvi,, &c.). The process in Clupea, according 
to Kuprrer, is not such as we have described for our forms, for the refractive discs, he 
states, are formed by the confluence of minute granular particles in the primary cells as 
* Phil. Trans., 1882, ii. p. 365. 
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they become flattened. A simple series of these transverse divisions, termed by him 
“secondary cells,” is formed, and in a longitudinal section of the notochord he figures the 
various stages (No. 87, Taf. iv. fig. 44). The irregular transverse septa in section (nc, 
PL. IV. fig. 12), are, however, evidently due to the adhesion of the walls of the primary 
notochordal cells, and the confluence of their protoplasm to form large interstices.* 
These septa become still more desiccated, and form a fine but complex meshwork, the 
outermost portions of which constitute a limiting membrane. No such investment as the 
latter as yet exists, though at a very early stage in Elasmobranchs BaLrour made out a 
special sheath, in fact, very soon after its formation (No. 11, p. 684). In Teleosteans 
the neurochord above, and the hypoblast beneath, are in direct contact with the 
constituent cells of the notochord during the early metamorphosis just described. A 
stratum of flattened mesoblastic cells, it is true, at so early a stage as fig. 12, Pl. [V., may 
clothe the sides of the chorda, nc, while a thickened layer of similar cells may intrude 
between it and the hypoblastic enteron, g, destined, no doubt, to contribute to the later 
perichordal sheath. This external mesoblast is probably the special sheath described by 
_LEREBOULLET at an early phase in Esow (No. 93, p. 527); but at this stage the mass of 
cells is external to and independent of the notochord, which must be regarded as a naked 
cord of cells undergoing rapid vacuolation. 

When vacuolation has proceeded so far that the mere transverse fissures of fig. 12, 
Pl. IV., become converted into the spacious chambers more or less rounded, especially 
in the caudal region (Pl. XV. fig. 4, nc), and subsequently into the more irregular 
spaces (Pl. XI. fig. 11, and Pl. XV. fig. 7, nc), those collapsed cells which are not 
included in the septa will be pushed outwards, and form, as in fact they do, a continuous 
circumscribing sheath. The process is purely one of vacuolation, and the breaking down 
of the boundaries of smaller cells to form larger ones. No dot-like aggregations, such as 
KuprFFerR describes, seem to take part in the process, nor do scattered yolk-spherules 
_ (Baxroor, No. 11, p. 684) or oily elements occur (LEREBOULLET, No. 93, p. 527) in the con- 
tents of the notochordal cells. The contents of the cells are fluid, clear, and homogeneous, 
and often exhibit a slightly pinkish tint in certain lights, as in 7. gurnardus on the fifth 
day. LEREBOULLET did not notice in his forms the early condition—the primary cells of 
thé notochord, for it was already transversely striated when he first observed its 
structure ; and he notes the remarkable feature, just referred to, that through all its 
substance oily elements are dispersed (No. 93, p. 527, pl. ii. fig. 44). With its increase 
in length the notochord grows in diameter, a condition which is precisely the opposite of 
that described by Scott and Osborn in 7riton, for in that form the notochord is largest 
in cross-section during its earliest stages, and greatly diminishes in diameter during sub- 
sequent stages (No. 147, p. 467). The increase in diameter of the Teleostean notochord 
stretches the cells of the sheath, 2.e., the superficial cells of the chorda; thus they become 


* These interstices, with fine membranous limits, form a series of discs placed one behind the other along the 
whole length of the chorda. They form large discoidal cells, which at many points do not entirely pass across the 
notochord, as they vary considerably in diameter. 
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very thin, and at times almost imperceptible (nc, Pl. VII. fig. 6). The true notochordal 
sheath during the later larval periods is very delicate and fine (Pl. VII. figs. 6, 6a), nor 
does it, as BALFour indicates (No, 11, p. 546), ever become thicker or more definite. It 
is nucleated (n, Pl. XV. fig. 7), as GeGENBAUR showed in the greatly thickened sheath 
of Salmo salar ;* but the nuclei are irregularly arranged, and in some sections they 
are so sparse as to suggest the presence of an enucleate stratum (cs, Pl. XV. fig. 7), 
though this condition is easily explained by its mode of origin. In horizontal sections 
of the chorda the flattened cells of the sheath overlap and produce a more or less regular 
tessellated appearance (PI. XV. fig. 7). Kuprrer says that this sheath in the herring is 
homogeneous and without nuclei (No. 87, p. 222), while he describes a round nucleus in 
each chamber of the vacuolated notochord. Such nuclei in our forms are rare, though 
sections often pass through the points, where several septa unite and produce the same 
appearance as nuclei in the septa would do, but they are simply sections of the junction 
of cell-wells, or, at times, merely the collapsed contents of the notochordal chambers. 

_ Of the subnotochordal rod, which has been described by BALFour, OELLACHER, RYDER, 
and others, nothing definite can be here stated. It would, in fact, not appear to be 
developed in the forms specially considered in this paper, though RyDER mentions it in 
Alosa and Salmo as a well-marked strand of cells; and OELLACHER is of opinion that it 
shares in the development of the aorta along the under surface of the chorda dorsalis. 
The intruding mesoblast limiting the chorda below in the Gadoids, gurnard, and others 
is an indefinite lamella figured in its earliest condition in Pl. IV. figs. 12 and 18, which 
subsequently forms a median meshwork in which the early heemal lacune are developed, 
while laterally the renal connective and other tissues are formed out of it (vide Pl. VII. 
figs. 1, 4, 6).t 

Vertebral Column.—The vertebral column and its costal appendages belong as such . 
to a stage subsequent to the larval condition proper, and, in this place, little more 
can be done than simply to touch upon certain points observed before the close of the 
first month after extrusion. 

The cod and haddock will be mainly referred to, as the condition of the vertebral 
column shows great differences in various Teleosteans; in some forms cartilage-cells 
appearing, and cartilaginous arches developing soon after hatching, whereas in others 
no such elements are present until the embryo is about a month old. LEREBOULLET, 
indeed, was unable to make out any ossification in the perichordal sheath, in Perca, until 
the young fish was three months old (No. 93, p. 644). 

The condition of the notochord before and after hatching has been described, 
and sections of G. morrhua or G. eglefinus, on the seventeenth to the twentieth day, 
show the same simple structure almost unchanged—the cuticular layer or nucleated chordal 


* Comp. Anat., Lond. 1878, fig. 221b, p. 427. 

+ The myotomes are broken up into fibres about the ninth day (two days before hatching in P. flesus). Eight or 
ten of these fibres, in horizontal section, are seen passing across the shorter axis of the myotome, which is rectangular, 
and measures about ‘001 in. x 0018 in., the longer measurement including the columnar external stratum of cells 
lying beneath the epiblast. 
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sheath proper (cs, Pl. XI. figs. 14, 15) being very thin, and the mesoblastic perichordal 
sheath (pcs) but little increased in thickness. This latter sheath, of protovertebral 
origin, is equivalent to the skeletogenous layer of Plagiostomes, though in them it is 
greatly thickened. In this perichordal sheath an outer lamina can be made out, especially 
when the rudiments of the vertebral bodies and arehes are developed, as it forms their 
outer investment. Below the sheath and its elastica externa, a layer of cells in the sharks 
intrudes, coming, as BaLrour thought, from the outside, and forming the cartilaginous 
tube around the chordal sheath. From this intruding layer the future vertebre are 
formed, and it may be termed the inner skeletogenous layer: it is the inner half of the 
skeletogenous tube. Outside the membrana elastica externa, however, another meso- 
blastic layer is formed, viz., the outer half or outer skeletogenous layer from which the 
neural and hemal arches are developed. In the less primitive sharks, such as Mustelus, 
the Rays, and others, the inner skeletogenous layer is much reduced, and the elastica 
externa is considerably nearer the chorda than in Cestracion and Notidanus. If we 
consider the process of reduction to have affected the external portion until no outer half 
exists, we can then look upon the perichordal sheath in Teleosteans as the inner half of 
the skeletogenous layer, reduced, but still bounded by its outer limiting layer, viz., the 
membrana elastica externa (mel, Pl. XI. figs. 14,15). There is, of course, difficulty 
in separating the parts of a,sheath so thin as that surrounding the notochord in 
Teleosteans, but in a few forms, e.g., Cyclopterus, in which cartilage develops somewhat 
precociously in the vertebral column, large chondral cells appear in this external layer, 
which passes upward, and over the spinal cord as a membrana reuniens superior. The 
cells likewise ascend up each side of the cord, forming the rami of the neural arch. 
Similarly the ventral arch is developed. In many forms, however, the arches and outer 
osseous laminze of the vertebral bodies are not preceded by preformed cartilage. In such 
cases (¢.g., Gastrosteus) the osseous matter is clear, homogeneous, and brittle (PoucHET's 
‘‘ spicular substance,” KOLLIKER’s “osteoid matter”), and exactly resembles in its chitinous 
appearance the clavicular portion of the pectoral girdle, and the maxillary elements of the 
upper jaw. The presence or absence of this spicular substance seemed to KOLLIKER of 
diagnostic value for classificatory purposes, but as PoucHEt points out (No. 119, p. 274), 
both spicular substance and osteoplastic tissue may occur in the same form. POoUCcHET 
states, and seems to be the first to do so, that in some cases osteoid processes, and in 
other cases cartilage, with osteoplasts, form the superior and inferior vertebral arches. 
But whether arising as bars of regularly disposed chondroplasts, or as homogeneous 
spicular deposits, the vertebral bodies, and their projecting dorsal and ventral rami, are the 
products of the perichordal sheath, and arise within its definite limiting layer. The view 
that the main part of the sheath in Teleosteans is a thickened membrana elastica interna, 
and derived from the cells of the chorda itself, is not supported by sections, inasmuch as 
the hypoblastic notochordal sheath always remains extremely thin, and even when 
well developed, as in the Salmonoids, is still merely a single stratum of flattened cells. 
In Elasmobranchs W. MULLER recognised an elastica interna closely investing the 
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chordal sheath, and Ba.Four refers to both layers as closely adherent, though distinct, but 
the former apparently decreases in thickness, and is then difficult to see (No. 15, vol. xi. 
p. 421). From the mesoblastic perichordal sheath alone the vertebral bodies originate, 
while its outer limiting stratum (the elastica externa) gives origin to the arches. The 
neural arches precede the hemal in development; no trace, in fact, of the ventral 
processes being discernible when the neural arches project some distance dorsally. 

Of course, in a degenerate skeletogenous layer, such as the Teleostean perichordal 
sheath, the identification of the precise layers, seen more favourably in other fishes, is 
attended with much difficulty ; and one of us, in attempting to distinguish the different 
lamine, has referred to the outer layer as a “ limitans externa” (No. 122, p. 454) ; indeed, 
the opinion expressed that the existence of an “ elastica externa” in Teleosts, is a doubt- 
ful point, is supported by the fact that such a membrane does not properly exist in 
Amphibians, as well as in the Amniota. Favourable sections of Teleostean embryos, 
especially such a form as Cyclopterus, bear out, however, the above interpretation, the 
external layer being very distinct. Outside the perichordal sheath itself in post-embryonic 
stages plates of spicular substance develop. Thus in a young but mature specimen of 
Pleuronectes, the oral end of the notochord is seen to have acquired such a spicular 
sheath—formed apparently in the connective tissue outside the external limiting 
membrane—a distinct interspace separating the plate from the perichordal sheath. Four 
rami of the same chitinous substance project, one pair dorsally and one pair ventrally, 
and are well seen in sections through the otocystic region. 

Branchial System.—The head of the Teleostean embryo consists, as already indi- 
cated, of an expanded mass, chiefly neurochordal, or rather brain-tissue, and separated 
from the cortex of the yolk below by a thin layer of hypoblast (hy, Pl. III. fig. 1). The 
hypoblast forms here the roof of the sub-oral cavity, which has no floor, or rather, its floor 
is simply the periblast enveloping the yolk. Behind and below the ears a large oval area 
is apparently pushed in, resulting in the perforation of the lateral epiblast on each side of 
‘ the otocystic region, these fenestrae (poa) communicating with the primitive mouth- 
chamber within (Pl. VIII. figs. 3, 4). This opening, which may be called a primitive 
opercular opening (pom), though the true operculum is a new and later growth, is plairly 
visible in Molva vulgaris on the fourth day, along with a number of superficial irregu- 
larities, doubtless connected with the active changes going on at this point in connection 
with the branchial arches (Pl. X. fig. 6). The significance and function of this cleft 
(Spritzloch) upon each side is not readily understood, as the cesophageal lumen is not 
apparently open in front, and any perivitelline fluid which gains access to the sub-cephalic 
chamber, probably cannot find passage into the alimentary canal. Horrman, however, 
speaks of it as produced by an evagination of the cesophagus, at first below the otocyst, 
but shifting forward and opening in front of the ear (No. 69, p. 7; wide his pl. i. fig. 5, 
emb. sp., also fig. 3, on p. 7). These embryonic “Spritzlocher,” he says, are merely 
transient structures, and the interesting question is raised as to whether they may be a 
reminiscence of the outer or extra-branchial system of the Cyclostomes, of which traces 
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are observable in the Elasmobranchs. Each aperture, poa, has a strongly marked 
corrugated border or fold, which sweeps in a graceful curve round the opening, and 
passes forward beneath the otocysts (au, Pl. VIII. fig. 4), for in pelagic forms, the shifting 
of which HorrmMan speaks was not observed, and in front the fold is gradually lost. 
The opercular flap is a much later outgrowth from the tympanic region, apparently a 
fold of the integument, which protrudes, and grows backward over the gill-slits (ope, 
Pl. XI. figs. 10, 11). Below the hind-brain and otocysts, the hypoblast shows great 
increase in its cells, so that by the time the heart is defined it forms a thick supra-cardial 
plate (Pl. XI. figs. 2, 7, 8), beneath which mesoblastic cells make their way by a down- 
ward growth of the lateral cephalic masses. The sub-cephalic floor of hypoblast and 
mesoblast is limited below by a somewhat ill-defined layer of nucleated periblast (per, 
Pl. XI. fig. 8). The mesoblast thus intruding into the oral hypoblast becomes columnar, 
and forms paired rod-like masses (Pl. XI. figs. 5, 6, 7). The cells are concentrically 
arranged along the axis of the transverse bars. LEREBOULLET evidently refers to the down- 
ward growth of mesoblast, and speaks of it as a ventral lamella (7.e., splanchnopleure), out 
of which, he adds, is formed later “the maxillary and hyoidean elements, and the gill- 
supports.” While the appearance of serial mesoblastic thickenings along the floor of the 
pharynx is a marked feature in Teleosteans some days before emerging from the egg, 
their disposition and conformation are very difficult to make out. There is indeed con- 
siderable variation in the condition of the branchial region, and this is especially seen in 
newly-hatched gurnards. Usually three branchial bars are visible (Pl. VIII. fig. 8) as pale 
structureless bands, with intervening cellular tissue, and passing transversely towards the 
mesial ventral line beneath the otocysts. Batrour and Parker (No. 18) noticed in 
Lepidosteus, six days after fertilisation, two transverse streaks on either side of the hind- 
brain. From a comparison with the sturgeon they judged them to be branchial clefts, but 
in section these clefts could not be detected. In the early condition of the branchial 
system the study of sections is by no means easy. C. Voet shows, in an embryo of 
Coregonus palea, thirty-six days old, branchial vessels, but indicates no skeletal bars (vide 
No. 155, Taf. ii. fig. 58). The fact seems to be that, soon after the arches are distinctly 
formed as definite bars, a vessel, or rather a long thread-like lacuna, is formed along the 
posterior margin of each bar (Pl. XI. figs. 9, 11). Five transverse bands, some- 
times an indication of a sixth, extend later on each side across the floor of the wide and 
flattened cesophagus, from a point just behind the eye to a little distance beyond the 
otocyst, so that the floor becomes raised into a series of cross-ridges which cease in the 
middle line, and between the ridges the hypoblast is pushed so that the mesoblastic 
ridges gradually become separated by hypoblastic septa. PARKER speaks of these ridges 
as separated by the dehiscence of the thinned interspaces between them (No. 117), but 
this hardly describes the process correctly, the rib-like thickenings being more truly 
separated by the paired hypoblastic diverticula or septa, these being pushed out from the 
sides and floor of the pharynx and affecting the differentiation of the serial gill-arches. 
Dehiscence takes place, it is true, but much later, and it results in the formation of 
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actual slits, a phenomenon not seen until long after the arches are fully differentiated. 
From this protrusion of enteric hypoblast, Szepawick likened these paired pouches to 
nephridia ; indeed, he considers them homologous, the kidney-system of vertebrates never 
overlapping them, but commencing behind their posterior limits (No. 148, p. 67). The 
clefts or gill-openings are probably not formed until some time after extrusion from the 
egg, but the hypoblastic diverticula indicate their future position, and the dense meso- 
blastic masses between them form the branchial skeleton or gill-arches. The latter in 
their early condition appear as a series of rounded or subquadrate structures, when seen 
from below (Pl. VIII. fig. 5), but viewed from the side fine striations merely are observed 
passing dorso-ventrally with a slight inclination forward, these striations being the linear 
outpushings of the oral hypoblast (PI. VIII. fig. 6). The arches thus early indicated are 
not simultaneous, and LEREBOULLET observed in the embryo of Perca that they appeared 
successively from behind forward (No. 93, p. 616). The precise stage when the branchial 
clefts are open cannot be stated. There is no doubt it is very late, for long after the 
arches are clearly defined the slits are still unformed, even in so advanced an embryo as 
Gastrosteus (Pl. XI. fig. 9), in which the mouth is open, while the hypoblastic cells, hy, 
which pass down between and surround the bars, bra, still form a continuous layer. A 
fifth branchial arch can be made out, but remains rudimentary in the Gadoids and other 
forms here considered ; while anterior to the four branchial arches proper, two pairs of 
stout bars are developed at an early stage, viz., the hyoid (hy, Pl. X. figs. 2, 3; 
Pl. XIIL figs. 5, 6), and in front the mandibular (mn,—MeckEt’s cartilage). Both these 
arches undergo a more complex development than the branchial rods behind, and with 
the appearance of cartilage-cells, both are readily distinguished by their greater length 
and stoutness, as well as by their direction, both extending forward and tending rapidly 
to complete the arch on the floor of the mouth. The upper portion of the first or man- 
dibular arch becomes expanded (PI. IX. fig. 6; Pl. XIII. fig. 5); and Parker speaks of 
it as well marked in the salmon (No. 117, p. 113), splitting longitudinally into two, 
giving origin in this way to a fore part, the mandible proper, and a hind portion, the 
hyoid. In our forms the hyoid is already well developed when the division of the man- 
dibular cartilage takes place, and it would appear therefore that the posterior portion, hm, 
which is the stronger, and much expanded at its upper extremity, is really the hyo- 
mandibular, thus arising as an element separate from the hyoid, while the narrower 
anterior part, pq, also split off, becomes the palato-quadrate. Before this splitting is 
complete, the extended lower part separates as the primary lower jaw or mandible, mn, 
and its proximal part becomes enlarged (PI. IX. figs. 6, 7; Pl. X. figs. 2, 3), to afford 
an articulating surface for the two suspensory elements above, the palato-quadrate and the 
hyomandibular, which se parately articulate, the former doing so earlier than the latter, and 
more directly (Pl. IX. fig. 7). From the proximal portion of the mandible an anterior 
process grows out at a subsequent stage (Pl. IX. fig. 7), while in the angle below the 
end of the stout and broad hyomandibular, a small element, the angular, develops. The 
forward growth of the palato-quadrate cartilage must be a late phenomenon, for the pre- 
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maxille and maxille develop in advanced embryos as paired translucent rods (Pl. XI. 
fig. 20), which gracefully curve, like bars of chitin, below the eyes forward to the 
ethmoidal region, and form the sole lateral supports of the oral roof (Pl. X. fig. 1; 
Pl. XIII. fig. 7). They are essentially superficial, and lie in a thin stratum of membrane 
which stains deeply, called by Povcner “ tissue générateur,” and occupying the situation 
of PaRKER’s “ subocular bands,” though he regards them as the rudiments of the pterygo- 
palatine arch (No. 117, p. 113). The homology of these dermal maxillary rods, with the 
labial cartilages of more primitive forms, as suggested by Dr GUNTHER (No. 61, p. 90), 
is of much interest. A pair of curved bars, probably palatine elements, are also developed 
in the roof of the oral chamber at a late embryonic stage. They are irregular in thick- 
ness, slightly curved, and attenuated at the extremities (Pl. XI. fig. 18). 

When first distinguishable, the pharyngeal bars consist simply of solid mesoblastic 
thickenings passing along the lateral and ventral walls of the mouth, and more or less 
oblique in direction ; moreover, in cross-section, these thickenings are found to be paired, 
and united in the middle line, forming a roof over the pericardial chamber (PI. XI. 
figs. 1-3, 6-8). The cells assume a columnar arrangement, and constitute lamine, 
which appear as parallel superposed strata, when the bar is cut longitudinally (Pl. XI. 
fig. 9), but in a cross-section of a bar these strata are observed to be somewhat concentric 
and laminated (Pl. XI. figs. 6-8). Each rudiment of a branchial arch (fg, Pl. XI. 
figs. 6-8), when fairly defined, consists of a cylindrical mass of cells, concentrically 
arranged round the central point of the bar, and limited above by the epithelial hypoblast 
of the pharynx, and below by the pericardial hypoblast. They increase in length, and 
change from the transverse to the antero-posterior oblique position (Pl. VIII. fig. 9), the 
inner extremity of each pair of arches apparently shifting forward, so that they point 
anteriorly (Pl. X. figs. 2, 3, 5); while their upper and posterior parts, which extend 
up the lateral walls of the pharynx, have moved very slightly from their primary position. 
Neither the mandibular nor the hyoidean arches are so markedly transverse in situation as 
the branchial bars proper, and they alter very little in position as development proceeds. 
In the gurnard, three days old, at the anterior end of the hyoid arches, 7.e., where the 
copula is formed, a large boss occurs, formed chiefly by a free development of the lining 
membrane of the oral floor. This membranous expansion (really a lingual rudiment) pro-: 
jects as a large irregular elevation on the floor of the mouth, and is lifted up by the 
erratic movements of the hyoid arch, as though the operation of deglutition were being 
performed (Pl. XIV. fig. 2). Gradually the arches lose their dense indifferent appear- 
ance, and become converted into cartilage, the smgJl primary cells being broken down, 80 
that each bar consists of larger flattened elements placed transversely, and giving the 
arches a transversely striated appearance (Pl. IX. fig. 5). The flattened cells become 
hyaline, and each arch shows a single column of hyaline discs contained in a thin peri- 
chondrial membrane. The first two arches wholly assume this character, and are seen to 
be composed of these discs or chondroplasts placed one ahove the other along the 
whole length of each bar (see the figure just referred to); but in the four arches which 
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follow, only a portion undergoes this change, viz., that part of each bar nearest the 
pharyngeal cavity, z.e., throughout the entire upper part of each. The rest of the bar 
remains indifferent in structure until a tubular cavity is formed from end to end. ‘This 
tube at first is apparently single, but later is divided by a delicate septum into two tubes, 
an upper arterial and a lower venous trunk. External to and below the hemal canals 
the loose epithelial covering of the bar becomes nodulate, a double row of papille pro- 
jecting on the posterior and ventral side of each arch. The appearance of these gill- 
rudiments is thus preceded by a considerable interval by the conversion of the arches 
into cartilage, as LEREBOULLET observed in Perca (No. 93, p. 623), the same author noting 
in that species the growth of the gill-tubercles from the soft cellular membrane covering 
the gill-arches (see his plate iii. fig. 7). Moreover, he speaks of them as hollow (p. 627), 
an appearance probably due to the intrusion of mesoblast into each papilla, which is thus 
provided with a mesoblastice core and a hypoblastic epithelial covering. 

The formation of these branchial tubercles belongs, it may almost be said, to the first 
post-larval stages, and their subsequent development into the branchial fringes of, the 
adult leads beyond the present limits.* 

The further development of the early cartilages may be easily followed in a large 
chondral element such as the hyomandibular, or the massive mandible itself. The disc- 
like chondroplasts which form a single column along the entire length of the bar (PI. IX. 
fig. 5), slightly alter in form, becoming wedge-shaped when seen laterally, and lie over 
each other in an alternate manner, as though about to separate into two rows,—sometimes, 
indeed, a disc becomes thin in its median part, and divides, resulting in two wedge- 
shaped chondroplasts. Thus the original single column of chondroplasts becomes broader, 
and exhibits two or more rows (Pl. IX. fig. 7). In the mandible this change affects the 
upper or articular portion, while the anterior growing part, which continues to lengthen 
until the cartilages of each side meet at the tip of the extended oral floor, still maintains 
its simple columnar character, and consists of a single series of chondroplasts. In other 
cases, as PoucneT noted (No. 119, p. 296), the chondroplasts towards the extremities 
lose their disc-like form—becoming irregular in outline and mingling with the enveloping 
tissue—just as in the limbs of young Amphibians. In the region of the joints, as in the 
upper or articular portion of the mandible, the chondroplasts become irregular, numerous, 
and disposed round the joint conformably to the contour of the articulating element 
(Pl. IX. fig. 7). The development of a crest is due to the protrusion of similar small 
irregular chondroplasts, which grow out, row upon row, asa strong lamella. PoucnEr 
regards these new chondroplasts as not due so much to fission of existing chondro- 
plasts as to development from the nuclei, so plentiful in the perichondrium or “ tissu 
générateur” which clothes the bars (No. 119, p. 298). These nuclei he describes as 


crowded at the margin, and, as they pass inward, become separated by the intrusion of 
the hyaline matrix, 


_ * In Esow and Perca the yolk has decreased and its circulation has been almost obliterated, according to 
LEREBOULLET, when the gills are formed (No. 93, pp. 613, 627). 
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In the young cod, three weeks after hatching, the branchial system is wholly converted 
into cartilage, and forms a complex series of translucent hyaline bars, in which the four 
parts—the epi-, cerato-, hypo-, and basi-branchial pieces can be distinguished, and the 
small rod-like azygos pieces in the middle of the oral floor form the several copulee for the 
respective arches, 

In J. gurnardus, and other pelagic forms, the cartilages of the jaws apparently 
become stiff and immobile about the eighth day after hatching, and the hyoidean 
apparatus also shows no regular movements. The fish, however, by its forward jerking 
motion, drives water into the widely-open mouth, and aeration is thus easily effected, for 
the opercular opening is broad, and the operculum itself projects outward and backward, 
as a thick flap of the integument. 

The mandibular rami, mn, continue to lengthen upon each side to such a degree that 
they project much beyond the upper jaw, and a symphysis is formed at the anterior margin 
(Pl. X. figs. 1-5). No feature is more striking than this extraordinary development 
of the lower jaw, and in sickly and abnormal embryos it produces the most fantastic 
-appeare aces—the protruding mandibles frequently curving downward, so that the gape 
of the young fish is remarkably wide (Pl. XIV. fig. 2), and even in normal examples this 
extension of the floor of the mouth, and the mobility of the lingual and hyoidean struc- 
tures, increase the oral aperture very much (Pl. X. figs. 1-3, 5, 5a), and contribute 
doubtless to facilitate the capture of the minute organisms which form the earliest food 
of the young Teleostean. 

Skull.—The capsule enclosing the brain is, like the rest of the body of the embryo, 
simply a thin epiblastic layer composed of the flattened corneous stratum, and the thicker 
sensory remnant beneath. 

Between this ectodermal covering, ep, which though expanded in the form of 
a bulbous protective capsule, can scarcely be regarded as a cranium, and the brain-mass 
below, a space intervenes occupied by a transparent substance, apparently of a jelly-like 
consistency. This space, ss, filled with fluid, is inconsiderable during the earliest stages 
within the ovum (Pl. XIX. fig. 10), and even in a newly-hatched fish (ss, Pl. VIII. fig. 6), 
above the mid-brain, mb (optic vesicles), it is small, though larger in front (between the 
nasal capsules), fb, and behind, Ab (over the cerebellum and fourth ventricle); but it in- 
creases at the end of the first week (Pl. VIII. fig. 7), and during the second or third week 
after extrusion it becomes enormously enlarged, and imparts to the more advanced embryos 
avery grotesque appearance (ss, Pl. XII. figs. 2,6; Pl. XVI. figs. 1, 3, 5). Often this 
sub-epidermal enlargement abnormally develops, and embryos with the cephalic region 
remarkably swollen are not uncommon—fig. 3, Pl. XVI. being probably such an example ; 
but under ordinary conditions the enlargement is considerable, and median sensory papille 
appear in it, immediately beneath the corneous layer, with connecting nervous filaments 
passing downward, probably to the lateral sensory tract (sno, Pl. XVII. fig. 1). 

At an early stage the mesoblast of the head consists of a thin stratum chiefly aggre- 
gated between the eyes and the neurochord (mes, Pl. IV. fig. 17), while, above, the brain 
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is directly in contact with the inner surface of the epiblast. Later, however, this meso- 
blastic tissue extends and finds its way into the lateral sinuosities of the brain-surface, 
and it passes upward as a thin membrane composed of much flattened cells, which 
finally more or less completely invests the brain. The relation of the two is very 
intimate, and probably the pia mater is at this time separated, though any differentiation 
into distinct strata cannot be made out in the membranous investment (mes, Pl. IV. 
figs. 14,21). From this layer, however, the three membranes—dura mater, arachnoid, and 
pia mater—are ultimately differentiated. On its inner surface pigment rapidly develops, 
as early, indeed, as the fourth day after fertilisation in some forms (p, Pl. IV. fig. 13). 
We have thus a double covering over the brain, for to the simple ectodermal layer (ep, 
fig. 14), which primarily covers the neurula, there is added a thickened mesoblastic 
membrane (mes), constituting the primitive membranous cranium (Pl. IV. fig. 21; 
Pl. XXIII. figs. 1, 2, 3a; Pl. XXIV. figs. 3, 5,6). Meanwhile changes are proceeding 
at the base of the brain, and whereas it at first lay almost directly upon the yolk 
(Pl. IV. figs. 3, 4), separated only by a thin layer of hypoblast (hy), it now rests 
upon a floor of mesoblast (Pl. IV. fig. 21). This mesoblast is apparently an exten- 
sion forward of the pectoral mesoblast, which pushes anteriorly as the notochord advances, 
and when the latter finally terminates beneath the mid-brain, a plate of intruding meso- 
blast is seen extending upon each side of it and passing as a thin sheet beneath the fore- 
brain. 

At the fore end of the notochord quite a dense plate is formed (Pl. XI. fig. 2), and 
a thickened continuation of this mesoblast passes beneath the eyes, forming a projecting 
ridge of epiblast with a core of mesoblast (Pl. XI. figs. 2, 3), which is doubtless 
PaRKER’s “ sub-ocular band” (No. 117; p. 119). These two ridges form on each side a 
lateral flap or curtain, and the head is thus raised slightly from proximity to the yolk. 
As already pointed out, before an actual oral slit appears, an oral cavity exists whose 
roof slopes considerably on each side, and meeting in the middle line forms a highly 
arched chamber. A section through this acutely angular cavity in the region of 
the posterior prosencephalon (thalamencephalon) shows the apex, so to speak, marked 
by a small and solid mass of cells, a cylindrical rod in fact, which in sections further 
forward is found to flatten out in the form of a bilobed plate, strongly suggesting the 
union and depression of two cylinders of cells. We see then at this early stage, about 
the time of hatching, that the base of the brain is strengthened by two parachordal masses, 
which lie on each side of the notochord at its oral end, e.g., in the section of Anarrhichas 


(Pl. XXIV. fig. 3), and form a dense basilar plate, while further forward the flattened 
parachordals cease, and in their place two thin cylinders, the trabecule, can be dis- 


tinguished (Pl. XXIV. figs. 5, 6), which, as just pointed out, unite and form beneath the 
thalamencephalon a single rod.* This rod again expands beneath and in front of the 


+ The early appearance of the trabeculz is noteworthy when connected with the early development of the neural 
arches in the trunk. PAaRrKER’s view that the trabecule are ventral arches of the vertebral column, serially followed 


behind by the branchial arches, has been much disputed, and the early appearance of the neural arches of the vertebral — 


column is opposed to PARKER'S view. | 
VOL. XXXV. PART III. (NO. 19). 6 D 
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fore-brain, to terminate in a pair of large flattened lateral horns, and an internasal plate 
centrally (Pl. XI. fig. 11). These early skeletal structures are the first indications of the 
cartilaginous cranium, but as yet they are formed of closely-aggregated cells, which 
stain deeply, and on account of their density are readily distinguished from the adjacent 
mesoblastic cells out of which they have been differentiated. Whether their cells break . 
down or not is difficult to make out, but they undoubtedly become antero-posteriorly 
flattened, and in cross-section the rods under consideration begin to assume a more trans- 
lucent appearance, due to the discoidal character of the constituent cells. Within a week 
or ten days after hatching, these elements are converted into clear boldly-marked nucleated 
cartilage-cells. The large parachordals as they become cartilaginous extend outward, and 
meet to coalesce with the dense cartilaginous floor of the auditory capsules (Pl. VI. 
fig. 9; Pl. XXIII. fig. 2). The trabecule between the eyes contract, and approach the 
base of the brain in the region near the infundibulum—becoming very narrow as the 
roof of the brain expands. Further forward the trabecule, however, spread out, forming 
a large anterior plate of cartilage, slightly thinner medially, and more thickened later- 
ally, z.e., in the portion forming the cornu (Pl. XI. fig. 11). 

While cartilage thus abundantly develops in the skull, no trace of it is seen in the 
axial skeleton of the trunk—metameric aggregations of mesoblastic cells (PoucHEt’s “tissu 
générateur”) alone indicating the points along the notochord where the future vertebre 
will be formed. During this time also cartilage appears in the form of four small plates 
around each eye, all with a concave surface towards that organ, and formed of large 
cartilage-cells placed over the summit of the eye—beneath and on the anterior and 
posterior surfaces. Whether the first or supraorbital cartilage expands later to form the 
tegmen cranii, and the second to form suborbital elements, while of the remaining two 
one becomes the lachrymal, and the other or postorbital becomes alisphenoid and post- 
frontal, though probable, could not be determined from an embryo in the second or third 
week after hatching. About the middle of the third week, indeed, four series of cartilages 
may be distinguished—(1) the posterior basal, (2) the posterior lateral (auditory), (3) the 
anterior lateral (optic), and (4) the anterior basal. 

The first named constitutes the basis cranii proper (parachordal and occipital elements); 
the second includes a basal auditory plate (Pl. VI. figs. 9, 10), very dense and 
massive, and affording an outer articular surface for the hyomandibular (hm), and 
probably consisting of opisthotic and pro-otic elements, as yet undifferentiated. Above 
the ear a small aggregation of cartilage-cells (epot, Pl. VI. fig. 3) occurs, from which the 
epiotic and supra-occipital are probably formed, while the third series are in a condition 
too early to identify, and are best regarded simply as circumorbital cartilages developed 
at four separate centres on the surface of the sclerotic membrane. The fourth and last 
series occurring at this stage are the trabecule, with their expanded internasal element 
and the curved lateral cornua. Into the theoretical question of the significance of these 
paired basal bars it is here unnecessary to enter. 

Of the further changes in the skull and facial elements little can be said, as at the end 
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of the first month the young embryo shows little further modification. The development 
of translucent spicular plates upon the surface of the more exposed bones, especially of the 
face, is a noteworthy feature in the young fish, but belongs to the post-larval period. 
It may be noted, however, that these homogeneous spicular plates are not solely of 
dermal origin—in fact, they develop as a thin outer layer of the true cartilaginous 
elements, and arise within the nucleated perichondrium. 

The connective-tissue septa of certain muscles which are much used, become changed 
into thin rods of clear spicular substance, a median rod, for example, passing up beneath 
the pericardial cavity, and forming a fulcrum for the retractor hyoidei muscles. A similar 
bar occurs also between the genio-hyoidei. | 

Brain.—The anterior enlarged portion of the neurochord, of which frequent mention 
has already been made, is really the brain. It extends the whole depth of the fore-region 
of the embryo, forming a somewhat rhomboidal mass, rounded above, deeply carinate 
below, and arched over by the epiblastic integument, while it is limited ventrally by the 
hypoblast (Pl. IV. figs. 3, 4). The growth of the large optic vesicles, as two massive 
ellipsoidal bodies (op, Pl. IV. figs. 14, 16), protruding laterally from this region, is an 
early and notable feature; but the details will be considered later, with the sensory organs. 
The part which becomes the mid-brain (mb, Pl. IV. figs. 16, 17) is very early distinguished 
by its greater breadth and volume from the narrower and prominent snout (/b), while the 
hind or metencephalic part (hb) gradually passes away into the neurochord (ne) of the 
trunk. No division as yet separates the encephalic from the spinal portion of the neuro- 
chord, and the former is distinguished only by its increased breadth and depth. It is 
remarkable, too, as extending fully one-third the total length of the embryo in its early 
condition. No transverse cerebral folds appear‘until about four-fifths of the yolk are 
enveloped, when a cleft, very obliquely directed, appears on each side of the post-optic 
region. An anterior portion—the united mid- and fore-brain—can now be distin- 
guished from the hind-brain (hl). The latter is, very shortly after, separated by a 
similar though less marked fold from the nervous cord (ne) behind. LEREBOULLET 
noticed this early transverse folding, which he says is due to the brain becoming doubled 
upon itself; but he erroneously supposed that the cleft first formed is the metencephalic, 
instead of the mesencephalic, and further conceived the neural tract to consist of two 
parallel tubes. These becoming folded, produce two vertical projections, which he calls 
the cerebellar lamellz (No. 93, p. 533). It is really the cerebral fold, the cerebellum 
being, as just stated, marked off slightly later. The mid-brain, lastly, is constricted off 
by an interorbital fold, so to speak, and the three regions of the brain are now defined 
(PL. IV. fig. 17). Reference has already been made to the dorsal or medullary groove ; 
but it is at this stage, when the brain is separable into cerebellum and united mid- and 
fore-brain, that this groove often appears in a very marked manner. Thus, in 7. gurnardus, 
on the fourth day, a deep median fissure may be seen—the sides of which slope at an angle 
of about 70°. Itisa temporary groove, as previously pointed out, and not apparently con- 
nected with the subsequent cerebro-spinal canal. Soon after the closure of the blastopore, 
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sometimes a little earlier, a fine cleft (mc) appears by separation of the median cells of the 
encephalon along a vertical longitudinal plane. It commences in the mid-brain, and passes 
into the fore-brain, extending almost to the anterior limits of the latter (Pl. IV. fig. 17). 
This is the first indication of the true neural canal. It passes dorsally, ceasing before 
reaching the upper surface of the brain, and ventrally, leaving below a thick tract of 
nervous cells uncleft. The early brain thus becomes incompletely divided, as Ryprr 
aptly expresses it, into “‘two flat thick plates of cells placed vertically between the eyes” 
(No. 141, p. 503). At its anterior termination the canal sends off two lateral vertical 
continuations, forming a cruciform fissure which marks off the fore-brain (fb, Pl. IV. 
fig. 17; Pl. VI fig. 6); while in the mid-brain, as the fissure ascends, it bifurcates laterally 
and horizontally, so that the lumen of the mesencephalon, in cross section, is T-shaped 
(Pl. IV. fig. 21), the roof being thinner than the walls and floor, which are very dense, a 
feature better seen in sections of Anarrhichas (Pl. XXIV. figs. 3, 6). No continuity of the 
central canal with the lumina of the optic vesicles seems to be completely established, and 
certainly no trace of such a connection is observed in sections at this stage. The canal 
now rapidly extends posteriorly into the trunk, and as it does so vertical lateral cavities 
are sent off, one pair in front of the cerebral fold, forming the optic ventricle or Jter 
a tertio ad quartum ventriculum, and a second pair, constituting the fourth ventricle, 
immediately posterior to the cerebellar fold (cb, Pl. VI. fig. 6). The most notable 
feature at this early stage is the continued lateral extension of the mesencephalon (mb), 
and its progress backward over the metencephalon (cb), until it almost covers the 
latter with its two broad lobes, which continue to increase in breadth (compare figs. 5 
and 7, Pl. VL). Between the eyes we have, therefore, a prominent inesencephalic 
dome formed of two halves, narrower in front, but broad and overlapping the narrower 
posterior fore-brain (thalamencephalon) and the base of the mid-brain. Several days 
before hatching this extension of the mid-brain takes place, the T-shaped chamber 
(optic ventricle) increasing in its upper portion and its lateral regions until the roof 
above exhibits a considerable decrease in thickness and a marked columnar dis) sition 
of its cells. 

An embryo before hatching usually shows such a development of the mid-brain as 
above described (vide Pl. XIV. figs. 1, 2), and the brain-mass as a whole exhibits that 
separation and arrangement of its parts which permanently remain in Teleosteans. The 
mesencephalon embraces the largest extent of the brain, and by its prominence above 
imparts that rounded bulbous form to the head which is so characteristic of the young 
fish (Pl. VI. fig. 7; Pl. VIII. figs. 6, 7, 10; Pl. XIII. - figs. 1, 5, 6; PL XIV. 
figs. 2, 4). Thus the medulla oblongata (mo), with the anterior transverse fold or 
cerebellum, forms a hind-brain plate of triangular shape, the mid-brain (mb) constitutes 
a similar triangular mass, and both have their broader sides or bases towards each other 
(Pl. VI. fig. 6), just as Kuprrer describes in Clupea (No. 87, p..220). The cerebellum is 
almost entirely covered by the posterior enlargements of the optic lobes (op, Pl. VI. 
fig. 7), but it protrudes distinctly as a thickened ridge passing across the front end of 
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the fourth ventricle. A very thin roof continues from the cerebellum and covers the 
medulla oblongata, whose triangular floor is becoming better defined and dorso-ventrally 
deeper. Laterally the cerebellum (cb) does not break continuity with the double fold of 
the mesencephalon (mb), of which, indeed, it appears to be merely a thickened posterior 
portion or third fold (Pl. VI. figs. 5, 6). This fact has led many anatomists to deny to 
this fold the name of cerebellum. MM. Puitipravux and VULPIAN regard it as merely a 
third lobe of the optic mass, and they, with many others who follow WEBER (Anatomia 
comparata nervi sympathicr, Leipzig, 1817), regard the two swellings passing along each 
side of the medulla oblongata, and composed of grey vesicular matter, as the cerebellum. 
MM. Puitreraux and VULPIAN emphasise the view that the cerebellum consists of the 
two hollow lateral masses which flank that part of the optic mass usually called cerebellum 
(No. 118, p. 171). More recently MrxiucHo-Mac ay has urged a similar view regarding 
the Elasmobranch brain, and he interprets the prominent anterior portions of the corpora 
restiformia as the true cerebellum. Beneath the cerebellum the medulla continues 
forward and merges in the basal region of the thalamencephalon, and even in this 
early condition distinctly turns upward, the curvature becoming marked somewhat later 
(Pl. XXIV. figs. 1, 2). RyprEr states that in Alosa this upward bend is not indicated 
(No. 141, p. 504), but it is probably a notable feature in most Teleosteans. Donn, for 
instance, indicates it in Belone and the Lophobranchs, and the result of it is that the fore- 
brain is brought down below the front termination of the medulla oblongata, and a false 
cranial flexure is thus effected. The actual relations, in regard to position, of the brain- 
vesicles to, say the notochord, are not altered, nor does the head-region externally 
present a marked flexure downward (Pl. XIII. figs. 1, 5); yet a longitudinal section 
through the brain shows, as in the section of Anarrhichas (Pl. XXIV. fig. 2), the 
mesencephalon raised up, while the prosencephalic region bends down. If we follow 
the course of the medullary canal, we find in front of the cerebellum a marked 
ascent—the hollow optic lobes occupying a much higher plane than the thalamen- 
cephalon and the hemispheres, and the result is that, without the remarkable shifting 
forward of the parts of the brain seen in the chick, the prosencephalon comes to 
lie on the ventral side of the medulla and cerebellum. This modified flexure, which is 
not comparable to the true and extensive bending down of the prosencephalon, e.g., of 
Elasmobranchs, has this simple explanation, that without any very obvious displacement 
of the other parts of the brain, the floor of the myelencephalon and metencephalon are 
flexed upward, and, as a consequence, the mesencephalon is raised, and the thalamen- 
cephalon and hemispheres come to occupy a distinctly ventral position. This false 
flexure persists even after the embryo has emerged from the ovum, but with the fuller 
development of the oral region it is at a later post-larval stage corrected. 

The remarkable displacement just described does not change the external aspect of 
the embryo. The mid-brain still occupies the summit of the head—its greater pro- 
minence being due to the process of median upheaval from below, which brings the 
lateral margins of the optic lobes into proximity inferiorly with the eyes. The optic 
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lobes, as before stated, laterally overlap the basal region of the mid-brain, at an early 
_ stage; but this superposition is now considerably increased—indeed, it reaches fully to 
_ the middle lateral line behind the eyes (Pl. XXIV. fig. 3). The fore-brain still forms a 
narrow, laterally compressed mass projecting anteriorly to form the round snout or face 
of the embryo. Its bulk is less than half that of the mid-brain, and it encloses a small 
dorsal chamber (Pl. XXIV. fig. 5). The prosencephalic floor is very dense, the side 
walls less so, while the roof thins out greatly. A small fissure continued from the 
chamber above passes into and partially divides the thick floor of the fore-brain; but 
sections of this region show a condition much in contrast with the capacious hollow 
_ vesicle of the Elasmobranch fore-brain. Several folds appear on the superficial aspect of 
_ the fore-brain (Pl. VIII. fig. 6) about the time of hatching or even before: but not until 
_ the second or third day after emerging does the deep fold appear which divides the fore- 
brain into two parts, the cerebral or anterior fore-brain and the thalamencephalic or 
posterior fore-brain (Pl. VI. fig. 7). A longitudinal fold passes over the dorsal surface of 
the fore-brain (fb) before it is markedly separated into front and hind prosencephalie 
regions, and it thus becomes longitudinally bifid at an early stage (Pl. VI. fig. 6). 
No olfactory lobes proper exist as yet; indeed, as MARSHALL found in Salmonoid larve, 
these structures must be comparatively late in appearing. 

The changes which ensue when the primitive brain of three vesicles is finally divided 
into a series of five, are very complex and difficult to follow; but the main features may 
be indicated. The five parts of the brain distinguished are as follows :— 


(1) Anterior fore-brain or cerebral hemispheres, &c. (“‘ Vorder- 
Prosencephalon, hirn,” GEGENBAUR and Bakr). 
(2) Posterior fore-brain or thalami optici (“ Zwischenhirn,” Bakr). 
(3) Mid-brain, or optic lobes, &c. (Mittelhirn, Barr, Zwischenhun, 
GEGENBAUR). 
(4) Hind-brain or cerebellum (Hinterhirn, Barr, Mittelhirn, 
GEGENBAUR). 
Myelencephalon, (5) Medulla oblongata (Nachhirn, GecENBAUR). 


Mesencephalon, 


Metencephalon, 


From the fourth ventricle a narrow fissure, the aqueductus Sylvii, leads into the third. 
The base of the latter partly overlies, and partly abuts against, the mass now separated, 
as already indicated, from the cerebral hemispheres or anterior fore-brain by a transverse 
superficial cleft (Pl. XIII. fig. 1). This posterior portion of the fore-brain is the 
thalamencephalon, and it is the part of the brain which, for the most part, overlies the 
roof of the mouth. 

Very early a portion of the hind part of the thalamencephalic floor is directed back- 
_ ward as a prolongation beneath the elevated medulla oblongata, and during its course its 

direction is slightly downward. The cells composing this encephalic diverticulum have a 
somewhat columnar arrangement, and surround a cavity continuous above with the third 
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ventricle. The structure thus formed is the hollow infundibulum (inf, Pl. XXIV. | 


fig. 1), which abuts on the roof of the oral cavity below, though the two remain © 


separate. The anterior part of this basal region gives origin to the optic nerves, which — 
will be considered under the sense-organs. A chamber, or rather a loose meshwork of | 


cells (Pl. XXIV. fig. 1), most probably hypoblastic, though possibly mesoblastic, lies 
behind the infundibulum, and into this loose mass the oral end of the notochord (no) 
pushes as it bends downward. In some sections the notochord and infundibulum are 


brought into closer contact. The elevation of the oral roof too is very distinctly marked at’ 


this time, and such probably (see Pl. XXIV. figs. 5, 6) corresponds to the curvature pro- 
duced in Elasmobranchs by the acute cranial flexure characteristic of those fishes and higher 
forms. On the summit of this arch a mass of cells appears, evidently a proliferation of 
the oral roof-cells rather than a diverticulum. This ovoid mass is the pituitary body 
(pt, Pl. XXIV. fig. 1). It lies in front of the infundibulum, and from its origin is in 
close relation to the base of the thalamencephalon. The precise origin of this body in 
these forms is difficult to make out, but its cells, as HorrmMan has clearly shown in the 
salmon and trout, are indistinguishable from the oral epithelium.* A small median 
swelling, not unlike the hypophysis in structure, lies in front of the latter—that is, behind 
and slightly under the point where the optic nerves decussate. When further advanced 
such appears to form the hypoaria or lobi inferiores—so well developed in Percoids, and 
their special ventricles in the adult communicate with the lumen of the infundibulum. 
The anterior fore-brain and the mid-brain at a very early stage so far overlap the 
intervening mass (the thalamencephalon) that only a small portion of its roof is super- 
ficially exposed (Pl. XXIV. fig. 1). This small extent of roof becomes very thin, as does 
also the roof of the anterior fore-brain, and it is much folded. In a transverse section 
through the mid-portion of the thalamencephalon before its walls have thinned out, a 
central aggregation of cells can be distinctly observed, and this soon exhibits a marked 
concentric arrangement, and become slowly pushed out as a papilliform process (Pl. VIII. 
fig. 6). A lumen develops at a later time, and it communicates with the (third) 
ventricle below. Its cells, which were rounded and not dissimilar to the adjacent cells of 
the thalamencephalic roof at this time, assume a columnar disposition, and it now forms 
that very prominent and interesting structure in young fishes—the pineal gland. The 
primary rounded or conical form is not long retained; it either becomes truncated, 1.e., 
depressed, or more or less plicated, and pressed against the thin developing arachnoid 
membrane, which alone separates it from the integument. In the salmon and trout 
Horrman gives a slightly different account of its origin. It arises, he says, as a true 
evagination, not a solid protuberance, and its lumen is continuous with a portion of the 
ventricle below distinctly marked off as a special recessus infra-pinealis (No. 69, 
pp. 100, 102). Moreover, its cells are at first epithelial in character and columnar, 


* DouRn states that the hypophysis makes its first appearance at the same time as the endodermal evaginations 
hog oral and branchial clefts. It arises as a pair of more or less distinct pouches much anterior to the paired oral 
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whereas the rounded form is only assumed later when the cells have increased in number, 

and form two or three layers (No. 69, p. 103; cf figs. 9, 12, Taf. iv.). Much later, when 

_ the absorption of the yolk is accomplished, the lumen of the epiphysis becomes obliterated, 

and it is separated off as an oval, lobed, or deeply folded solid mass of cells (No. 69, 
p. 103, Taf. iv. fig. 17). 

The spinal cord, when fairly advanced, proceeds quite to the termination of the 
notochord, but its general features call for no detailed description. Usually the terminal 
filum is very delicate and attenuated ; but at times a remarkable enlargement is observed. — 

_ This final nervous swelling was very well seen in a young embryo of Motella mustela 
(PL XV. fig. 4, ne), but in other forms it was also made out, e.g., Cottus scorpius 
(Pl. XIII. fig. 2) and Molva vulgaris (Pl. V. fig. 7). 
Auditory Organs.—The otocysts are very early differentiated—that is, about the 
_ same time that the lens of the eye is invaginated and defined (as pointed out by Kuprrer, 
No. 88), 2.¢., in many pelagic forms about the fourth to the sixth day after fertilisa- 
tion. In Salmo salar, according to Parker, the ears are pushed in from the outside 
shortly before hatching; and he refers to these “auditory involutions” as “still widely 
open” during his “first stage” (No. 117, p. 113). This description, however, is quite 
unlike the mode of formation in the Teleosteans specially referred to in this paper; and 
LEREBOULLET’S account, in the case of Hsox lucius, is certainly more in accordance with 
_ observations at St Andrews, where he says that the early ears “are two small spheres, 
_ symmetrically placed, and formed by the grouping of plastic elements, . .. . at first 
solid; but becoming hollow, and transforming into the auditory capsules” (No. 93, 
p. 529). The otocysts are, in fact, not involutions of the external epiblast, but solid 
proliferations of the sensory or neurodermal epiblast (aw, Pl. IV. figs. 4, 11, 16a). In 
_ Lepidosteus BaLrour and Parker describe the ear as originating from the under or 
, sensory layer, but as a hollow thickening, over which the epidermic layer is externally 
- continuous (No. 18); and Horrman, while he rightly speaks of this external Jayer 
as extending unbroken over the otocyst, says that the otocyst itself is formed as a 
hollow invagination of the under-layer (Grundschicht), a condition not exhibited by 
our sections of pelagic embryos. The earliest phase seems to be that of a rounded mass 
just becoming visible in the early haddock, 2.e., a solid proliferation of the sensory 
stratum (conf. Pl. IV. fig. 11, the figure referred to, with Horrman’s, No. 69, figs. 3 
and 4, Taf. i., and fig. 1, Taf. iv.), in which very soon a radial arrangement of cells can 
be made out preparatory to the formation of a lumen. The latter rapidly appears 
(au, Pl. IV. fig. 13; Pl. V. fig. 8), and is at first minute and spherical, but soon 
enlarges to form a spacious ellipsoidal chamber (aw, Pl. VI. figs. 5, 6), very obtusely 
rounded, depressed laterally, and with its inner wall abutting against the neurochord (ne), 
while on its outer side, and superiorly, it is separated from the exterior only by the 
tegumentary epiblast (ep). The walls of the otocyst are very dense when the lumen is 
small (au, Pl. IV. fig. 13), but they apparently stretch as the chamber expands, and 
_ become comparatively thin (au, Pl. V. fig. 9; Pl. VI. figs. 1, 2, 7). LEREBOULLET 
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noticed that, as the auditory vesicles elongate, “‘a mass of yellowish granules” appeared 
in them prior to the formation of the true otoliths (No. 93, p. 529). The contents of the 
otocysts seem, however, to be clear, homogeneous, and without granules in our forms, but 
usually before the end of the first week, and within twenty-four hours after the lumen 
in each is defined, two minute calcareous bodies appear on the floor, usually towards 
each extremity of the longer axis of the otocyst (oto, Pl. VI. fig. 5; Pl. XII. figs. 1-5). 
These otoliths have the appearance of two very small dense grains, and are, as Dr 
CaRPENTER remarks (No. 37), similar in character and mode of formation to the concre- 
tionary spheroids common in the urine of the horse, the integument of the shrimp, and 
other forms, It is well known that when a solution of lime-salt in gum-arabic is slowly 
decomposed, carbonate of lime is deposited in spheroidal concretions. Sometimes, as Mr 
Raney found, two of these will unite in dumb-bell form, and occasionally a number will 
unite in the form of a mulberry (No. 126, p. 19).* The walls of each otocyst are com- 
posed of columnar or rather spindle-shaped cells, and at first over much of their surface 
several layers are superposed (Pl. VI. figs. 3, 4). Subsequent changes, however, not 


only affect the thickness of the walls, and cause them to thin out, but alter their contour. | 


Moreover, being pressed in, from above, anteriorly, the otocyst (aw) when viewed from 
the side, loses its angular elliptical shape, and has more or less the outline of an oyster- 
shell (Pl. VIII. figs. 4, 6, 8, 9; also Pl. XII. figs. 1-4, 7). A ridge also appears on the 
floor, caused apparently by some of the internal nervous tissue being aggregated along 
the shorter axis of the capsule (Pl. VIII. fig. 8). In sox, about the time the cardiac 
chamber is formed, and the embryo rises erect upon the yolk, the otocysts, according 
to LEREBOULLET, become more transparent, and have a thick investment like cartilage 
(No. 93, p. 529). No such investment appears in our forms until very much later, the 
walls retaining their original cellular structure (Pl. VI. figs. 3, 4), though at certain 
points they become thickened, sensory cushions (new) being formed of large fusiform 
cells, which take a slightly radial disposition. An embryo of 7. gurnardus, six days 
after hatching, shows three such nervous aggregations provided with erect motionless 
cilia or palpocils. That situated upon the floor is by far the largest, but it may vary 
somewhat in outline as well as position. The remaining two are anterior and posterior 
(Pl. VI. fig. 2). In one specimen, viz., the example figured, a dorsal hernia (x) or 
process of the cellular wall occurred. A long trumpet-shaped tunnel (can) passed 
anteriorly and superiorly, the inner end being faintly granular and botryoidal in appear- 
ance from the irregularity of its cells. In some forms the ears become so enormously 
developed that they may nearly meet in the middle dorsal line, or may, as PARKER 
describes in Salmo, actually overlap the posterior border of the eyes (No. 117, p. 113). 
In the gunnel (aw, Pl. XIII. figs. 5-7) they are certainly very much larger at a com- 
paratively early stage than in any other form reared at St Andrews, and they may 


* A still more striking example of definite concretions in a clear fluid is that afforded by certain Annelids, e.g., 
the stylets of the Nemerteans. LEREBOULLET proved their calcareous nature in fishes ; he says—* Treated with acid, 
they effervesce and disappear. No membrane is left, or it is too thin to distinguish” (No. 93, p. 633). 
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be larger and more rapidly developed in the embryos of demersal ova than in pelagic 
forms, though in the clupeoids with both demersal and pelagic ova the spacious nature 
of the otocysts is a characteristic feature. 

It is difficult to follow the changes in the structure of the ear in the transparent 
living fish, on account of its complexity. The semicircular canals seem to be developed 
primarily from thickenings of the cellular lining of the auditory sac, like the nervous 
cushions, a soft hernia being produced which grows inward as an increasing ridge, in 
which a cavity is formed, as shown in PI. VI. fig. 10, can. Viewed from the side, at 
a later stage the semicircular canals protrude into the chamber of the otocyst as three 
short knobbed processes directed inward from the margin. The median and inferior 
canals end abruptly in the middle of the chamber. Frequently the otoliths, instead of 
lying apart, each in a depression of the auditory floor, may shift, so as to lie towards the 
same part of the otocyst, e.g., in the anterior depression, as in Pl. VI. fig. 7, and Pl. XII. 
fig. 7. At times three otoliths occur, and when two are present, as is normally the 
ease, there is usually a marked disparity in size, LEREBOULLET remarking that in 
Perca fluviatilis the posterior otolith acquires a diameter triple that of the anterior 
(No. 98, p. 632). 

In preparations very deeply stained with hematoxylin the otoliths not only show the 
usual glistening crystalline structure with radial striations (oto, Pl. VI. figs. 2, 3, 4, 9), 
but less numerous concentric striations, and a very marked dark central core surrounded 
by an external stratum, which stains more faintly (Pl. VI. fig. 11). 

A further stage in the development of the Teleostean ear is observed in the young 
flounder (Pl. XV. fig. 8), in which the disparity of the otoliths and the complex 
condition of the auditory chamber are well shown. 

Olfactory Nerves and Pits.—The olfactory pits are distinguishable on the sixth day 
or later, 2.¢e., about the time that the heart’s pulsations commence. ‘They are produced 
by a paired thickening of the sensory epiblast (ep*, P]. IV. fig. 17) in front of the upper 
part of the hemispheres. Each soon forms a flattened oval sac of slightly elongated cells 
(ol, Pl. IV. fig. 2), beyond which a small portion of the fore-brain (fb) extends (PI. IV. 
fig. 1). A depression commences from the outside, and each nasal sac becomes a cup- 
like structure, whose cells are now fusiform and radially arranged (o/, Pl. IV. fig. 17). 
The flattened corneous layer is no longer present at the two points where the pits are 
formed, and as they become deeper and the walls of each sac increase in thickness, they 
may be brought into close contact with the anterior fore-brain, upon whose front they 
seem to lie in the living embryo (Pl. VI. figs. 6, 7, 8, 10; see also Pl. XII. figs. 1, 3, 
7, and Pl. XIII. figs. 1, 3, 5, 6, 7). So small is the space at this time separating 
the sacs from the brain that it is difficult to detect the nerve-strand which connects 
them. HorrMan, however, made out the origin of the olfactory nerves as minute pro- 
liferations of the wall of the anterior fore-brain (No. 69, p. 87). This minute outgrowth, 
on reaching the nasal sac, coalesces with the proximal surface of the nasal pit. No olfactory 
lobes are at this time discernible ; indeed, MARSHALL doubts whether in the Teleosteans 
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(Salmonoids) he examined true olfactory lobes ever are formed. At any rate, he cannot — 
regard them, and justifiably so, as embryonic structures (No. 100, p. 313). The proximity | 
of the olfactory pits and the brain renders the determination of such a point in the 
minute Teleostean forms here considered very difficult; but MarsHatt’s conclusions 
admit of little question. In the Elasmobranch-embryo the olfactory lobes are not 
distinguished until almost all the features of the adult are attained (BaLFour’s stage O) 
(No. 100, wde pl. xiv. figs. 24, 33, 34), and in the chick they cannot be made out 
until the seventh day (No. 17, p. 162). There is no trace of these lobes in Rana during 
the earlier stages, according to MARSHALL, and the nerve-strand passing to the olfactory 
pit is very short. 

A similar condition is found in Teleosteans ; a solid strand of cells passes from the 
roof of the fore-brain, before it shows any trace of external division, to the pits (ol, 
Pl. IV. fig. 16), and these latter as they increase in bulk approach, as in Pl. IV. 
fig. 17, and come into such close proximity to the fore-brain (fb) that an actual 
reduction in length of the primitive nerve results, so that it is barely distinguishable 
(Pl. VI. fig. 6). The histological character of these primary olfactory strands supports 
the view that they are merely diverticula from the brain, in which organ no fibres are 
yet formed, for the first pair of nerves have a similar solid cellular structure. This 
structure MARSHALL found to be retained, when the other cranial nerves had assumed 
the fibrillar character. It is remarkable that the olfactory nerves, which are amongst 
the earliest to be given off, retain their primitive structure longest. MArsHALL could 
not make out any ganglionic enlargement (No. 100, p. 312); but Bearp in some later 
researches found that, as in Rana, a ganglion does arise in connection with the epiblastic 
thickening forming the pit, and that the olfactory nerve itself is also split off from 
the skin (vide his figs. of Rana and Rhodeus amarus, figs. 3 and 4, pl. viii. No. 22). 
The dorsal position of the nasal pits is interesting, as in the Elasmobranchii and Aves 
these structures are on the under side of the head. The nerves shift down from their 
first position, and are found to connect with the fore-brain ventrally (1, Pl. XXIV. 
fig. 4; also wide MarsHat., No. 100, pl. xiv. fig. 33). Of course in the Teleosteans this 
transference is much reduced, as the fore-brain does not grow so extensively as the hinder 
portions of the brain; but MarsHau has undoubtedly given accurately the facts of 
the early development of the first pair of nerves, which, however, HuxLEy considered 
to be developed late, and to have but one paired connection with the brain, and that a 
ventral connection (No. 74, p. 71). This ventral origin is secondary, and comparatively 
late, but it is very much later before the basal swellings known as the olfactory lobes 
are clearly indicated (Pl. XXIV. fig. 4). 

In the early forms treated of in this section the division of the original single nasal 
opening into two was not followed. It is readily observed in the wolf-fish (Anarrhichas) * 
and in the young flounder (Pl. XV. fig. 8). 

Optic Nerves and Vesicles.—One of the earliest features in the development of the 

* Vide section xiii. p. 254. 
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Teleostean embryo, as already noted, is the enormous development of the anterior 
cephalic region, which is chiefly due to the protrusion of two rounded lateral masses from 
the sides of the narrow fore-brain (Pl. V. fig. 1, op), and not, as LEREBOULLET stated, 
from the walls of the mid-brain (No. 93, p. 522). The pair of massive bulbs thus 
formed are rapidly defined as the ellipsoidal optic vesicles, the first of the sensory 
organs to appear. In section (Pl. IV. fig. 16) the cells of the neurochord, at a point 
midway between the dorsa] and the ventral surface, actively push their way outward, 
and pass for the most part upward, so that a pair of stalked vesicles are formed, lying 
against the sides of the fore-brain—not quite upright, but placed at an angle which 
brings the lower and smaller lobe in proximity, while the upper and much larger lobe is 
pushed away from the brain (Pl. IV. fig. 3). Sections clearly demonstrate the abundant 
protrusion of cells to form the optic bulbs, which Kinestey and Conn regard as formed 
in the main by a constriction or fissure commencing above and behind the lateral 
enlargement, and progressing forward and downward (No. 78, p. 207), but the constriction 
which they carefully describe is preceded by a very apparent bulbous outgrowth. These 
protruded cells are indistinguishable in size or contour from the neurochordal cells which 
gave them origin, but the outer limiting layer of cells assumes a columnar disposition, as 
also does a double plate of cells along the median dorso-ventral plane. This latter feature 
has been referred to (No. 122, p. 452) as a radial disposition of the central cells and 
‘‘as though about to dehisce along a central vertical plane in order to form a median 
chamber, longitudinally placed ;” but a chamber converting the solid optic proliferations 
into capacious hollow vesicles, such as the early condition of these structures is generally 
described, is never completed—a very narrow fissure being all that is usually formed, and 
even this may at times fail to be developed before the invagination of epiblast presses 
the outer layer against the inner layer of the primitive optic vesicle. Rypgr describes 
and figures the narrow fissure referred to (No. 141, p. 499, pl. v. figs. 26, 27); and 
in section (Pl. IV. fig. 17) it is plainly seen asa slit in the midst of the optic vesicle. 
This separation of the median cells is interesting, for, though the Teleostean eye is not 
pushed out as a chambered sac from a hollow brain-vesicle, as is the primitive mode of 
origin, it secondarily acquires a trace of this vesicular condition. In the living embryo 
it rarely presents more than the character of a delicate median line or slit in the optic 
bulb (Pl. V. fig. 1). Pl. IV. fig. 3, shows the first indication of this slit-like lumen, 
which can be traced along the short thick stalk into the fore-brain, where it is lost. In 
horizontal section we see that while the cells—pushed out to form the optic vesicle—in the 
main pass upward, they also extend posteriorly, carrying the vesicle some distance behind 
its pedicel or point of origin: the optic vesicles on their appearance are thus defined 
most distinctly behind. Each vesicle, in fact, forms a depressed pyriform body, 
which by its smaller end remains attached to the brain, while the swollen upper 
portion extends dorsally, backward and distally (Pl. IV. fig. 16). Scnenx, who first 
gave a full account in his well-known researches on the eye of fishes (No. 143), seems 
not to have recognised the fact that the eye and the entire central nervous system in 
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these forms is primarily solid and without a lumen. Kuprrer appears to have been the 
first to describe the true condition (No. 88). 

It is important to notice that the nerves—that is, the stalks of the optic vesicles—arise 
at a different level from the olfactory and other nerves, a fact inconsistent with the 
derivation of the nerves from a ridge or “sinnesplate,” such as GérTE and others 
distinguish. A dorsal stratum of neurochordal cells may perhaps be regarded as a 
neural crest from which the posterior nerves spring, but such a crest does not pass 
further forward than the hind-brain ; the first and second pair of cranial nerves, as will be 
seen, arise, the one primarily as dorsal and the other as lateral median evaginations of the 
prosencephalon. In pushing backward the optic vesicles shut off a thin stratum probably 
of mesoblast which later forms an enveloping cup, and gives origin to some important 
structures in the developing eye. This mesoblast (mes, Pl. IV. fig. 17) is probably a 
forward growth from the tiin plate of the same layer in the otocystic region (Pl. IV. 
figs. 16, 17). Meanwhile, the short, thick connecting stalk becomes constricted, and 
the vesicle itself alters both in form and position. Viewed from the side, the latter 
is now almost perfectly elliptical (op., Pl. XXII. fig. 12), and is nearly perpendicular in 
position, z.e., parallel to the vertical axial plane of the embryo (Pl. V. figs. 3, 10). 
The columnar cells along the central vertical plane of each vesicle (Pl. IV. fig. 3) 
separate sufficiently to mark a slight but distinct fissure (Pl. IV. fig. 17; Pl. V. 
fig. 1). This fissure persists when the optic vesicles have altered their position, so that they 
lean by their upper portion against the neurochord, and this median chamber, instead of 
passing upward, outward, and posteriorly, as when first indicated (Pl. V. fig. 1), now 
passes downward and outward (op, Pl. IV. fig. 14). As already indicated, the pyriform 
outline is almost wholly lost, the optic vesicles lying obliquely against the fore and mid- 
brain—as elliptical bodies laterally flattened, and traversed by a vertical lumen longi- 
tudinally separating each into an inner and an outer half, the latter layer being very 
much thicker than the inner half (Pl. IV. fig. 17). This condition does not remain long. 
Before the end of the day these “ primitive optic vesicles ” become indented by the pressure 
of the epiblast lying external to them, the deeper layer of which becomes rapidly thickened 
so as to form in section (PI. IV. fig. 17) an almond-shaped mass on each side, pressing upon 
the central region of each optic vesicle (op), which gradually becomes cup-shaped, the hollow 
of the cup being occupied by the thickened mass of epiblast, which forms a dense spherical 
body, the lens (/, Pl. IV. fig. 14). The optic cup or secondary optic vesicle becomes thinner 
marginally, and this portion creeps round to the outer side of the lens (Pl. IV. fig. 21), 
forming a circular lip around it, which is incomplete on the lower side. This gap, the 
choroidal fissure, is very distinctly seen at this stage (ch, Pl. VIII. figs. 6, 7, 8; Pl. 
IX. figs. 1, 3; Pl. XII. figs. 1, 2), and it persists for some time (Pl. XVI. fig. 1). 

The mesoblastic cells, which were included as a thin plate between the optic 
vesicle and the brain (mes, Pl. IV. fig. 17), have spread over the former as an outer 
layer (Pl. IV. fig. 21), and pushed their way through the choroidal fissure into the 
interior chamber of the eye, as is seen in section (Pl. IV. fig. 20). A similar horizontal 
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section, at a lower plane (Pl. IV. fig. 19), shows the fissure disappearing. These intruding 
mesoblastic cells (mes) appear to become packed between the lens and the retinal surface 
of the optic cup, and doubtless break down to constitute the vitreous humour of the adult 
eye, forming also, as some observers think, the “capsula hyaloidea,” in which a rich 
vascular network afterwards develops. The differentiation of the cellular optic vesicle 
into its various layers has already taken place before the embryo has emerged from the 
ovum. The formation of these layers can, however, only be very briefly touched upon.* 
We have seen that the eye, soon after its appearance as a solid bulbous protrusion 
(op, Pl. IV. fig. 16), separates by a slight fissure into two layers, constituting the primary 
vesicle (Pl. IV. fig. 17). With the obliteration of the lumen, the two layers become 
closely apposed, and the eye consists of a thick-walled cup of undifferentiated cells 
(Pl. IV. figs. 14, 21), whose chamber—the lumen of the secondary vesicle—is closed 
in front by the growing lens (/). An investing layer of mesoblast (mes) forms the 
sclerotico-choroidal sheath, absent, however, from the front of the eye. As the time for 
extrusion approaches, scattered pigment-spots occur outside the optic vesicle and in the 
external investment. These spots are unbranched amorphous particles, sparsely 
distributed as an irregular pigment-layer over the whole surface of the optic cup, save 
in front of the aperture of the pupil (Pl. XIV. fig. 1; Pl. XVII. fig. 10). On each 
side of the lens they are densely aggregated (Pl. V. fig. 6; Pl. XVI. fig. 8). The 
outermost layer of the cellular vesicle, 2.e., the stratum of cells internal to the layer of 
pigment, assumes a marked columnar character (Pl. XI. figs. 6-8)—bold striz passing 
across it, and dividing it into wedge-shaped radiate masses as indicated in Pl. XXIII. fig. 3a. 
_ At the same time the cells within, constituting the main bulk of the vesicle, separate, 
though somewhat obscurely, into two layers of great and almost equal thickness—the inner 
layer being slightly thicker (in section) than the outer. The line of separation is delicate 
and indistinct at first, but subsequently develops into a fine molecular band—the prominent 
internal molecular layer. The inner surface of the columnar stratum shows a delicate 
membrane, possibly the posterior or membrana limitans externa (“limitans interna” of 
HorrMan, No. 69, p. 50).t From the outer stratum consisting of columnar elements 
the rods and cones are developed, while the two thick inner laycrs with their intervening 
lamina give rise to the other layers of the retina. Such is the condition of the six 
layers of the retina shortly before the time of hatching in pelagic forms, e.g., the cod and the 
haddock. In other forms, chiefly demersal, which reach a somewhat advanced embryonic 
stage while within the ovum, the eye attains a much further degree of development. 
A haddock, on the second or third day after extrusion, shows additional changes, the 
second layer being better marked, as is also the inner molecular layer, though both 
are still very thin lamine. The columnar character of the bacillar stratum is still more 


* The minute description of the development of the Teleosteaa eye is in the able hands of Dr Marcus Gunn, one 
of the surgeons at Moorfields. 


+ This layer Dr Gunn has identified as the “external molecular layer”—a “thin dark finely granular line ;” 


and should this be so, then the “imitans externa” must be developed at a much later stage, as Dr Gunn states.— Vide 
Ann. Nat. Hist., Sept. 1888, p. 268, 
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distinct. During the first week after hatching, the internal molecular layer undergoes 
great development, and rapidly becomes a thick and bold stratum separating the external 
granular layer from the internal granular layer. The external molecular stratum is 
slowly differentiated on the inner surface of the columnar layer, while the inner 
granular layer shows, though very obscurely, a separation into an inner and an outer 
portion. The pigment of the choroid is much more abundant than before, and in the 
living embryo gives to the eyes a dense appearance, so that the minute transparent 
fish can usually be discerned in the tanks of the laboratory by the two large dark eyes, 
which form a most prominent feature (Pl. XVI. figs. 3,6,7,* 9; Pl. XVIII. figs. 1,2). The 
structure of the retina exhibits little further change during the later larval stages, but in 
the post-larval conditions other features appear, which need not be noticed in detail by 
us, as Dr Marcus Gunn has specially occupied himself with this subject. Thus in a 
young flounder, still transparent and colourless, the pigment-layer is greatly increased in 
thickness, and it sends prolongations into the bacillary layer. The cylindrical rods 
form a very distinct stratum, while the flask-shaped cones are well defined, and present 
a contrast to the corresponding layer in Amphibians, which have a very insignificant 
stratum of cones. Indeed, as Max ScHULTZE pointed out, this layer in Teleosteans recalls 
the condition in the Mammalian retina (No. 144, wde sect. iv. of his paper). The 
double disposition (twin-cones) in the adult eye of osseous fishes has not yet been 
assumed, so far as can be made out. The striking coloured globules so prominently seen 
in this layer in Batrachians, birds, and some reptiles are absent, nor do they at any 
subsequent stage appear to be developed. That Teleosteans should have a layer of rods 
and cones so early and so well developed, whereas in Selachians (and cartilaginous fishes 
generally, it is said) no cones can be made out, is a remarkable circumstance. Bats, 
hedgehogs, and other nocturnal forms amongst Mammals, are destitute of cones. 

The limitans externa in the post-larval stages is a very delicate lamina; but it is 
well defined. The external granular stratum now consists of several layers of large 
cells separated from the inner granular layer by a comparatively broad external mole- 
cular layer. | 

The inner granular layer itself HorrmMan separates into three portions—an outer thin 
stratum of “tangentiale Fulcrumzellen,” a “‘ medialer Theil der inneren Kornerschicht,” 
and a “lateraler Theil” of the same layer. In the flounder, as well as in such forms as 
Cottus and Cyclopterus, only the outer “tangential ” cells can be distinguished from the 
remaining elements of the inner granular layer, which form a very thick band. Internal 
to the last-named layer is the internal molecular stratum, anterior to which the 
ganglionic layer can be distinguished. The internal molecular layer HULKE describes as 
including a large quantity of connective tissue, in the midst of the fibres of which are 
large branched corpuscles of very considerable dimensions (No. 71, p. 247), but in com- 
paratively late post-larval stages no trace of these structures can be made out. The 


‘i * Mr Cunnincuaw’s figure (op. cit., pl. vi. fig. 4) appears to be, as he supposes, this species, viz. Liparis 
ontagut. 
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ganglionic layer is composed of large cells, which form a remarkably broad layer—quite 
unlike the narrow ganglionic stratum in the Salmonide. Anteriorly it is defined by the 
fibres of the optic nerve, and the limitans interna (Horrman’s “limitans externa”) or 
anterior limiting membrane, which forms the lining of the optic globe. Some observers 
look upon this membrane as the hyaloid capsule of the vitreous humour; Hovtkg, 
however, regards it as a separate membrane, and such it would appear to be, since it 
precedes the formation of the vitreous fluid by a long interval (vide No. 71, p. 248). 
An anterior annulus, the lip of the secondary optic vesicle or cup, remains unaffected 
by these histological changes, and a mass of indifferent cells fills up the interspace between 
the retina proper and the circular curtain—the extension of the choroid in front of the 
eye. These cells are in fact involved in the formation of the iris and ciliary ridges, the 
ciliary muscles being developed from the mesoblast (mes) entering by the choroidal fissure 
(Pl. IV. figs. 19, 20). Even in the later larval stages this complex anterior annulus, 
formed of the cells just mentioned, and the pigmented choroid which grows round to 
enclose a circular opening in front of the eye—the pupil, constitutes a brilliantly 
opalescent iris, which adds to the remarkable appearance of the minute transparent 
larva (Pl. XVI. figs. 3,7, 9; Pl. XVIII. fig. 11). 

Cranial Nerves.—The optic, olfactory, and auditory nerves are treated elsewhere, and 
in this place only the larger and more important nerve-origins will be referred to, the 
Teleostean embryo being little favourable for tracing the development of the smaller 
cranial nerves, such as III., [V., and VI. The trigeminal (V.) is large, and readily made 
out. In Elasmobranchs it arises as two lateral outgrowths from a median dorsal ridge at 
the anterior end of the hind-brain. Ata late embryonic stage this nerve springs from 
the upper lateral margin of the hind-brain, but so far forward that the optic lobe covers 
it at this point, and it appears to emerge from the overlapping lobes at a point imme- 
diately posterior to the eyes. This lateral position must be secondary (as MARSHALL 
suggests in the case of Scyllium), the original median dorsal position being altered by the 
rapid growth of the roof of the brain, so that the origins of this pair of nerves become 
further and further separated, until finally they are lateral (No. 101). Just as the - 
nerve emerges it separates into several rami, the outermost being the maxillo-palatine 
branch, while a second large branch, the mandibular, passes backward a short distance in 
close contact with the side of the medulla oblongata. Each of these main rami shows, near 
its origin, a very large ganglion, the two ganglia being so close together as to appear 
like slightly separated moieties of one primary ganglionic swelling. From the ganglion of 
the maxillary nerve a small nervous branch passes forward over the orbital arch, possibly 
the abducens (VI.), though more probably it is the ramus ophthalmicus of the VIth nerve. 
Between the two main rami just mentioned a large blood-vessel passes, and a third 
ganglion appears beneath it, also apparently one of the trigeminal group, while a slender 
nerve, whose destination could not be made out, was connected with this smaller ganglion. 
A little posterior to the trigeminal the VIIth and VIIIth arise in close proximity to each 
other, the auditory being posterior and exhibiting a large ganglion. 
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It is difficult to follow the fibres of two nerves, so contiguous, to their centres in the 
brain; but fibres can be traced from the upper lateral edge of the medulla over 
a wide curve which brings them near the base of the third ventricle, or more correctly 
above the pyramids ; these must belong to the facialis ; and the auditory (VIII.) consists of 
those fibres which come out close to the surface of the medulla just below the overlapping 
posterior part of the optic lobe. These two nerves, in regard to their nuclei, thus are 
widely separated ; but where they arise from their common site on the upper margin of 
the medulla they are separable only by the fact that the fibres of the facialis pass down to 
the mandible and posterior margin of the hymandibular cartilage ; while the VIIIth nerve 
has a very short course, breaking up on the under surface of the auditory sac to supply 
at least three special sensory areas (ncu, Pl. VI. figs. 3, 4, 9, 10) in the otocystic chamber, 
and forming a prominent ganglion outside the ear before doing so. Of the glosso- 
pharyngeal nothing can be said here, but the vagus (X.) apparently arises by two complex 
roots; the first, which probably includes the fibres of the [Xth nerve, issuing from a point 
near the lateral summit of the medulla oblongata, which point is in the same transverse 
plane as the oral termination of the notochord. It passes along the side of the medulla 
and penetrates the auditory cartilage, sending twigs apparently to the four gill-arches and 
to the pharynx. The nucleus of this portion of the vagus is confined to the superficial 
swelling of the lateral ridge of the medulla. Not so with the second part of the vagus. 
Its fibres describe an arch or curve, and can be traced to the median region of the medulla 
below the floor of the fourth ventricle and above the pyramids, while part of its fibres have 
a more superficial origin. On emerging they form a very massive, prominent root, passing 
in the main through the hind part of the ear-capsule, just above the thick basilar plate 
where it is in contact with the otocyst, and forming in front of the pectoral girdle a large 
double ganglion below and to some extent internal to the ear. The section which shows 
this bifid ganglionic mass presents another ganglion, apparently the ganglion of the first 
part of the complex. This ganglion is smaller, somewhat higher, and posterior to the 
large double ganglion. The former lies on the inner side of the anterior cardinal trunk, 
below which is a slender ganglion, whence twigs can be traced to the opercular region and 
to the skin, forming, between the muscle-plates and the neurodermis, a nervous tract, 
probably the origin of the lateral line. 

The large double ganglion first named lies just above and external to the pronephric 
swelling, the intimate relation of the two structures being noteworthy. Its fibres go, 
as before said, to the pharynx and the branchial arches. From the smaller ganglion, 
described above, pharyngeal and important cardiac branches also pass. 

Lateral Sense-Organs.—Little can be added to the observations of Horrman (No. 69) 
with reference to the development of the lateral sense-organs. In a young gurnard, 
about eight days old, they are very distinctly seen in the transparent though somewhat 
corrugated and glandular integument. (Generally three or four can be made out in the 
haddock, one on the top of the head, just behind the eyes, a second situated a short distance 
behind the pectoral fin (see Pl. XVII. fig. 1), while one or two occur along the caudal trunk. 
VOL. XXXV. PART III. (NO. 19). 6F 
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They are not, however, regularly arranged, and the distal enlargement protruding from 
the integument is often absent. Thus, in the gurnard above referred to, nerve-filaments 
were observed passing across the sub-epidermal space from the trunk, and terminating in 
the skin without an enlarged sensory-organ. The external sensory-organ (Pl. VI. figs. 
8, 8a) consists of a somewhat elliptical aggregation of granular columnar cells, from which 
a number of very fine and apparently rigidly erect palpocils (plp) project. A delicate 
nerve-filament (nv) passes from it to the muscular plates (my), and so to the central 
nervous system. This filament shows a slight enlargement at its proximal end, and 
another dilatation just as it approaches the external sensory-organ. 

As noted on a previous page, large spaces (ss) filled with a clear plasma exist below 
the integument (ep), separating it widely from the trunk (Pl. XV. fig. 7), and across 
these spaces in more advanced embryos fine nervous threads pass from the myotomes to 
the skin, occasionally giving off in their course delicate secondary filaments. The nerve 
going to the cephalic sensory-organ apparently comes from a cutaneous sensory branch; 
and HorrMan states (No. 69) that the development of the ramus lateralis nervi vagi 
~ always precedes the appearance of these sensory-organs. 

No sections of the early stages show the longitudinal sensory tract called the “ lateral 
line” in fishes. There is, however, in the caudal trunk of an advanced haddock a canal 
apparently surrounded by nervous cells and mucous tissue which stains deeply (Pl. XI. 
fig. 16), but it can only be traced a short distance in the tail of the example referred to. 
As noticed elsewhere, the facial region is provided with numerous papilliform sensory 
bodies, and these are large and very noticeable in what may be called the maxillary or 
sub-prosencephalic region. They exhibit a structure similar to the lateral sensory-organs, 
and are composed of lengthened spindle-shaped cells (Pl. XXI. fig. 7, sb). 

Alimentary Canal.—In its earliest condition the alimentary tract consists merely of 
a thickened sub-embryonic layer of hypoblast, intervening between the neurochord above 
and the yolk, or rather periblastic cortex of the yolk, below. Posteriorly, when little 
more than one-third of the yolk is covered by the blastoderm, the hypoblastic cells 
beneath the embryonic axis, as already pointed out, assume a distinct columnar character 
(hy); a lumen (Ag) appears below, which is arched over by columnar hypoblast, and 
has a floor of nucleated periblast (per, Pl. IV. figs. 5b, 6). This is the first indication of 
the alimentary tube, and it forms the posterior section—the continuity of which with the 
neurenteric canal and medullary groove has been already described. From the arched 
enteric roof the notochord is differentiated. The lumen at first extends but a very 
short distance forward, and is lost in an anterior aggregation of hypoblastic cells. These 
cells, formed by the proliferation of the thin sheet of invaginated hypoblast, reach as 
far as the cardiac region, where they thin out rapidly, and form a delicate limiting 
membrane below the head (hy, Pl. IV. figs. 3, 4). As this thickened mesenteric mass 
arises, the embryo is necessarily raised from the yolk except in the cephalic region— 
the snout still lying in ciose contact with the yolk below, so that a pseudo-cranial 
flexure is produced, and a pericardial space (pd) formed beneath the otocystic region 
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At the sides of this space, z.e., beneath the eyes, the hypoblast becomes thickened 
as two lateral longitudinal ridges (Pl. IX. fig. 1; Pl. XI. fig. 1), but elsewhere in this 
region the layer forms a very thin plate (Pl. IV. fig. 21). That the roof of the primi- 
tive enteron is thus formed as a dorsal sheet of invaginated hypoblast, admits of no 
doubt. Such sections as figs. 5b, 6, and 10, Pl. IV., demonstrate this, and the ventral 
wall of the canal is formed of cells either pushed in from the side—that is, formed of true 
hypoblastic cells or aggregated as masses of protoplasm around the scattered nuclei of the 
periblast, and budded off. While the posterior portion is formed in this way, the mesen- 
teron proper appears to develop in a different manner, being formed by a multiplication 
of the invaginated (hypoblastic) cells; and a ventral and a dorsal wall are not definitely 
formed from periblastic and hypoblastic cells respectively, but doubtless periblastic cells 


contribute in some degree to build up this portion of the tract also, though in such. 


sections as figs. 13 and 14, Pl. IV., the hypoblast (Ay) is a very definite and continuous 
layer. ‘The mid and fore portions form a dense cord, in which a lumen appears later by 
the forward extension of the posterior enteric chamber, this cesophageal slit extending in the 
ling, two days old, in front of the otocystic region. At first the hind gut is open to the 
yolk below (as in Pl. IV. figs. 56, 6), but no sections show this to be true of the enteric 
tract further forward. According to HorrMan, paired involutions of hypoblast produce 
the tract which he thus holds to be open to the yolk beneath (wide No. 69a, Taf. i. fig. 3), 
but no section in pelagic forms indicates such a mode of origin of the mesenteron, and 
certainly not of its cesophageal portion. The earliest condition of the alimentary tract is 
a continuous sheet of hypoblast, thickened on each side in the oral region to form the 
lateral walls of the oral chamber. LEREBOULLET regards the alimentary canal as developed 
by a folding-in of the ‘‘ mucous layer,” though the pharyngeal section, he holds, is not 
formed till later. In his earlier researches he states that the enteric tract is possibly 
formed by “une végétation celluleuse,” such as VoeT had described as involved in the 
formation, not only of the intestinal tube, but of the liver and kidneys (No. 93, p. 538). 
Dourn believes that the oral hypoblast is a forward growth of the mesenteric mass, nor 
is there evidence to show that this is not so. At any rate, in the embryo whose optic 
vesicles are in process of formation, the hypoblast (hy, Pl. IV. figs. 4, 13, 14, 20) is a thin 
sheet—a single layer of cells for the most part over the entire ventral surface, save at the 
posterior extremity (hy, Pl. IV. fig. 10). At a somewhat later date, when the invagina- 
tion of the lenses is completed, the mesenteron is a massive cylinder, and the oral tract a 
wide flattened sheet of hypoblast formed either by proliferation of the invaginated layer, 
or by forward growth of the denser hind gut, probably a combination of both. In any 
case, LEREBOULLET’S vicw is the correct one, viz., that the pharynx is a separate and later 
formation than the mesenteron proper. By the time the walls of the otocysts have 
thinned out and their chamber has enlarged and contains the otoliths, a fine horizontal 
fissure traverses the pharynx, and a lumen thus continues from the oral to the blind anal 
end of the alimentary canal (Pl. IV. fig. 11). The cells now assume the full cubical 


columnar character characteristic of the enteric epithelium, and, at first a single layer | 
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(Pl. IV. figs. 11, 19), they increase until the enteric walls are thick, and include many 
layers of wedge-shaped cells (Pl. VII. figs. 7, 9). In P. flesus of the ninth day, (7.e., two 
days before hatching) the walls are just ‘001 inch in thickness, and the lumen in the 
middle or widest part measures in horizontal breadth slightly less. A delicate inner layer 
lines the lumen, which has a granular or mucoid appearance, but it subsequently forms a 
ciliated enteric lining. It is not more than ‘000125 inch in thickness. The lumen of 
the mid gut is large and round in transverse section (mg, Pl. VII. fig. 3), but much more 
depressed further forward. A section through the pectoral region, where the enteron is 
oval and the lumen a wide transverse fissure, shows a diminished dorso-ventral capacity, 
while in the oral region proper a mere horizontal slit extends from side to side of the 
wide and very much depressed layer of cesophageal hypoblast (Pl. XI. figs. 2-8). The 
tract is thus a closed sac (Pl. IV. fig. 12), flattened anteriorly, round and cylindrical poste- 
riorly, the mouth and anus being “ the last parts,” as LEREBOULLET said, “‘ to be formed.” 
Around this tube of hypoblastic cells the splanchnopleure (sp) grows, forming a thin © 
external sheet which pushes in below the notochord, and cuts off that structure from the 
mesenteron (Pl. VII. fig. 6). These mesoblastic cells do not become a fibrous layer for 
some time, but later they give origin to the muscles of the canal and its connective-tissue, 
while externally they give rise to the epithelial peritoneal layer. 
In the cesophageal region the course of the hypoblastic cells is extremely difficult to 
follow. They give origin to a cardiac swelling which is sub-oral and median (Ar, Pl. IV. 
fig. 13; Pl. V. fig. 8), while other cells pass into the hypoblast laterally to form the 
core of the visceral folds. During the first few days after hatching the anus is still 
undifferentiated, as LEREBOULLET found to be the case in Perca; nor is the oral cavity 
_ externally open, as the same observer also proved in Perca by experiments with various 
colouring matters (e.g., indigo), the alimentary tract being in fact a closed cylinder, con- 
sisting of a very thick inner wall of cylindrical cells (hy, Pl. IV. fig. 11), whose free 

_ rounded ends project into the cavity of the gut (fg), aud externally of a thin layer of 
flattened mesoblastic cells (sp) not yet transformed into muscular and other tissues (vide 
No. 93, p. 625). 

Many preparations show a lining apparently of cilia,* and there is thus great probability 
that the enteric tract—the cesophageal portion at least—of young Teleosteans is ciliated. 
Its walls for some time are straight and smooth, but in later stages folds and wrinkles are 
formed, the intestine especially showing a complexly folded internal surface (Pl. XIV. fig. 5; 
Pl. XVIII. figs. 1, 11). The various parts of the tract become rudely marked during the 
first week after hatching. Thus a gurnard on the thirteenth day (Pl. VII. fig. 9) shows 
very distinctly a capacious though depressed oral chamber, the floor of which is ridged by 
the branchial bars and hyoidean framework, followed by a wide cesophagus (fg), the lumen 
of which is so flattened as to be little more than a horizontal fissure in transverse section. 
From this portion the duct of the swim-bladder passes (Pl. VII. fig. 4).t The enlarged 


* Suip.ey has recently described the esophagus in Petromyzon (47th day) as ciliated (No. 150, p. 351). 


+ Vide the highly suggestive remarks of Prof. CLELAND on Teleostean pneumatic ducts—Memoirs, dc., in 
Anatomy, 1889, p. 170. 
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stomach (st) follows, and beneath its thin walls the hepatic mass lies. A fourth portion 
of the tract succeeds, viz., the pyloric section, the dense walls of which give origin to those 
remarkable diverticula, the pyloric cceca. These seem to be merely blind evaginations, and 
gradually assume a lanceolate form, as we find in young cod from } to 14 inch in length. 
Ventrally a well-marked duct passes from the liver, viz., the ductus choledochus, with 
several ramose biliary ducts. The intestinal walls are very dense, rapidly develop a glandu- 
lar character, and have a narrow oval lumen (Ag) with local enlargements, especially in the 
mid portion of the gut. Posteriorly it narrows again until the rectal region is reached, 
where a cincture or valve occurs, behind which its capacity once more enlarges (see 
also hg, fig. 8 on the same plate); it then bends downward, and narrows to form the small 
anal aperture (a) opening upon a muscular papilla. A similar condition of the intestine 
and rectum is seen in the figure of P. platessa (Pl. XIV. fig. 5). The rugose walls often 
exhibit vermicular movements, which are, however, very irregular, and involve and pro- 
duce great contortions in the alimentary tract ; thus a peristaltic motion may pass from 
the mesenteron to the rectum, narrowing its capacity as though by an embracing cincture. 

Mouth.—A. stomodeum or involution of epiblast to form the mouth is never really 
formed in pelagic Teleosteans.* The oral cavity is capacious, and the branchial frame- 
work supporting its floor and sides is fairly advanced when a fine transverse fissure is 
seen passing across the under surface of the head below the eyes (m, PI. IX. fig. 2). 
This fissure enlarges and lengthens, forming an almond-shaped opening (m, Pl. LX. 
fig. 3) across the subcephalic membrane. This is the mouth, and it is formed as a slit by 
the lumen of the buccal chamber bursting through. Its edges are jagged, and strands of 
cellular tissue often pass across from one lip to the other one or two days after the oral 
opening appears (Pl. [X. fig. 3), showing that it is an actual severance of a complete 
epiblastic membrane. There is no indication of the double origin, the coalescence of two 
lateral clefts which Dorn has described in Gobius, Belone, and Hippocampus (No. 52a) ; 
but in the ling—the species illustrated in the figures just referred to, and in other forms 
—this median transverse fissure suddenly appears, and in the course of two or three days 
widens antero-posteriorly to form a large median tubular opening.t The lips do not 
move, but the hyoid cartilages are flexible and mobile, and the floor of the mouth is thus 
raised and depressed. The mandibular cartilages rapidly grow forward, and the oral 
opening—at first ventral, transverse, and shark-like—assumes the shape found in the 
adult Teleostean, the prolongation of the mandible not only bringing forward the aperture 
of the mouth (Pl. XII. figs. 2, 6, 7), but proceeding so fast and to such a degree that the 
floor actually extends beyond the snout, and the aperture now opens from above 
(Pl. X. figs. 1, 2,3, 5, 5a). The suborbital curtains, which hang down like two mem- 
branous flaps, diminish, and become denser on account of the development in their tissue 
of maxillary bars, the chitinous character and form of which are elsewhere described. 


* PARKER describes a true stomodeum in the salmon, but probably his account of the ingrowth of epiblast to | 


form the mucous membrane of the mouth and fauces requires confirmation. 
+ Doury, on the contrary, deseribes the centre of the oral slit as still closed when the lateral portions have broken — 
through. 
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Anus.—The anus in the forms here described is not a proctodeum, as it is not 
produced by the ingrowth of the external epiblast, but is at first a lateral opening (see 
Pl. VII. figs. 12-15), which five or six days after hatching is formed by the protrusion 
of the anal section of the alimentary canal. In Molva vulgaris, early on the second day 
after emerging, the anal tract seems still to end blindly, being continued backward 
nearly in a straight line, or in some cases sending down a terminal process at right angles 
to the main axis of the canal. This terminal prolongation is carried down to the middle 
of the marginal fin, and generally on the second or third day is found to break through 
in a manner not unlike the oral opening. The rectum is thus a capacious thick-walled 
tube, sending out a narrow anal continuation consisting of a fine tube lined by a single 
layer of cubical epithelium, and it passes through the thick tenacious plasma contained in 
the space behind the urinary vesicle (Pl. VII. figs. 12, 13). This space is enclosed between 
the two epiblastic lamelle of the caudal membrane, and the anal tube curves round and 
opens laterally on the surface of the latter, some distance from the ventral margin. 
Later the membrane below the aperture becomes absorbed, the rectum assumes thicker 
walls (hg, Pl. VII. figs. 8, 9), and the usual muscular rectal portion of the alimentary 
canal is formed during the second week after emerging. The anus then opens in the 
ventral middle line, as in the adult fish. 

Inver.—Soon after the otocysts are formed the ventral wall of the mesenteron in its 
fore part shows an enlargement—“ an ovoid dilatation just before and below the early 
pectorals,” according to LEREBOULLET (No. 93, p. 584), and his description holds to a 
large degree for pelagic Teleosteans. Certainly the liver is a distinct outgrowth from 
the ventral wall of the mesenteron. Horrman has expressed the view that the liver 
originates from the yolk-periblast, and that the hepatic diverticulum is really a prolifera- 
tion of “ parablast entoderm” (No. 69a). Such sections as fig. 2, Pl. VII., do not 
support this view, for the periblast (per) is a distinct, granular layer beneath, and 
separated by a delicate stratum of hypoblast (hy) from the cells which build up the liver. 
The liver, in fact, is largely a solid proliferation of the ventral wall of the mesenteron, and 
is periblastic, or formed of “ parablast entoderm ” only in the degree that the ventral wall 
of this region is periblastic, and this we have seen at this point to be at a minimum. 
Into the early liver (/r, Pl. VII. fig. 5) a delicate canal (dc) passes, a direct prolongation 
of the enteric lumen, doubtless the ductus choledochus, LEREBOULLET noticed this 
especially when the mesenteron dilated and contracted as it does in Jater embryonic 
stages (No. 93, p. 593). In Perca, on the sixth day, the same observer describes 
numerous ramifying fissures or prolongations from this delicate canal; and the gall- 
bladder he regards also as a tubular outgrowth of the intestine. The hepatic pro- 
liferation becomes bifid, a dorsal and a sinistral ventral lobe being distinguishable. ‘The 
liver also becomes divided into small lobuli (J, Pl. VII. figs. 1-3), in the midst of which 
the spacious gall-bladder (gb) appears as a clear vesicle, limited by an epithelial wall 
of a single layer of cells. 

Swim-Bladder.—From the dorsal wall of the mesenteron (mg) the swim-bladder (sb) 
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is given off as a very thick-walled diverticulum (Pl. VII. fig. 5), which presses upwards 
against the notochord, and remains connected for some time by a fine canal (PI. VII. 
figs. 2, 4). Before the embryonic period ends, however, the duct atrophies, all the forms 
specially referred to being physoclistous. 

Heart and Circulation.—The heart is developed at a very early stage—before the 
cesophagus is formed—as a cylindrical structure (hr, Pl. IV. figs. 8, 12), in front of the 
pectoral region, 1.¢e., between the otocysts and the optic vesicles. Soon after the alimentary 
tract is defined, or, as WENCKEBACH expresses it (in the case of Belone), after the ventral 
closure of the gut, and when about twenty-four proto-vertebre are marked off, the heart has 
a vermiform shape, and is still solid. This solid condition LEREBOULLET described in Perca, 
but in Salmo and other forms the heart is stated to appear in the form of a single or 
double tube (vide Horrman, No. 69a; Batrour, No. 11, p. 637). That the heart 
develops as a single tube in the Gadoid and other forms here considered is not surprising. 
When the heart arises as two tubes it appears to be connected, as BaLrour pointed out 
(No. 15, vol. xi. p. 689), with the non-closure of the pharynx inferiorly, but. in those 
Teleosteans where the cesophageal cavity is formed later by a forward growth of the enteric 
lumen, the solid tract is really closed below, and this is the condition correlated with an 
unpaired cardiac rudiment. Its first indication in the living embryo is seen as a rounded 
projection beneath the solid cesophagus bulging out towards the subjacent periblast. 
It is a ventral outgrowth of that splanchnic mesoblast, which also forms the branchial 
arches. LEREBOULLET describes this cardiac swelling (on the seventh day in Perca) as 
having its inferior portion, the auricle, resting directly on the yolk (No. 93, p. 584; wide 
his pl. iii. fig. 13), It is a median unpaired projection, and carries down before it a 
very thin layer of hypoblast. At times this delicate stratum of hypoblast cannot be 
made out, and in P. platessa it would appear to be absent; nor can a layer of hypoblast 
be distinguished over the rest of the surface of the yolk, though such a layer is readily 
seen in other Pleuronectids, as well as in Gadoids (Pl. VIII. fig. 11). In all cases, however, 
the continuity of the rudimentary heart and the “ branchial” mesoblast above is 
maintained.* Horrman describes in Salmo two lateral folds of splanchnic mesoblast, 
which pass down beneath the pharynx, and produce by a dorsal and a ventral union a 
tubular heart (No. 69a; vide fig. 9, Taf. ii.). Before the tube is complete inferiorly, some 
intruding cells of ‘ parablastic entoderm,” z.e., periblast, form the cardiac endothelium 
(No. 69a, Taf. iii. fig. 6; Taf. iv. fig. 6). Such a process does not accord with the appear- 
ance of the heart in the living condition, for in the embryonic cod, haddock, and others 
no lumen is visible at first, as OELLACHER and Gorts also hold, and indeed after the lumen 
is formed the endothelial lining is absent (vide surface-views, Pl. VIII. figs. 3, 7; and 


* WENCKEBACH (op. cit., and Jour. Roy. Mier. Soc., February 1887) describes its first appearance as a band of meso- 
dermic cells close behind the optic vesicle on the lower surface. They arise from the indifferent mesodermic cells of the 
head which wander round the gut. The mass of cells splits to form a kind of pouch—the heart. The blood-vessels _ 
have a similar mesodermic origin. The heart opens into the segmentation-cavity, and its lumen is nothing else than 
part of the blastoceel. The blood is mesodermic in origin, he avers, neither endoderm nor free periblast, ¢.¢., nuclei, 
having any share in its formation. 
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sections, Pl. XI. figs. 2, 3), indicating that the epithelioid layer is not formed in some 
Teleosteans simultaneously with the formation of the cardiac tube, and favouring the 
view that the heart becomes tubular by dehiscence of its median cells, or, as LEREBOULLET . 
says, the linear cavity is formed partly by separation of cells and partly by absorption 
(No. 93, p. 551).* It seems probable that in different Teleosteans this organ has a 
different structure primarily, and certainly at later stages the circulatory system diverges 
in various species. Thus in the Gadoids, Pleuronectids, 7rigla, and other pelagic forms, 
no yolk-circulation is ever developed, whereas in most demersal forms a circulation upon 
the surface of the yolk is a very striking feature, and may be said to a certain extent to 
precede the heart’s action ; for TRuMAN found in Hsox that blood-corpuscles were formed 
in patches in the cortex of the yolk, constituting the “‘ islands of blood-corpuscles” which 
Genscu has described (No. 56), and that before the heart pulsates, blood actually moves 
towards that organ. At the eighty-sixth hour TRUMAN saw these moving corpuscles reach 
the heart, but it was ten or twelve hours later before the organ exhibited any motion, and 
even then no corpuscles passed into its cavity (No. 154, p. 191); so that the pulsations 
are independent of any stimulus given by the presence of blood-corpuscles within its 
chambers. Muscular twitchings, again, are often observed in the heart of the gurnard 
before the proper pulsations begin. We have already seen that the cardiac chamber is 
enlarged by the raising of the head of the embryo, and LEREBOULLET noticed that as this 
took place in Perca the heart becomes detached from the head, its anterior end following 
the retreat of the yolk, sinking slowly, while the hind end remains attached under the 
embryo. While yet a simple tube, the heart is contractile, the early pulsations, which 
commence usually one or two days after the heart is formed, being one of the most note- 
worthy features in the developing embryo, though no hzmal fluid can be made out.t At 
first the pulsations are very slow and intermittent, the intervals between the contractions 
being irregular. In an embryo, four days after fertilisation, the beats are more rapid and 
regular, averaging 48 pulsations per minute, while the rate at times is greatly increased. 
Thus Dr Truman found in sox, soon after the heart began to beat (at the ninety- 
ninth hour), they reached 104 per minute (No. 154, p. 198), but the conditions 
must have been abnormal. The rate noted by LerEBouLLET in Perca, viz., 40, 50, or 
60 times per minute, is normal (No. 93, p. 451). In a ling of the second day (Pl. XIII. 
fig. 4) the pulsations were observed to have reached the rate of 80 beats per minute. 
The endothelial lining of the heart appears as a single delicate layer of cells, very much 
flattened and loosely suspended in the cardiac chamber, apparently derived from the 
myocardium or thick contractile layer. OELLACHER regards it as developed in the trout 
from the hypoblast beneath, and his figures on Taf. iv. (No. 114) are very clear; but 
no such continuity of the endocardium with the limiting hypoblast below is shown in 


* In certain insects Parren has found that two mesodermic plates by a median longitudinal fusion form a solid 


cord (Phryganida), while in others (Blatta) it is hollow from the time of its formation, and the mesodermic folds pulsate 


_ long before they unite to form the heart (Parren, “ Develop. of Phryganids,” Quart. Jour. Micr. Sci., vol. xxiv., 1884, 


pp. 587, 597). 
+ Trawling Report, 1884. 
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sections of our forms. Certainly it is not formed, as has been suggested for the chick, 
by wandering corpuscles from the area vasculosa, which, finding access to the heart, cling 
to its walls as a loose lining, for in Teleosteans this endocardium is present before the 
heemal circulation is in action. Horrman’s figures (No. 69a, Taf. iii. fig. 9, Taf. iv. fig. 6) 
do not represent the primary condition in our forms, for the heart usually pushes down 
before it a delicate stratum of hypoblastic cells (hyp, Pl. VIII. fig. 11; Pl. XI. fig. 2) ; 
but this limiting ventral layer apparently becomes obliterated anteriorly, and the 
pericardial chamber is open to the subembryonic space, which is undoubtedly the persist- 
ing germinal cavity. The vermiform outline (A, Pl. VIII. fig. 3; Pl XII. fig. 4) soon 
undergoes modification, and the posterior end becomes expanded, while the anterior and 
upper ventricular portion remains narrow (h, Pl. XIV! fig. 1). Thus the simple cardiac 
tube becomes cone-shaped, the apex of the cone being continuous with the sub-cesophageal 
mesoblast (mes, Pl. VIII. fig. 11), while the lower anterior end is comparatively free, 
though not perfectly so, as a thin mesoblastic membrane (Pl. VIIL fig. 5) continuous 
with the free edge of the auricle separates the myocardium from the exterior, and a space 
is formed—the pericardial chamber (pd) around the heart. 

By its mode of formation as a downward growth the heart has at first a cme 
vertical position ; but with its increase in length it extends further and further forward 
beneath the head, and moreover it becomes flexed to the right (Pl. VIII. figs. 2,9). The 
anterior position of the heart at this time is quite characteristic of the early embryo. 
The before-mentioned delicate pericardial walls are involved in the rhythmic movements 
of the organ, and sway to and fro with each systole and diastole. 

The splanchnic mesoblast, out of which the heart and pericardium are formed, has 
relations similar to the splanchnopleuric prolongation in the region of the trunk proper, 
—the pericardial cavity surrounding the heart just as the coeloma encloses the abdominal 
viscera,—the view that the former is merely a part separated off from the latter by the 
posterior (pericardial) septum being strikingly supported by the condition in the 
Cyclostomes, in which an intercommunication of pericardium and body-cavity persists 
throughout life. . 

The first change in the position of the slightly curved cylindrical heart (Pl. VIII. 
fig. 5) results in its assuming an L-shaped form (as in Pl. IX. fig. 1, 4), the small arterial 
end (ventricle, ven) still occupying the median position, while the auricular end (aur) is 
turned at right angles. In the figure before referred to, the flexure is still more apparent ; 
while in fig. 3, Pl. XII., the auricle, previously directed to the front (Pl. VIII. figs. 3, 6, 8), 
is now posterior (see also P]. VIII. fig. 9), the flexure continuing to increase as development 
proceeds. Thus the relations of the auricle and ventricle are reversed, and the latter, 
which is now anterior, becomes bulbous (ven, Pl. VIII. fig. 7), and distinctly marked off 
by a constriction ; while the auricle (aw) itself is separated by a cincture into auricle 
proper and sinus venosus (sv). The blind continuation of the ventricle into the sub- 
pharyngeal mesoblast (mes, Pl. VIII. fig. 11) above is really the rudimentary bulbus 
arteriosus, so that the four parts may be distinguished, as RypER pointed out (No. 141, 
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p. 537), about or soon after the time of hatching. Occasionally one or more detached cells 
may be seen loosely suspended in the auricle, near its external opening, and they swing 
to and fro with the heart’s pulsations. No blood, as such, exists until a later stage, and 
any fluid included in the lumen of the heart and the pericardium must be non-corpus- 
culated, and its presence cannot be demonstrated. It may be doubted whether the stray 
corpuscles above referred to are blood-elements at all, for LEREBOULLET is almost certainly 
correct when he says that it is erroneous to assert that the corpuscles which first appear 
in the heart are detached from its walls: “they are different in character, and too 
coherent to become detached” (No. 93, p. 585). In our specimens these had the appearance 
of papillz on the cardiac wall. Ryprr regards the periblast as the source of the blood- 
corpuscles, in accordance with Hodrrman (Zool. Anz., 1880, p. 633); and in this view 
their connection with the so-called free nuclei around and beneath the early blastoderm 
is naturally suggested. RyprEr contends (No. 141, p. 537) that the pericardial cavity 
is really the persisting segmentation- (or more correctly, germinal) cavity, and that the 
passage of periblastic blood-elements into the heart is thus secured. It must be 
remembered, however, that the roof of the germinal cavity consists of the subembryonic 
hypoblast, a layer which stretches beyond the tip of the snout of the young fish, and 
extends as the under-stratum of the double-layered yolk-sac (ys, Pl. V. fig. 8). This 
subcephalic chamber, with its floor of periblast and roof of hypoblast, is never obliterated ; 
but though its periblastic floor does not bud off cells to form the ventral half of the 
mesenteric wall, yet its roof (ys) becomes pushed downward (vide Pl. XII. figs. 1, 3) 
until it lies below the pericardium (PI. XII. fig. 2; also see Pl. VIII. fig. 6), and is 
separated only by a narrow fissure from the periblast (per) beneath. The germinal 
cavity diminishes in a less degree laterally, and the latero-pharyngeal spaces into which 
the embryonic breathing aperture opens from without (see p. 747) are its more visible 
remnants (ss, Pl. IV. fig. 21; Pl. XI. figs. 6, 7, 8). The floor of the pericardium 
appears (vide Pl. IV. fig. 21) to be obliterated anteriorly, but even in this case 
the delicate hypoblast would seem still to separate the pericardial from the germinal 
cavity below. The absence of the limiting layer from a certain area may be explained 
also, not by obliteration, but by a different method of origin, and it is quite-possible that 
the pericardium may be a fold of mesoblast directed forward. TRUMAN, indeed, speaks 
of such a mode of development in Esox, a membranous fold being reflected from the 
under part of the head (No. 154, p. 190). 

Meanwhile the vascular canals of the trunk are in course of formation, a small arterial 
vessel (the dorsal aorta) being hollowed out of the loose trabecular tissue (really the 
intruding mesoblastic cells above the gut which are broken down) along the under side of 
the notochord (x, Pl. VII. figs. 1, 4,6; Pl. XII. fig. 8), and two venous trunks of large 
calibre are similarly formed in the lateral connective tissue just external to each head- 
kidney. In the living larva of Molva vulgaris, on the fourth day, the subnotochordal 
tissue seems to be traversed by a single large vascular channel (vn) separated by an 
interval, probably the dorsal aorta (ao), from the chorda (nc). The large channel can 
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be traced from the liver posteriorly to the caudal region, and it contains numerous large 
round corpuscles, though these do not seem to occur anterior to the liver (Pl. XV. fig. 1). 
Again the venous trunks immediately in front of the pectoral fins send prolongations 
downward, and communicate with the venous end of the heart, which at this time shows 
the broad auricle directed upward and backward, and a spacious sinus venosus (sv, 
Pl. XII. fig. 8). The large venous tube thus passing to the sinus on each side is the ductus 
Cuvieri, which, in addition to the posterior (cardinal) vein, also receives the anterior 
(jugular) trunk. Around the two anterior veins the cellular tissue of the pronephros 
grows (prn, Pl. XI. figs. 9, 11), and venous ramifications are developed in the midst of 
the renal matrix. Before the end of the first week after hatching—generally on the 
fourth or fifth day in Gadoids—a simple circulation can be detected. The anterior 
bulbous end of the heart driving the blood upwards behind the eyes—probably by the 
artery of the hyoid arch, whence it courses by the great subnotochordal trunk (dorsal 
aorta) to a point a little posterior to the root of the tail, and, passing round by a minute 
loop, returns by a large venous trunk which anteriorly divides into the two cardinals 
already mentioned. The two subnotochordal trunks with the anterior branchial artery 
constitute the simple vascular system in its earliest condition. A day or two later a 
venous branch leaves the vena vertebralis at a point about midway along the trunk— 
akove the mesenteron, and passes down to the lower side of the alimentary canal—and 
forward along the margin of the liver to the sinus venosus. This must be the 
subintestinal vein, which is, however, usually described as passing along the intestinal 
portion of the alimentary canal. Its course, however, is at this stage very short. Not 
so in the case of the intestinal artery (ccliaco-mesenteric) which leaves the dorsal 
aorta in the pectoral region, traverses the mesenteron in descending, then courses 
beneath the rectum, but ascends before reaching the anus, and passes along the anterior 
margin of the urinary vesicle to join the caudal vein. The caudal vein is lengthening 
simultaneously with the caudal artery ; thus, in a cod on the seventh day both reached 
barely a quarter the length of the caudal trunk, while on the fourteenth day they 
extended almost to the tip of the tail. The force of the arterial current seems to hollow 
out the yielding channel, and causes it to become longer, but the afferent venous trunk 
has the appearance of a somewhat irregular ill-defined sinus. During the second week 
great advances take place in the hemal circulation. LEREBOULLET noticed, in Perca 
about two weeks old, that blood was passing along two’of the gill-arches; and in the 
Gadoids and other forms described in this paper two arches likewise develop arterial 
channels. There is considerable variation in the details of this development; thus a 
haddock, on the fourteenth day after extrusion, showed arterial blood passing along 
two (apparently the anterior) branchial arches, whereas another embryo of the same 
species, on the eleventh day, showed three branchial arteries and a fourth artery, which 
runs apparently within the opercular fold, possibly, however, the hyo-opercular. The 
mandibular artery is a well-marked trunk coursing along the outer margin of the 
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mandible.* Both arteries meet in front of the symphysis, and return by a single median 
vein along the floor of the mouth. The later developments of the hemal system at a 
stage—in, say, Gadus morrhua—when the caudal artery extends along fully two-thirds 
the length of the tail, are as follow :—-Four branchial arteries can be made out, and 
a submaxillary artery passes beneath the eyes, while a return-current is directed over 
the eyes, along the supraocular vein. The coeliac artery, before described as leaving 
the aorta in the pectoral region, passes over the liver, along the ventral surface of the 
intestine, and sends an arterial branch. upward, which, bifurcating, supplies the walls of 
the intestine,—the main trunk continuing its ventral course, and ascending in front of the 
urinary vesicle,—over the walls of which it passes to the vena vertebralis. The venous 
trunks form a more complex system—the simple subintestinal loop which breaks up into 
an elaborate hepatic capillary network still continues, but it is joined by a large visceral 
trunk on the posterior side of the liver. This latter vessel leaves the caudal vein at the 
root of the tail, passes ventrally in front of the urinary vesicle and over the walls of the 
rectal portion of the intestine to the termination of the mid gut. At this point a 
large venous trunk branches off dorsally to join the posterior cardinals. Minor venous 
branches run from the walls of the stomach and pyloric portion of the intestine, forming 
the first indication of the portal system—all their blood finally passing in front of the 
liver into the sinus venosus by the hepatic veins. The liver, the dorsal lobe of which 
lies above the alimentary canal and behind the swim-bladder, is seen chiefly as a rounded 
mass (the left and ventral lobe) projecting boldly into the surface of the yolk below, and 
_lying immediately in contact with the posterior pericardial wall. The proximity of the 
liver with its rich vascular plexus, and of the large ductus Cuvieri pouring a stream into 
the capacious sinus, suggest the possibility that it is at this point that the assimilation 
| of yolk-matter is most active. It is absorbed and conveyed to the heart by the venous 
blood. The continuity of the wall, limiting the pericardial chamber (pd, Pl. VII. fig. 9), 
appears to be unbroken, and roofs over a sub-pericardial space (ss) filled with a serous plasma 
and disintegrated yolk. A suboral chamber in many cases seems also to be shut off by 
this membrane (Pl. VIII. figs. 6, 7). The heart’s pulsations partake of a progressive 
vermiform movement, the auricle, continuous with the sinus venosus, contracting first, 
and the successive parts (of the auricle) contract in order, the ventricle dilating as the last 
part of the auricle closes. As the ventricle contracts, the open end of the auricle dilates. 


The progressive systole being triple, SS 2 3 
A 
B contract 
(See accompanying diagram,) (A)—(B)—(F) dilates 
D The diastole also is threefold, and D contracts ) (A)—(B)—(C) dilate 
simultaneously with the dilatation of A, (D) contracts. 


The delicate pelagic forms chiefly considered in these pages present a great contrast to 


* Goérre is certainly incorrect, as BaLFourR pointed out (No. 11, p. 645), in —" that a mandibular artery is 
ever developed in Teleostei (No. 59). 
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the stronger and more robust Teleosteans, which are at a very early stage, often long before 
extrusion from the egg, provided with a complex vitelline circulation. In such forms as 
Salmo (Pl. XXII. figs. 4-9), Anarrhichas (Pl. XX. figs. 2, 4, 5), Gastrosteus, Cottus, 
Tiparis (Pl. XV. fig. 2), and Cyclopterus, the blood-corpuscles seem to be mainly 
derived from the nucleated particles into which the surface of the yolk becomes broken 
up, and, as already noted, TRuMAN found in Esow that hemal channels appeared upon 
the yolk, and corpuscles slowly moved towards the heart before this organ showed any 
motion. No such blood-canals are excavated in the yolk of the pelagic forms here 
treated of, indeed no yolk-circulation ever truly exists in the gurnard, cod, and allied 
forms. Nevertheless, the yolk steadily diminishes, and in embryos, fourteen to twenty 
days after hatching, it forms but a very slight projection, and at the end of the first 
month would appear to be entirely absorbed (compare fig. 5, Pl. XIX. and fig. 1, 
Pl. XVI.). The surface of the yolk, however, shows during this time rapid disintegration 
(vide Pl. VII. fig. 9), vesicles, granules, and nucleated particles appear in it (Pl. XI. 
fig. 12), and are especially noticeable around the large oleaginous spheres (Pl. XI. 
fig. 18) in those forms, such as the gurnard, ling, and others, in which these striking 
bodies occur. The protoplasmic envelope of the globule in such cases becomes richly 
provided with large nuclei showing one or more nucleoli, and similar bodies occur 
superficially over the yolk. In a young perch, eleven to fourteen days old, LEREBOULLET 
observed, just as we have noticed in the Gadoids and other forms, the dorsal aorta, formed 
by the union of the vessels of the branchial arches, sending a supply to the intestine and 
adjacent viscera, and reaching to the extremity of the tail, while of venous trunks the 
two anterior and two posterior cardinals and the subintestinal vein are common to both. 
In Perca, in addition to the above trunks—developed no doubt in all Teleostean larve, 
a complex yolk-circulation arises, and is supplied by branches from the posterior cardinals 
and from the subintestinal vein. These branches pass over the yolk as simple undulating 
lacunee formed by the separation of the substance of the yolk-cortex, and meet on the 
ventral side of the yolk in a pair of large veins, which form one large sinus, continuous 
with the sinus venosus in the pericardial chamber. LEREBOULLET says of these vitelline 
vessels, that they do not appear to have proper walls, and form an ill-defined and irregular 
network; but on the third or fourth day after hatching the hemal canals acquire definite 
wails, the network elongates, so that the main trunks show a parallel arrangement (No. 93, 
p. 601). In Perca the development of this circulation over the yolk is much more rapid 
than in Hsox, and LEREBOULLET connects this with the larger perivitelline space in Perca, 
as there is a greater need for respiration; and for this reason, he says, in that species “‘ the 
capsule is spacious, and holds so large a quantity of water” (No. 93, p. 610). The true 


explanation, however, seems to be that the more complex and rapid the circulation the © 


more speedily the bulk of the yolk is reduced, and hence a large perivitelline space is 


produced. It is remarkable, however, that in such forms as the gurnard, rockling, the | 


flat fishes, and Gadoids, in which no vitelline circulation ever develops, the yolk should 


still show a very rapid disintegration (compare Pl. XII. figs. 1 and 3, with Pl. X. | 
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figs. 1, 2, and 3, and Pl. XVII. fig. 2). This does not take place, however, to any very 
appreciable extent while the embryo is within the ovum, whereas the reduction is 
very marked in Perca (No. 93, p. 610), Cyclopterus, and similar species. After the 
embryo emerges in pelagic forms, and before any circulation of a corpusculated hemal 
fluid exists, the yolk, which is very large and prominent in the newly hatched fish, 
becomes speedily diminished. A process of absorption must be actively going on in 
these forms (e.g., cod), and the presence of a transparent plasma bathing the tissues, and 
filling the pulsating heart and lacune of the trunk, is suggested. 

The origin of the blood-corpuscles is an interesting point; but there is little 
unanimity amongst observers on this matter respecting Teleosteans, and appearances seem 
to support more than one suggested mode of origin. RypkErR, with HorrMan and others, 
as we have already said, holds “that the blood-cells are budded off directly” from the 
periblast, the nuclei of which layer by division give rise to groups of granules, the form- 
elements of the blood (No. 141, p. 543). C. Voer in 1842 distinguished a “ couche 
hematogéne” (No. 155), as did also RaTHKE and Von Bakr, their third or vascular layer 
of the blastoderm being, however, derived from the ‘lower layer” or hypoblast-cells ; 
and Van BaMBEKE, while admitting that the periblast or “intermediary layer” has not 
been proved to be this “‘ vascular layer,” appears to consider their homology very probable 
(No, 20a, p..9). Genscu’s researches support this view, the corpuscles arising from the 
layer surrounding the yolk—‘‘ Kuprrer’s secondary entoderm.” In opposition to 
KuprFer’s affirmation that the outer mesodermal yolk-sac gives origin to the corpuscles, 
Genscu found that in Esox and Zoarces viviparus no mesoblast was present in the region 
where they arose, the two-layered epiblast lying upon the granular periblast in which cells 
were imbedded. These cells give out pseudopodial processes, which are constricted off to 
form corpuscles, and these by subdivision produce blood-islands (vide No. 56). In Salmo, 
Alosa (No. 141, p. 537), Gastrosteus (No. 122, p. 494), and other forms, the phenomenon 
described by GenscH has been observed, yet it is not conclusive that the primary 
corpuscles are derived from the “ Dottersack.” That the periblast contributes to the 
nutrient hzmal fluid of the embryo there can be no question, but the point of chief 
moment is, whence are the primary corpuscles derived? As LrREBOULLET long ago 
pointed out, the heart beats for some time before corpuscles appear in its lumen ; and he 
added that the hzemal trunks too are formed, as in the gurnard, before the corpuscles 
(No. 93, p. 577). WernckEBACH, however, holds that in the process of formation the 
blood-vessels give origin to the corpuscles, so that both originate contemporaneously. 
This observer concludes that the blood-corpuscles appear to him to arise in a solid mass 
of tissue in the region where the vena vertebralis is afterwards situated,-the cells 
constituting this mass being carried away by a hemal plasma, and acquire the colour 
and character of blood-corpuscles subsequently (No. 157). The polyhedral cells which 
WENCKEBACH shows filling up the lumen of the subnotochordal vein (vide No. 157, 
pl. viii. figs. 2, 3, &c.) are also found, in section, to fill up the aortic trunk, and there 
is no reason why the derivation of these blood-cells should not be extended to all the 
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hzmal vessels. The fact, however, seems to be that the form-elements of the blood are 
for the most part derived from the periblast, the primary corpuscles alone being 
moulded apparently from the detached cells of the subnotochordal trunks. In those forms 
in which a vitelline circulation is developed, the removal of nucleated periblastic cells 
and the formation of sinuous lacune (primary hemal trunks) has been repeatedly 
observed, and may almost be taken as established. In those without such a yolk-circula- 
tion (and to them reference is in these pages chiefly made), the periblast also is seen in 
sections to break up into similar particles, and these doubtless pass into the sinus venosus, 
though in what way is not decided. Certainly the liver and alimentary canal, as well 


as the pericardial chamber itself, are, as already pointed out, in intimate relation to the _ 
periblast beneath the embryonic-trunk (PI. VII. figs. 1, 2, 6, 9; also Pl. XII. fig. 8), and 


the transmission of detached periblastic elements into the circulatory plasma may be 
accomplished without difficulty. Ryprr, in Salmo and Tylosurus, found such corpuscles 
in the pericardial chamber (No. 141, p. 537). This further consideration favours the 
latter derivation rather than the subnotochordal origin, viz., the rapid decrease in the 
volume of the yolk, even in those which have no yolk-circulation. In such forms the 
yolk protrudes as a very bulky appendage (y, Pl. XIV. fig. 1), but shortly before, and 
especially after the blood-circulation is visible, it diminishes very rapidly (y, Pl. XVII. 
fig. 1). Now, if before the hemal fluid flows through its proper channels, it were 
deriving its corpuscles from the yolk, and still more, if with the further development of 
blood-vessels in the trunk a corresponding increase in the number of corpuscles takes 
place, the rapid disappearance of the yolk is readily accounted for. It is noteworthy, 
too, that while the subnotochordal trunks are the first to be developed, the formation of 
the subintestinal vein and cceliac artery quickly follows, and as these probably communi- 
cate with hepatic lacune, the periblastic elements would find easy entrance into the vascular 
system of the embryo. ‘These nucleated cells, which make their way into the hemal 
plasma, are originally colourless, and LerEBouLtet describes them as at first spherical, 
afterwards becoming flattened and elongated. They rapidly acquire the characteristic 
tint. In weak and sickly embryos the circulation is languid and the corpuscles few, a 
feature LEREBOULLET also noted (No. 93, pp. 581-2). In monsters, especially double 
embryos, the circulation presents interesting features, each having its own circulation, 


though receiving nourishment from a common yolk. LEREBOULLET instances the case of 


a trout (double monster) in which the artery divides into two vitelline trunks, each of 
the two returning as veins to the corresponding embryo; while in another case of a 
double-headed embryo, which possessed two hearts, one alone received blood from the 
vitelline veins, the other heart received nothing (No. 94, p. 246). 


Renal Organs.—The differentiation of a renal tract takes place at a very early stage. | 


We have seen that on each side of the notochord (Pl. IV. fig. 10) cuboid masses of 


mesoblast are serially marked off as protovertebree (my) soon after the separation of the — 
somatopleuric from the splanchnopleuric lamella. Just external to the protovertebre, a — 
little distance behind the otocysts, a rod of cells is budded off from the splanchnopleure | 
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in close proximity to the intermediate cell-mass, LEREBOULLET observed that in Perca 
this structure develops earliest posteriorly, for he failed to trace it anteriorly, though at 
a later stage, about the time of hatching, he was able to follow its whole course (No. 93, 
p. 633) anteriorly and posteriorly. In some species a fold is developed, not a solid rod. 
RosENBERG seems to have been the first to speak of it as a diverticulum from the 
somatopleure (No. 138), and OzLLAcHER, HorrMaN, and others have confirmed this view. 
Ryber asserts that “the development of the renal organs in different genera of Teleosteans 
differs greatly in detail” (No. 141, p. 533), and this would certainly appear to be so, for 
in Salmonoids, which the observers named chiefly investigated, the origin of these ducts 
as longitudinal diverticula pushed dorsally towards the epiblast, as a groove-like fold, in 
fact, of the peritoneal cells, has been clearly shown (see OELLACHER, No. 114, fig. 18,, 
Taf. iv.; Horrman, No. 69a, Taf. iii. fig. 3). Yet in Gadoids and Pleuronectids it is by 
no means clear that this is the precise mode of origin. In the earliest condition yet 
observed in these pelagic forms a longitudinal blastema or solid cylinder is formed on the 
outer margin of the intermediate cell-mass, just as we find in the chick. Defined at 
first in the region of the mid-trunk, this blastema rapidly extends forward to the pectoral 
region, but posteriorly it develops more slowly and is ill defined. A lumen is formed by 
the radiate arrangement of its cells, which separate at their common point of junction, 
and it is now outlined throughout its whole length some days before the embryo emerges. 
In an ovum (haddock) of the ninth day these structures are very distinctly seen as a pair 
of simple ducts, with walls consisting of a single layer of columnar cells, and extending from 
the pectoral region to the root of the tail. Anteriorly each tube is folded upon itself, 
turns inward towards the notochord, and ends in a trumpet-shaped infundibular opening, 
a condition exactly according with that described by BaLFour and PARKER in Lepidosteus 
(No. 18, p. 415); but in that species the authors agree with RosENBERG and OELLACHER, 
that it is a hollow outgrowth of the somatopleure, and freely communicates with the body- 
cavity. The two ducts are widely separated, but as they pass backward gradually approach, 
and, curving down in the anal region, they meet and unite beneath the notochord in an 
unpaired common portion (wv, Pl. VII. fig. 8, and in section fig. 6a), which is originally 
of small capacity and provided with thick walls. At first the ducts are somewhat super- 
ficial (prn, Pl. VIL. figs. 1, 2, 3), as is implied in their mode of origin, being dorsally 
directed outgrowths of the proximal somatopleure; but they undergo a change of position 
similar to that exemplified in the chick, and lie ventro-laterally to the notochord (sg, PI. 
VII. fig. 4), and ultimately protrude into the peritoneal cavity (sg, Pl. XI. fig. 14). 
Ryper did not make out the mode of termination in Gadus, and he supposed that the 
- urinary vesicle opens either directly into a cloaca or the terminal portion of the intestine. 
The continuity of the walls of the ducts (sg) with the bilobed upper part of the urinary 
vesicle (wv) is clearly demonstrated in section (Pl. VII. figs. 7, 11), and the urinary 
vesicle itself has an outlet in its early condition of an interesting nature. LEREBOULLET 
described in Perca the first condition of the ducts, and says that each must be a secreting 
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organ solely, assuming the excretory function later, when the ovoid dilation (urinary 
vesicle) establishes a communication with the lumen of the enteron (No. 93, p. 633). 
KupFFer draws attention to a strand of cylindrical cells connecting this receptacle and 
the hind gut, “‘ uniting,” he says, “‘ with the epithelium of the gut” (No. 87, p. 224); but 
he appears not to have made out, any more than LEREBOULLET, an actual communica- 
tion between the two. Yet such is the case. A distinct tubular connection exists; but 
the walls of the vesicle (uv) as well as the enteron (Ag) are extremely plastic and mobile, 
vermiform movements being frequent, so that the lumen between the two becomes wider or 
narrower, and at times appears to close up, though the communication is usually readily 
seen (Pl. XX. fig. 13). Throughout their whole length, these excretory canals, including 
the urinary vesicle, exhibit simply a wall of nucleated cubical cells—a single layer of 
cylindrical epithelium. Such is the condition of the renal tract until the time of hatch- 
ing, viz., a pair of cylindrical tubes, which pass along each side of the subnotochordal 
hemal trunks, to terminate, after curving inward and downward in an infundibular 
opening. In front of the crozier-shaped loop (prn, Pl. XI. fig. 11, and Pl. XXI. 
fig. 6) a mass of trabecular tissue lies, into which tubules appear to enter to some 
extent, but this loose connective is also penetrated from the front by the growing basilar 
plate. The simple character of the embryonic renal organs in the Teleostei may be taken 
as evidence of a primitive condition, in which no metamerism is seen, the simple duct, 
which is truly an archinephric duct, forming a loop in front, and communicating with the 
pleuroperitoneal cavity, while posteriorly it passes into the hind part—a cloacal section, 
in fact—of the enteric tract. 

During the greater part of embryonic life this simple condition continues, and the 
infundibular openings do not seem to increase in number; whereas in Amphibians several 
(three or four) are developed, and in Selachians they form a series. When the young 
fish emerges, the anterior end of the kidney shows signs of growing complexity, the folds 
of the loop increasing, and a vascular glomerulus being developed in front of the swim- 
bladder near each nephrostome. A little later the nephrostome of each side and its 
adjacent glomerulus are gradually enclosed in a capsule, this fibrous sac shutting off both 
structures from the general body-cavity. A section just behind the occipital region 
(Pl. XXVI. fig. 4) shows one of a pair of such capsules in the middle line and below the 
median hemal trunks (ao and cv). On the lower and inner side of each capsule a 
vascular meshwork (g/) is present, while the nephrostome of the head-kidney opens on the ~ 
outer side of the capsule. The rudiments of the single pair of glomeruli are seen in the 
newly emerged embryo, and are not fully developed until some days later; but in 
Gastrosteus and like forms, which issue from the ovum in a more advanced condition, the 
later features are already exhibited. Ryper states that in Clupea alosa there is no 
evidence of the existence of a nephrostome or of the presence of median glomeruli until 
long after hatching (No. 141, p. 534), and this is certainly remarkable, though in the 
Gadoids and others great variations are observable, the renal organs being fairly advanced 
in P. platessa a day or two before hatching, whereas in P. flesus and P. limanda they 
VOL. XXXV. PART III. (NO, 19). | 6H 
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are more rudimentary. The waste-products taken along the renal ducts originally pass 
directly from the body-cavity, but they are by and by conveyed from the special excre- 
tory Malpighian capsules into the urinary vesicle behind, a condition which remains 
essentially unaltered in the adult. The archinephric duct does not really close early in em- 
bryonic life, as has been stated (No. 48, p. 13), but opens into a special closed part of 
the body-cavity. With the further development of the anal region, the unpaired enlarged 
portion into which the ducts pass posteriorly communicates not with the rectum some 
distance from the external orifice as in the figure before referred to, viz., Pl. XX. fig. 13, 
but by a special passage with separate opening posterior to the anus, as in a cod the 
third week after emerging—a condition also shown in the gurnard three weeks old 
(Pl. VII. fig. 9). Of the series of segmental tubules and glomeruli seen in Elasmobranchs 
there is no trace in Teleosteans; but though the renal organs are so simple in these 
latter forms, the interpretation of the various parts is not devoid of uncertainty. 

Teleosteans, it is generally held, agree with Cyclostomes, Amphibians, and Ganoids in 
possessing a pronephros ; but, in all, it is a larval structure, and is supposed to disappear 
in the adult. We have seen that in the embryos of the Gadoids, flat fishes, and 
gurnards an anterior trabecular meshwork (2) lies in front of the archinephric duct, and 
that this duct itself exhibits a much convoluted fore end (prn, Pl. XI. fig. 11), with a 
nephrostome communicating with a glomerulus. The mid-portion of the duct becomes 
more or less convoluted, while the posterior portion remains comparatively straight, 
though on its dorsal side’ a large development of cellular tissue and small sinuous tubules 
takes place at a late or post-larval stage (Pl. XXIII. fig. 2). 

In the adult we usually find an enlarged anterior paired structure, the head-kidney or 
pronephros succeeded by a pair of elongated bodies, indisputably renal, which are much 
swollen terminally, often united, and traversed on their ventro-lateral margins by a pair 
of excretory ducts. BALFrourR examined various species of Teleosteans in the adult 
condition, and came to the conclusion, in opposition to RoseNnBERG, that the so-called 


' head-kidney is not truly renal, though he did not deny the persistence of the larval 


pronephros in the adult stage (No. 13, p. 15). In Osmerus eperlanus, Esox lucius, and 
Anguilla, the fore part of the renal mass consisted in the main of vascular lymphatic 
tissue, while the true kidney-substance extended posteriorly. In Lophius piscatorius, 
which, according to Hyrrt, possesses a head-kidney only, lymphatic tissue, traversed by 
tubules alone, was found. This lymphatic tissue may represent the convoluted enlarge- 
ment of the archinephric duct, or merely a compact agglomeration of the loose cellular 
tissue lying external to the ductus Cuvieri and cardinal veins. It would appear that 
the latter is, in a large degree, true, the fore part being more emphatically trabecular, 
while the hind part consists of degenerate kidney-substance, so that BaLFour’s view most 
probably represents the facts, viz., that the so-called head-kidney is really a large 
lymphatic gland, concerned in the production of blood or lymph-corpuscles, while the 
hind portion is a remnant of the embryonic head-kidney. Except for certain lymph- 
spaces in the caudal region, the lymphatic system is but feebly represented in fishes, and 


DEVELOPMENT AND LIFE-HISTORIES OF TELEOSTEAN FISHES, 787 


it is interesting to see a large glandular structure, such as the so-called head-kidney, 
which may be made out in early embryos, and which is from the first closely associated 
with the main hzmal vessels of the trunk. The lymphatic system, with its plasma and 
leucocytes, is really intermediate between a venous and an arterial system, and is 
associated with the various serous membranes, pleural, peritoneal, pericardial, and others. 
It is not surprising that large lymphatic masses should occur so near the centre of the 
blood-system, and though BaLrour was not inclined to regard them as parts of the 
true kidney at all, they cannot at any rate be regarded solely as degenerate pronephric 
structures. WELDON, in his brief but interesting paper on Bdellostoma (No. 156), 
suggests that such masses are represented in all vertebrates by the suprarenal bodies. 
In Bdellostoma the archinephric or segmental duct is separated from this anterior mass, 
though in some specimens, possibly younger, traces of the continuity of the two could be 
made out. In embryonic Teleosteans the continuity is very patent, and in the adult 
condition renal tubules still ramify amongst the lymphatic tissue, as BaLFour found in 


Esox, Lophius, and Osmerus. In the last species a single tubule alone passes into the ~ 


vascular lymphatic mass. It would appear, indeed, as if the embryonic pronephros in the 
process of degeneration were usurped by the antenephric lymphatic structures, the 
proximity of both favouring this, while the persistence of stray tubules in the posterior 
part indicates the pronephric portion. GrosGLrK’s researches upon various adult 
Teleosteans (Cyprinus carpio, Esox lucius, Rhodeus amarus, Gastrosteus aculeatus) con- 
firm BALFour’s view, as he found coexisting in the region of the head-kidney lymphatic 
tissue and remains of the atrophied pronephros surrounded to some extent by the cardinal 
vein, while some pronephric tubules still pierced the lymphatic meshwork (No. 60, 
pp. 605-611). Emery, however, maintains that the pronephros persists permanently in 
such as Fierasfer and Zoarces; while in other forms, as Blennius, it is provided with 
glomeruli and tubules, and in Merlucius esculentus it presents the peculiar structure of 
the Wolffian body. In all it persists as a recognisable pronephros (No. 53a), a view which 
Hyrtt held; while RaTHKE and Srannivs concluded that in Cyprinus the head-kidney 
is degenerate, and bereft of tubules, a view now generally adopted. The segmental duct 
precedes the development of the Wolffian body, and cannot therefore be a mesonephric 
duct, as BaLrour suggests (No. 11, p. 701); it is in fact a pronephric duct, or more 
truly it is archinephric, for the pronephros is secondarily developed as a convoluted 
anterior portion. It is possible that this duct may not represent the primitive condition, 
but rather a segmental canal bereft of its serial segmental tubules and nephrostomes, 
save the single infundibulum at its anterior termination.* The view generally accepted 
however, is that which interprets it as a primitive non-metameric renal duct. The ducts 
retain their simple tubular character in the adult condition, and pass along the latero- 
ventral margins of the fully-developed renal masses. In the last larval stages, within a 


* The fact, however, that some segmental tubes, consisting of nephrostome, capsule, and convolutions, develop in 
Elasmobranchs independently of the duct, and later connect by their originally blind end, may indicate that the serial 
condition is secondary. It illustrates at any rate their separation and independent coexistence, whatever the explana- 
tion may be, 
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month after hatching, mesoblastic cells become aggregated along the whole dorsal extent 
of the two ducts, especially in the fore and hind regions, and they present a somewhat 
glandular character, minute sinuous tubules appearing in their midst, which pass down 
and open into the longitudinal ducts. Plate XXVI. fig. 3, shows this elongated renal 
mass of segmental tubules, and presents largely the features of the permanent renal bodies. 
Still better is the relation of the parts seen in the section (Pl. XXV. fig. 3). The 
simple epithelial walls of the excretory ducts (sg) are fibrous and thickened, and become 
in fact the permanent ureters. GEGENBAUR views the pronephros as the primitive excre- 
tory gland of the Chordata, whose place has been taken by the mesonephros, and we see 
that while the pronephric ducts persist the phylogenetic replacement of the pronephros by 
the Wolffian body is ontogenetically repeated. It is noteworthy that the segmental ducts 
become much convoluted along their course, but especially in the fore-portion. What- 
ever this may signify, these primitive archinephric ducts are the same as those which in 
Elasmobranchs and others connect the serial segmental tubes, but in Teleosteans they do 
- not appear to divide longitudinally into upper or Wolffian ducts and ventral generative 
canals. The connective tissue which surrounds the renal organs becomes deeply 
pigmented at a very early stage (Pl. VII. figs. 1, 3, 4, and 7), the large black corpuscles 
continuing to increase until their structure in later embryonic stages becomes obscured 
on account of the profuse distribution of these bodies (vide Pl. XVII. figs. 1 and 2, and PI. 
XXVI. figs. 3 and 4). The close connection of the early segmental ducts and the rudi- 
ments of the pectoral fin has been pointed out, and it is interesting to note that the 
black pigment, surrounding the renal organs at a later period, extends over and is con- 
tinuous with the pigment-layer which passes to the base of the developed fin. The wall 
of the urinary bladder at a subsequent stage presents a consistent connective-tissue layer 
(conn), lined with columnar epithelium (epith), which in the upper portion forms pro- 
minent folds (Pl. XXV. fig. 5). These folds are continuous with the two excretory 
ducts, which, as formerly stated, open into the upper and anterior wall of the vesicle. 
The Integument and Embryonic Pigment.—Throughout embryonic life the in- 
tegument remains thin and transparent, so that the internal structure'of the young fish 
is readily seen. No cilia can be detected upon it. As already pointed out, a flattened 
external layer or stratum corneum (ep, Pl. IV. figs. 5a—5d) is distinguished from the 
subjacent layer, the neurodermis (ne). Soon after the notochord is defined these two 
layers extend as a distinct integument, not only over the dorsum and flattened parietes 
of the embryo, but as a yolk-sac, over the vitelline globe (Pl. VII. fig. 6). The 
neurodermis, later in embryonic life, consists of several layers of pulpy rounded 
cells, which gradually merge into the flattened epidermis above. The innermost part of 
the two-layered epidermis constitutes a stratum Malpighii, and from it apparently exudes 
a lymphatic plasma, which forms a distinct fluid layer (ss, Pl. VII. figs. 1, 3, 4, 6), such 
_ a cutaneous sub-layer being found in Amphioxus and the Cyclostomes, though separated 
from the epidermal layers by the dermis proper. In Teleosteans when the mesoblast 
extends beneath the epidermis, to form the cutis proper, such a separation will be also 
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effected. There is, at an early stage, no true dermis beneath the Malpighian layer. 
Poucuer speaks of this subepidermal tissue as a soft variety of laminated tissue, having 
a very loose texture, and therefore little firmness (No. 119, p. 291), but in its earliest con- 
dition it is simply a soft semifluid stratum in which amorphous matter abundantly occurs. 
In this layer pigment develops (pt, Pl. [V. figs. 13, 20), and always appears as definite 
amorphous corpuscles, not a mere diffused solution. 

In different species the early coloration shows very distinctive features, the colour of 
the pigment and its distribution being, in fact, so striking as to afford aid in diagnosis. 

In some species the pigment is confined to the embryonic trunk (PI. V. fig. 2); in 
others it extends over the extra-embryonic layer, 7.e., the yolk-sac (Pl. XVI. figs. 2, 8). 
Certain forms, again, exhibit one kind of pigment (Pl. XVII. fig. 1; Pl. XIX. fig. 8); others 
show two or more colours in the larval stages (Pl. XVL figs. 1, 3, 5-9). No generalisation 
can be made, for in the same genus closely allied species show great diversity in these 
respects., Usually the pigment occurs in the form of minute isolated spots scattered 
upon the dorsum, and visible within one or two days after the closure of the blastopore ; 
though it frequently forms superficial protuberances, evidently pushing out the epi- 
dermal stratum at certain points. The form of the corpuscles undergoes rapid changes ; 
thus in a larval cod under examination two spots at the anterior border of the liver were 
seen to be finely branched, but before a sketch could be completed they visibly altered, 
and presented a simple rounded aspect. 

In the cod (Pl. XIX. fig. 8) and haddock (Pl. XVII. fig. 1) black spots only occur. In 
the ova of the former species, seven days after fertilisation, these spots, amorphous or 
rounded in form, were scattered sparsely over the dorsum and lateral regions, but in a 
few days they multiplied and extended from the snout to the tip of the tail, without any 
regular disposition. In larve of the cod, soon after emerging, however, a further change 
in the distribution of the pigment takes place, for the spots, which are now elaborately 
stellate, become aggregated in four distinct bands (Pl. XIX. fig. 8), two very dense 
broad bands—a pectoral and an abdominal—occurring on the trunk proper; while 
the tail exhibits two less dense bands, and often indications of a third. The haddock 
never shows this regular series of dark bands, which seem to be so characteristic in the 
newly emerged cod. In the ova of the haddock on the eighth day (two days after 
closure of the blastopore), black spots are irregularly dotted over the dorso-lateral 
regions, and subsequent changes chiefly affect the number and form of the spots. A 
larva two days after emerging shows stellate spots of the most elaborate form, which 
send out complex ramifying processes. These spots appear on the cranial region, and 
very thickly in the post-otocystic and lateral regions of the trunk proper. Posteriorly 
they are chiefly confined to the lower half of the caudal trunk, only two or three large 
spots occurring above the level of the notochord. Occasionally one or two spots are 
seen to send processes into the fin-membrane. The whiting offers a great contrast to the 
foregoing Gadoids, since on the eighth day (three days after the closure of the blastopore) 
very faint yellow spots appear, and are thickly distributed over the entire trunk, including 
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the tail. Not only so; but the fin-membranes and the yolk-sac exhibit similar spots in 
abundance (Pl. XVI. fig. 2). They are very pale, and unless carefully looked for,-readily 
escape detection, but they are very characteristic of this fish, even in the late larval stages, 
the pale yellow, with a distinctive greenish tinge rendering them important for diag- 
nostic purposes. In this species one or more enucleate, elaborately stellate structures 
frequently exist on each side of the mid-mesenteric region. Sometimes five or six of these 
bodies appear upon the surface of the yolk near the trunk of the embryo. They have 
the form of a “ bone-corpuscle,” but they are not pigmented, and their nature and meaning 
are doubtful. In the ling, from the third to the fifth day (Pl. XIX. fig. 9), while the 
blastopore is closing, neutral-tinted amorphous spots, apparently protoplasmic aggrega- 
tions, which send out pseudopodial processes, and thus acquire a rudely stellate form, occur 
over the yolk-surface (vide Pl. XIX. fig. 9). Two days later (when about thirty 
protovertebree are segmented off) the trunk and fin-membranes are very richly supplied 
with yellow pigment of a bright canary-tint (Pl. V. fig. 9). This consists of unbranched 
corpuscles, and extends also over the yolk-membrane. Black pigment likewise appears, 
a few rude spots at first behind the eyes, and similarly it is not confined to the trunk, 
stray stellate spots extending over the yolk-surface, and especially over the protoplasmic 
covering of the large oily sphere (og). On the trunk, from the otocysts (aw) to the tip 
of the tail, a more or less regular linear series of stellate black spots passes, extending at 
times over the dorsum. In Motella, as Mr Brook (No. 31, pl. ix. figs. 7, 8a; pl. x. 
figs. 10, 11) has shown, black pigment occurs in definite patches; and after the embryo 
has emerged, this definite aggregation of the spots produces a very remarkable appear- 
ance (Pl. XVII. fig. 2). 

In the few species of Pleuronectidee as yet investigated, certain common features are 
noticeable, viz., the general occurrence of yellowish pigment (vide Pl. V. fig. 6; Pl. XVI. 
figs. 1, 3, 5,6; Pl. XVIII. figs. 1, 2; Pl. XIX. fig. 5), and in later stages the presence 
of two distinct colours (Pl. V. fig. 6; Pl. XVI. figs. 1, 3, 5; Pl. XVIII. figs. 1, 2). 
On the fifth day (120th hour after fertilisation), when twenty-two to twenty-five 
protovertebree in the common flounder are marked off, pigment of a pale brown tint, 
yellow by transmitted light, occurs on the sides, especially along the median lateral line. 
Twenty hours later, black spots, very minute in size, appear, intermingled with scat- 
tered yellow spots over the trunk and tail. The yolk, however, is devoid of pigment. 
Pl. XIX. fig. 5, shows the arrangement of the yellow pigment at the time of hatching. 
In examples at an advanced stage, e.g., twelve or fourteen days after hatching, a 
remarkable distribution ‘of these spots is exhibited (Pl. XVI. fig. 1). The brownish 
yellow spots extend above the mid-brain (mb), around the eyes, along the mandibles, 
and over the abdominal region ; but are especially aggregated along the dorsum upon 
each side of the median fin. The peculiar patches of radiate or stellate yellow spots which 
appear midway along the embryonic caudal fin-membranes, dorsally and ventrally, will be 
described in a subsequent page (see Median Fins). Radiate black spots also occur 
amongst the yellow pigment. 
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The dab (Pleuronectes limanda) has a distribution of pigment similar to that in the 
flounder, though the yellow spots seem to take a more distinctive linear disposition, two 
lines running along each side of the embryo, the upper line marking the dorso-lateral limits 
of the neurochord (PI. V. fig. 11). This distribution is well seen when the embryo is viewed 
from above. Pigment (yellow) appears when about thirty protovertebre are outlined 
(i.e., about the seventh day after fertilisation). On the fourteenth day (two days after 
emerging) the pigment-spots around the margin of the eyes and the otocysts coalesce to 
form larger patches, irregular in form. A few days later, the upper lobe of the caudal 
membrane is diversified by the development of an undulating line of yellow pigment, or 
rather of a linear series of crescentic patches. Other spots occur thickly in the anal region, 
but the yellow pigment of the trunk is confined for the most part to two lines, as above 
described (Pl. XVI. fig. 6). Ina more advanced embryo, thirteen days after extrusion, 
the crescentic series of patches in the caudal fin is still more boldly marked, while two or 
three irregular touches appear on its lower lobe. The stellate pigment-spots are now 
meagre, occurring, as in the earlier stage just described, over the eyes, along the ventral 
region, over the greatly diminished yolk-sac, and very sparsely on the tail. The eyes 
have become darker, by increase of their black choroidal pigment, and about this time 
they show a striking green lustre.in oblique light (Pl. XVI. fig. 3). 

In the plaice (Pl. V. fig. 6) black pigment-spots, mingled with finely stellate 
bright canary-yellow corpuscles, develop, though comparatively late, and when the embryo 
is freed it does not show the marked pigmentation of the cod or like forms. On the 
third or fourth day after emerging yellow pigment appears as very minute amorphous 
spots. In Pl. XVI. fig. 5, the peculiar distribution of the two tints is seen. The head 
and trunk present very minute, scattered spots. The ventral margin of the alimentary 
tract shows stellate black spots ; while the upper and lower contours of the caudal region 
have bold lines of stellate spots, which extend to the caudal fin-membrane, though con- 
fined to the lower lobe, and here the spots are simple and very minute. The yellow 
pigment appears only as a narrow area towards the end of the tail, viz., the upper 
margin of the posterior half of the caudal trunk. At the root of the tail a dense patch 
of black spots occurs, extending obliquely just above the urinary vesicle. 

Pigment appears in the gurnard at a slightly later stage than in the foregoing forms. 
It consists of very pale yellow spots, which have a delicate sea-green tinge in certain 
lights. They are sparsely scattered over the trunk proper, but form a rude line along 
the dorsum, and an undulating line along the sides and around the eyes. Three or four 
days later minute black spots occur, and both colours are sparsely distributed over the 
yolk-sac, and around the large oil-globule. A more advanced embryo is seen in Pl. XVI. 
fig. 8, at which stage irregular patches of yellow and black pigment exist upon the 
dorsal and ventral portions of the caudal membrane. The spots send out branched 
ramifying processes, and the pectoral fin exhibits distally a radial yellow and black 
coloration. The eyes, however, are very slightly tinted with minute black spots. In 
still later larval and post-larval stages the pigment diminishes, and only occurs very 
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sparsely in linear areas along the summit of the head, the opercular region, and on the 
snout. In form the spots are amorphous or rudely stellate. Along the huge pectoral fins 
and the ventrals similar minute corpuscles are developed, mingled in the former pair of 
fins with yellow pigment-spots (Pl. XVII. fig. 5). 

Certain features in the development of the pigment are noticeable, such as the fact that 
in some Gadoids the spots are confined solely to the trunk (cod, haddock, and rockling), 
(vide Pl. XVII. figs. 1, 2); while in the whiting (PI. XVI. fig. 2), the sole and the ling 
(Pl. V. fig. 9), the covering of the yolk (y) becomes richly pigmented. This pigmenta- 
tion of the yolk-sac is a feature also in the gurnard (Pl. XVI. fig. 8), and in the latter and 
the ling coloration is preceded by the appearance of colourless corpuscles, which are 
scattered over the yolk-sac (vide Pl. XIX. fig. 9). Pale neutral tinted bodies, evidently 
protoplasmic, and of various angular shapes, are distributed over the yolk-surface. They 
send out pseudopodia, and become rudely stellate. In the ling this occurs on the fifth 
day after fertilisation—about the time that the blastopore closes; and in the gurnard at 
a similar stage these protoplasmic particles with short processes also appear. These 
bodies are obviously only a cortical disposition of protoplasm—less delicate and complex 
than the elaborate network of protoplasmic threads which extends over the yolk-sac in 
the cod, haddock, flounder (Pl. XIX. fig. 5), dab (Pl. V. fig. 3), and other forms. 

The pigment-spots which occur over the yolk-surface are beneath the cellular germ- 
layer. They develop, as RYDER has pointed out, in the non-cellular periblast ; and Cun- 
NINGHAM, while noting this condition, viz., that ‘‘ they are situated at the surface of the 
periblast,” in Pleuronectes microcephalus and Scomber, states that in the latter species the 
pigment is confined to the deep surface of the oil-globule and the sides of the embryo. 

If the large multipolar corpuscles in the ling and gurnard be merely the nodes or 
thickened points of intersection for the protoplasmic threads crossing over the whole yolk- 
surface, it is remarkable that these points of intersection should not develop pigment in 
the cod and dab, whereas they apparently become the pigment-spots of the yolk-sac in 
the ling and gurnard. The actual transformation of the colourless corpuscles into 
pigment-spots was not observed, but it is very probable.* 

The pigment-spots of the embryonic trunk often form distinct papilliform projections, 
the growth of the corpuscle pushing the epiblast out, and forming a small mound at that 
point. If the development of a pigment-spot be followed in the ling or gurnard (vide P|. 
V. fig. 2), we see a rounded or irregular particle of clear protoplasm superficially placed 
upon the yolk-surface, which shows amceboid movements, and sends out blunt processes 
(Pl. I. figs. 8a, 8b). These processes become bifurcate, and assume a more or less elabo- 
rate ramose disposition—a stellate corpuscle being the result (Pl. V. fig. 2b). In the 


* In Gastrosteus KupyFER speaks of the appearance on the yolk-surface of small nuclear bodies, from which he says 
not only pigment, but blood-corpuscles are formed. These nuclei, probably the nuclear bodies already referred to in 
the allied marine species (p. 55), which become radiate in form, develop pigment-particles, the others keep their 
original shape until they are set in motion by the establishment of a blood-circulation (No. 88, 1868). In Gastrosteus 
spinachiia, the yolk-cortex, even before the blastopore closes, presents a striking appearance on account of the large 
translucent nuclei which are scattered all over it. These nuclei often show many nucleoli (vide No. 124, p. 493), and 
in the freshwater species, G. aculeatus, a reticulation is also present, but this has not been observed in G@. spinachia. 
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centre a nuclear portion (mn) can be made out, and this usually remains clear and un- 
changed, while around it very minute particles of black pigment (pt) develop. These 
particles increase so rapidly that the bases of the pseudopodia become much darkened, 
and a centrifugal transference commences, the minute particles flowing along the ramify- 
ing arms, until a pale steel-tinted stelliform body becomes distinctly outlined. The tint 
grows in intensity, and finally shows the dense black colour characteristic of the completely 
developed corpuscle. In many cases by their extension these black corpuscles intermingle 
so as to interlace their arms in a complex manner, and even coalesce, as was noticed by 
LEREBOULLET, who also observed the persistence of the central pale nucleus in each 
corpuscle (No. 93, p. 579). 

The variations in the disposition of the pigment in different forms is noteworthy, and 
its diagnostic utility has been already mentioned. The time at which pigment appears is 
also remarkable. LEREBOULLET found in Perca that it develops earlier and more abund- 
antly than in Hsox, though in both forms it overspreads the yolk-sac (No. 98, 
pp. 579-586, 610). It is very precociously developed in the flounder, and comparatively 
late in the whiting. 

During the later larval stages the epidermis becomes very irregular—rounded pro- 
tuberances appearing especially over the cranial and facial regions (Pl. IX. fig. 3; Pl. 
XVII. fig. 4). Many of these are sensory enlargements, and described elsewhere, but 
enlarged mucous cells develop, especially in the region of the snout. These open | 
superficially, and doubtless are protective in function—bathing the young embryo exter- 
nally with a gelatinous secretion. The contents of these large mucous cells stain very 
deeply, and are especially noticeable in sections of the plaice, though in Cyclopterus and 
others they also form a noteworthy feature. 

No cilia are apparently developed upon the embryonic integument, nor do fine 
immovable hairs occur as in Petromyzon and its young stage—Ammocetes. The serial 
sensory papille (Pl. VI. figs. 8, 8a) send out fine filiform processes (plp), but they are 
local, and probably pushed through from the neurodermis below. The development of 
scales as protrusions from the corium which burst through the epiblastic integument, as 
well as the formation of iridescent plates in the stratum Malpighii, belong to a late post- 
larval stage. In some young forms, it is true, a brilliant iridescent appearance is seen in 
the abdominal region ; but this is occasionally due to the enlarged swim-bladder, the fishes 
in certain cases remaining translucent, and almost colourless in the post-larval stages, when 
all the more important structural features of the adult are assumed. In such forms, again, 
as the post-larval Anarrhichas, the whole abdomen is iridescent. 

Ova and Generative Organs.—As soon as the segmental ducts have reached their 
final position on each side of the dorsal aorta, a strand of peritoneal (splanchnopleuric) 
cells passes below them. They thus become grouped on the inner side close to the 
mesentery (Pl. VII. fig. 1). These cells become aggregated, and produce an irregular 
contour especially in the posterior region—where the alimentary canal is more distant 
from the notochord, and the median mesenteric membrane is better developed. They 
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form, in fact, the germinal epithelium, but a definite germinal ridge cannot be made out. 
Indeed, in the haddock, it is not until the second or third week after extrusion that this 
germinal portion becomes distinctively marked (Pl. XI. fig. 14). Some of these cells 
(po) are seen to enlarge and protrude from the surface of the mesentery (msn) into the 
abdominal cavity as large primitive ova, and they occur, almost solely, slightly anterior 
to the urinary vesicle, especially above the region of the small intestine. In short, their 
appearance and distribution precisely accords with Ba.rour’s description of the early 
Elasmobranch ovum (No. 15, vol. xi. p. 161). The ova are most closely grouped on 
the roof of the abdominal cavity, and especially in the median niches formed by the 
projection of the suspensory septum or mesentery (msn). They are also grouped upon 
the mesentery, and some develop upon or have migrated to the peritoneal envelope of the 
intestine itself (hg). They are very irregularly distributed, and show great variation in 
size ; large spherical ova projecting from a mass of small undeveloped cells, and all 
loosely held together by the delicate connective tissue of the peritoneum. The ova 
appear to be like the cells adjacent, and differ only in their larger size and more active 
development. Each consists of a mass of minute nucleated spheres enclosed in a thin 
membrane ; but are quite unlike the primitive ova of Elasmobranchs, as described by 
Batrour (No. 18, p. 164), for these latter are uninucleate, one or two nucleoli, stain- 
ing deeply, occurring in the nucleus, which is large, and surrounded by a granular 
protoplasmic matrix. Along each side of this region of the abdomen, external to the 
abdominal cavity, a mass of cells may occur, not unlike, but less in dimensions than, the 
primitive ova described above. The lateral niche in which they are aggregated is defined 
by richly pigmented peritoneum, and this pair of lateral sacs strongly suggests the 
ovaries of the adult. The largest ova are those, however, which are free, and project 
boldly from the mesentery and roof of the abdomen. BaLrour speaks of a thickened 
germinal epithelium in the Teleosteans, into which the adjacent stroma sends ingrowths— 
the cells of the epithelial layer increasing by the growth of the clear protoplasmic 
contents. But this does not correspond with the condition seen in the young haddock, 
each ovum being a more or less perfect sphere, and enclosing numerous minute 
nucleated bodies. Later stages were not observed, and it was not made out whether the 
lateral peritoneal sacs finally became the ovaries with their continuous genital ducts, or 
whether an epithelial layer grew over the freely suspended primitive ova, and enclosed 
them in an ovarian sac, depending from the abdominal roof. 


DEVELOPMENT AND LIFE-HISTORIES OF TELEOSTEAN FISHES. 795 


IX. Tue Fins. 


Median Unpaired Fins.—The development of a median epidermal crest (ef, Pl. V. 
fig. 11; Pl. XIIL fig. 3; Pl. XIX. fig. 10), extending along the median dorsal line from 
the cephalic region round the end of the tail, and along a portion of the under surface of 
the caudal trunk, is an early and noticeable feature in the embryos of Teleostean fishes, 
with probably few exceptions (e.g., Hippocampus). Soon after the tail is detached from 
the yolk-surface, within a day or two after the closure of the blastopore, a minute fold of 
epiblast projects as a ridge along the whole course just indicated. It grows in vertical 
breadth, being pushed out in the form of an epiblastic fold, and shortly before the extrusion 
of the embryo is quite a broad membrane, especially well developed in the hind trunk and 
caudal region. On account of its superficial extent—while the embryo is within the egg 
—it is creased and much folded about the body; but on the embryo issuing from the 
ovum the membrane rapidly straightens out and becomes erect. It apparently continues 
to grow after extrusion, a newly hatched embryo having a much less extensive median 
membrane than one a few days old (compare Pl. XIX. fig. 5; Pl. XIII. fig. 6; PL XVI. 
fig. 1). The extent covered by this fin (ef) varies in different species, thus in the young 
of Trigla gurnardus (Pl. XII. fig. 1) it never extends quite so far forward as in the forms, 
e.g., Gadus eglefinus (Pl. XIV. fig. 1), G. morhua, G. merlangus (Pl. XVI. fig. 2), and 
Motella (P\. XVII. fig. 2); its wider portion in fact reaching only to the otocystic region, 
in front of which its height gradually diminishes, and the fin disappears above the 
occipital region (P]. XVI. fig. 8), In such examples as the Gadoids just mentioned, it is 
broad and prominent as far forward as the mid-brain, in which region it gradually 
slopes to a mere ridge. The thinness and transparency of this structure is remarkable. 
It is so delicate that as the fish progresses through the water it is flexed and waved 
about. with every movement, and on removal from the water the fin collapses at once, 
and lies like a film on the body. Slight contact with a hard substance immediately 
injures it, and while in healthy larve it stands out erect and even, and is per- 
 fectly translucent, it appears crumpled and in many parts opaque when the fish is 
in a sickly or dying condition, ultimately dissipating or breaking up into needle-like 
fragments. 

In certain forms, e.g., Gadus merlangus (Pl. XVI. fig. 2), Molva vulgaris (Pl. XVII. 
fig. 9), and Solea vulgaris (Pl. XVII. fig. 13), the pigment, which extends not only over 
the body, but over the yolk-sac, appears also upon the embryonic fin (ef) ; whereas in 
Gadus morrhua, G. eglefinus, &c., no such pigment-corpuscles occur save on the trunk 
of the fish—the yolk-sac as well as the membrane being destitute of them. It was men- 
tioned previously that in Pleuronides limanda (Pl. XVI. figs. 3,6) and Trigla gurnardus 
(Pl. XVI. fig. 8) the fin shows during the later larval stages remarkable coloration 
—in the former species crescentic particles of yellow pigment appearing in regular series 
along the membrane above and below the caudal trunk during the second week after 
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hatching, while in the gurnard a third-day embryo shows irregular patches of yellow pig- 
ment, with which black spots are also mingled (Pl. XVI. fig. 8). The coloration jn other 
species will be noticed on a following page. | 

In transverse section this fin-membrane (ef) consists merely of a simple median fold 
of the double-layered epiblast—the outer flattened corneous layer, and the inner sensory 
layer, which proceeds into the narrow fissure separating the two lamelle of the fin 
(Pl. VIL. figs. 3,6). This fissure enlarges close to the trunk, and is continuous with a 
spacious subepidermal chamber which extends all round the latter, and is well seen in 
late larval stages in section (Pl. VII. fig. 6) and surface view (Pl. XVI. figs. 1,3). A jelly- 
like lymph fills up this cavity, which, as already pointed out, becomes extraordinarily 
enlarged in the cephalic region. All along the trunk such a space exists in a modified 
degree, and delicate nerve-strands pass across ii from the spinal .cord to the sensory 
papille in the skin. Along the tail the interspace is narrowest (ss, Pl. XI. figs. 15, 17), 
but on the ventral side, as the root of the tail is approached, it enlarges and forms a 
spacious fissure in the anal region (ss, Pl. XI. fig. 14). It is in this chamber, limited 
on each side by the epiblastic fin-fold, that the rectum (hg) pushes its way, and before 
the anus is formed sends out a strand of loose cells, extending from the base of the 
urinary vesicle to a point midway down the expanse of the fin-membrane. 3 

The hind gut, as already indicated, ends blindly, and does so for a period varying 
very much according to the species. The anal column of cells, before and after a 
lumen is formed, passes down the centre of the fissure (ss), and is apparently held in 
place by the tenacious plasma (a, Pl. VII. figs. 12, 13), in which granules subsequently 
appear, and forms a matrix surrounding this part of the intestinal tract. As formerly 
mentioned, the anus does not extend to the ventral margin of the fin, but opens at the 
side about midway (a, Pl. VII. figs. 14, 15). In this continuous embryonic fold the 
permanent unpaired fins of the adult fish are formed—arising, as BaLFrour said, by local 
hypertrophy (No. 11, p. 78), though no less by atrophy of the parts between the 
ultimate fins. . LEREBOULLET refers to this atrophy in Perca, when he says the margin 
becomes indented where the three vertical fins in that species will finally remain 
(No. 93, p. 634). These local indentations mark the atrophy of parts of the embryonic 
membrane, which finally disappear, leaving the prominent and strengthened remnants 
of the once continuous fin to form the permanent unpaired fins. Before this atrophy 
of the transient portions and the hypertrophy of the permanents parts, the sites of the 
ultimate fins often appear to be indicated by remarkable aggregations of pigment. Thus, 
in the advanced embryo of Pleuronectes flesus, a striking development of pigment- 
corpuscles takes place in the dorsal and ventral portions of the embryonic fin. « Scattered 
pigment occurs along its whole extent behind the pectoral region, though it is sparse; 
but certain parts in an early stage are distinguished by more abundant coloration, and 
_ in the thirteenth-day flounder, referred to, a patch of brownish-yellow pigment-spots, 
arranged in a radiate manner, is seen with black spots intermingled (Pl. XVI. fig. 1), as 
_ also in the undetermined Pleuronectid figured on Pl. XVIII. fig. 1, and in Agonus on the 
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same plate, fig. 11. . A similar dorsal and ventral arrangement of caudal pigment-spots 
occurs in the advanced embryo of the ling (Pl. XVII. fig. 10), black pigment-spots 
diverging upward and downward from the caudal trunk in a characteristic manner. In 
this way the sites, so to speak, of the future median fins are indicated by radiate 
coloration before the continuity of the embryonic membrane (ef) is to any appreciable 
extent destroyed. Later, however, the developing fin-rays (embryonic) are more clearly 
indicated by granular striations which pass across the membrane (vide Pl. XIII. 
figs. 2, 6a; Pl. XV. figs. 4, 5), still very thin and transparent (though a fine reticulation 
of a superficial character often appears in it), no mesoblast having as yet insinuated 
itself into the interlamellar fissure, as shown in a section of the haddock on the 
third day after hatching (Pl. VII. figs. 3, 4), or even so late as the seventeenth day 
(Pl. XI. fig. 14). LerEBovuLter noticed similar indications in the still persisting 
membrane of the embryo of Perca when twelve to fifteen days old. He describes along 
its whole length small irregular transparent structures like oil-tracts, and he found that 
they accumulate where the permanent fins will be developed (No. 93, p. 640). These 
are either the homologues of the pigment-corpuscles mentioned above, or aggregations of 
the external reticulation. Later, he says, he noticed these disappear in Leuciscus eury- 
ophthalmus as if by absorption, and striations inclined in a backward direction take their 
place. They form successive pairs, the rudimentary rays, in fact, of the unpaired fins, 
which he remarks are double at the time of origin (p. 640). RyprerR speaks of the 
mesoblast as entering the fold at an early stage (No. 114, p. 517),* but this does not 
apply to many forms, for a section through an advanced embryo of the haddock, as just 
mentioned (Pl. XI. fig. 14), still shows a mere epiblastic fold (ep) little altered from its 
primitive condition. While the membrane still remains thin and translucent, ray-like 
thickenings are frequent—apparently aggregations of a horny or chitinous nature, usually 
regarded as epiblastic thickenings, which develop, as LEREBOULLET observed, centri- 
petally, and grow towards the trunk (No. 93, p. 637). He describes them as transparent 
strips, distant from, but directed towards the body, and appearing simultaneously in the 
three parts which subsequently form the three vertical fins in Leuciscus euryophthalmus. 
These rays LEREBOULLET describes as formed by a “condensation of a plastic material 
without any grouping of cells,” and he regards them as connected with the vertebral 
column below from which they are separated, subsequently, by the interspinous bones 
(p. 630). In reality, however, the early rays are merely dermal thickenings, and appear at 
first as narrow granular tracts indefinite in outline, and extending dorsally and ventrally, 
and therefore unconnected with the axial skeleton below. LEREBOULLET’S view applies 
to the dense permanent rays which develop in the post-larval stages, for these rods 
are paired, and arise under the epiblast—beneath the pigment, which appears in the 
Malpighian layer of the ectoderm, and are most probably aggregations of mesoblastic cells 
which grow up into the median fin-fold from the axial (skeletal) mesoblast below. In 


* Ryper now holds that even the embryonic fin-rays are mesoblastic (Rep. U.S. Comm. Fish and Fisheries, 1884). 
As fast as they appear, they are preceded or accompanied by outgrowths of mesoblastic cells. 
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the embryos of species with pelagic ova, e.g., Gadus morrhua, G. aglefinus, G. mer- 
langus, Molva vulgaris, Trigla gurnardus, and the Pleuronectids, such median fin- 
rays do not appear even in the late larval condition (ef, Pl. X. figs. 1,4; Pl. XVII. 
figs. 2, 10, 12); and RypeER instances other examples, some having demersal ova, ¢.g., 
Alosa, Pomolobus, Cybiuwm, Parehippus, and Idus, in which this is so (No. 141, 
p. 518), the original transparent membranous condition of the embryonic fin persisting 
to a late stage. RypeEr adds that in Gambusia and certain Lophobranchs no embryonic 
fin-fold is formed at all—the single dorsal fin arising later as a local dermal excrescence 
with a core of intruding mesoblast (No. 141, p. 518). In some Cyprinoids (Jdus and 
Carassius), which also possess a single dorsal only, the continuous embryonic membrane 
nevertheless appears. Pl. XVII. fig. 5, represents a young gurnard in which the two 
dorsals and the single anal fin (af) are indicated; but the former are still continuous 
with the tail-membrane (cf), while a remnant passes forward to the anal fin. The stage 
figured is post-larval, and in Pl. XVII. fig. 7, the fins have really reached the adult 
condition, and are completely differentiated, all trace of the continuous embryonic mem- 
brane having disappeared. In Pl. XV. fig. 6, representing Cyclopterus lwmpus, these 
intermediate connections are still discernible, though the two dorsals (df) and the 
anal are almost wholly separated. These unpaired fins have become conspicuous 
by hypertrophy at three points, and by the atrophy of the membrane in front and 
behind (see also fig. 5). The ventral median fin is broken up into two by the anus (a), 
which, e.g. in Gastrosteus, has pushed its way down and terminates at the apex of an angular 
bay marking off a pre-anal] from a true anal fin (Pl. XV. fig. 5). LeREBoULLET describes such 
a bay in the newly emerged embryo of Perca, while the body is still encircled by the con- 
tinuous fin, “‘ the lower edge,” he says, “‘ exhibits an indentation where the anus will appear ” 
(No. 93, p. 616). This condition differs very much, it is unnecessary to point out, from 
that in the newly hatched embryos of the species here described. A post-larval flounder, 
5°8 mm. in length, which is perfectly translucent and colourless, but has lost almost every 
embryonic trace, still retains a membranous vestige connecting the dorsal above and the 
anal below with the caudal fin. The three fins thus connected have otherwise attained 
all the characters seen in the adult. 

The unpaired fins in Teleosteans, therefore, do not arise as two apposed, independent 
epiblastic plates, but as a median fold or crest. 

Prof. Humpury first broached the idea, from an examination of the adult anal fin, 
that it might be double in its origin, z.e., a union of two lateral fins; and he suggested 
that the other median fins might have thus originated, and that the paired and unpaired 
fins were alike double primitively (No. 72), a view supported by the fact that the dorsal 
fins, in addition to their (spinal) motor nerves, are supplied by a pair of sensory nerves 
which brauch off from the trigeminal soon after it emerges from the roof of the skull. 
The study of their development, however, would seem to yield an opposite conclusion— 
the median fins are single at their origin,* and their bilateral structure—muscular and 

* LEREBOULLET's statement that the dorsal fin is double at its origin is likewise misleading (No. 93, p. 630). 
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skeletal—is subsequently assumed, and it must be added the paired sensory (nerve) con- 
nection, above mentioned, is probably also secondary, for in Selachians and Dipnoans no 
trace of it is seen. It is remarkable that in some forms, e.g., Apeltes, vascular loops are 
formed in the median fin-folds at the time of hatching, whereas in none of the species 
specially referred to in this paper is this the case—the membranes remaining transparent 
and non-vascular for some time after extrusion. 

The Caudal Fin.—It is plain from the foregoing observations that the tail of the 
embryo is not by any means distinctly marked off from the trunk. The tail is indeed 
the tapered portion of the trunk, which gradually diminishes, ending posteriorly as a thin 
rod (the notochord with the muscle-plates on each side), and the neurochord above (ef. Pl. 
XIII. figs. 1, 2, 4, 6a, 7). A strand of connective tissue passes along beneath the rod, 
and in this tissue the heemal trunks of the tail are by and by formed (vs., Pl. VII. fig. 6a; 
Pl. XI. figs. 15, 17). The whole is encircled by the embryonic fin-membrane (ef) 
which passes along the median dorsal, terminal, and ventral line, so that the tail is at 
this early stage of the typical protocercal type, showing no division into lobes. In the 
early ling, about the time that the eyes are fairly complete, two peculiar folds are sent off 
below the muscle-plates in the caudal region. While within the ovum the caudal trunk 
lies for some time as a flattened process upon the yolk, its greatest breadth being at right 
angles to the caudal plane of symmetry, and when first it buds out from the trunk it 
is in a state of torsion, the developing fin-membrane being folded in a complicated manner 
at the root of the tail, and passing as a horizontal ridge round its termination (PI. IT. 
fig. 11). This state of torsion, which is very marked in the earliest condition of the tail, 
does not continue, and shortly before hatching the enlargement of the perivitelline space 
not only gives the caudal trunk more freedom, but even permits active movements on 
the part of the embryo. 

Usually, as pointed out above, the trunk terminates in a more or less accuminate 
process (Pl. XIII. figs. 1, 2, 4, 6a, 7); but in Pl. XV. fig. 4, a remarkable terminal 
enlargement is seen, the neurochord swelling to form a lobe, while the notochord ends in 
an irregular bulbous structure. In the figure just referred to (Pl. XV. fig. 4) the tail- 
fin proper is marked by a radial structure (embryonic fin-rays), apparently a mere 
dermal thickening, such as we see in a late stage of Pleuronectes timanda (Pl. XVI. fig. 
3). In Pl. XIII. figs. 6, 6a, the embryonic membrane is diminished between the ter- 
minal caudal and anterior portions, and a mass of granules is forming around the end of 
the notochord, which assume a radial disposition. These diverging granular tracts are 
better defined, and form, in fact, rays in the dorsal and ventral lobes of the membranous 
fin of the same embryo (Pl. XIII. fig. 7). The formation of fin-rays, without the 
intervention of special cellular prolongations from the vertebral arches, was observed by 
LEREBOULLET, who speaks of them as produced probably by “ the deposit of a cartilaginous 
cytoblastema” (No. 93, p. 634). The appearance of these rays does not suggest a 
cartilaginous character, the fine granular tracts (Pl. XV. fig. 5), as they become defined. 
form clear translucent rods (Pl. XIX. figs. 2-4), not unlike the “spicular substance,” 
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which appears in certain parts of the axial and appendicular skeleton (e.g., vertebral 
bodies and pectoral arch). Most probably they are of a resistent horny (?) nature, and 
they are developed at first in the distal or mid-part of the fin-membrane, approaching, 
as before pointed out, the trunk by the growth of the proximal end of each ray, “ their 
development being in conformity with M. Szrres’ law of centripetal formation” (No. 93, 
p. 634; also wide Serres’ Principes d’organogénie, Paris, 1842, p. 212). As the rays thus 
develop, the aboral end of the cellular notochord (nc) curves upward (Pl. XVIII. fig. 3), the 
upper lobe (opisthure of RyprEr) diminishes, while a new and larger lobe expands on the 
ventral side of the chorda. A notch, however, separates this new growth from the lower 
lobe of the primary protocercal tail (Pl. XIX. fig. 4).* Acassiz describes this development 
of the secondary caudal membrane as an atrophy of the upper lobe, and a rapid 
development of the lower lobe which becomes bifid. The lower lobe does not really 
become bifid, but a new lower or rather anterior ventral lobe grows out, and by its 
rapid development leaves a notch separating it from the primary lower lobe. The two 
original lobes of the protocercal tail are gradually pushed further up and almost entirely 
disappear, the tail of the adult being for the’ most part a wholly new growth on the 
ventral side of the notochord, and slightly anterior to its termination (compare figs. 3 and 
5, Pl. XVIIL.). The stages of this atrophy of the primary fin-lobes and the growth of the 
secondary tail-fin, mainly as a new product, can be seen by comparing Pl. XVII. fig. 3, 
which shows the original protocercal outline, with fig. 6 on Pl. XV., in which the 
secondary tail-fin is formed as a large ventral lobe supplanting the primary tail. 
In fig. 5, Pl. XVII, the new tail-fin has completely taken the place of the primary 
membrane. Pl. XVIII, figs. 3, 4, 5, and 7, show these stages well. The embryonic tail with 
its dermal rays is transitory, and the permanent tail with its hypural elements (Pl. XV. 
fig. 3) belongs to a stage which is post-larval. LEREBOULLET says the materials out of which 
these later skeletal elements are developed are furnished by a rich caudal plexus of blood- 
vessels. This complex vascular development, he says, “precedes and announces the 
formation of the tail,” and it consists of a system of elongated loops in the pike, perch, 
trout, and roach (No. 95, p. 26). No such subnotochordal terminal plexus is formed in the 
Gadoid and other forms studied at St Andrews. Thus the gurnard, even at so advanced 
a larval stage as Pl. XVII. fig. 5, shows no such network; yet the hypural plate is well 
developed and the fin rays fully defined.t 

The Paired Fins.—When the embryo is first outlined in the blastoderm, an alar 
expansion stretches away on each side of the trunk of the young fish. This expansion 
consists of epiblast and hypoblast resting upon the stratum of periblast below. No 

* Ryper (“ Evolut. of Fins of Fishes,” Report of Com. Fish and Fisheries for 1884-1886) states that there is evidence 
of the degeneration of the caudal region, as in Chimera and Stylephorus there is a permanent archicercal opisthure, a large 
temporary one in Lepidosteus ; and, moreover, there is the evidence of the concrescence of the hypural pieces ; the 
ventrally diplacanthous and even triplacanthous caudal vertebra, or their coalesced representative, the urostyle ; the 
existence of hypaxial opisthural elements ; the abortion of the epaxial spines of the caudal vertebre ; and finally, the 
abortion or extreme modification of the last muscular somites of the caudal region. Ryper (op. cit., from an examina- 


tion of the eel) holds that the hypurals are partly hemal and partly interspinous. 
t See Lorz on “Tail of Salmon,” &c., Zeitschr. f. wiss. Zool., 1864, p. 260. 
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mesoblast apparently extends into it (al, Pl. III. figs. 11-13; Pl. IV. figs. 4, 10), 
though this layer is ill-defined laterally at this stage. A pair of lateral horizontal al 
(al), indeed, stretch along the whole trunk—from the pectoral to the post-mesenteric 
region. It is in reality the elongated and narrowed blastodermic scutum (Pl. XXVIII. 
fig. 5), and extends in front and behind the two points mentioned, though it is there 
thinner and hardly distinguishable. In Pl. III. fig. 19, such a pair of lateral horizontal 
fin-expansions are present extending from the trunk-region proper, and their limits 
are very definite when viewed from above. Just as in the case of the median vertical 
fins, certain areas in these horizontal ale become defined, as special fin-regions by a 
visible thickening, apparently from the folding under of the epiblast. Thus two flattened 
oval pads consisting of a double epiblastic fold like the double median fin-fold, are 
disengaged from the rest of the alar expanse. Before and behind this pair of pads the 
lateral membrane thins away and atrophies, while the special portions continue to increase 
in density as a pair of pectoral limbs ( p/, Pl. V. figs. 6,9; Pl. XIV. fig. 1). LEREBOULLET 
apparently did not notice that the pectoral fins emerge from the lengthy lateral mem- 
brane or alar expanse on each side, and speaks of a gradual accumulation of cells from 
the inferior lateral portions of the trunk as a pair of tubercular processes protruding 
some distance behind the ears. In Perca he found that these fin-pads became detached 
on the seventh day (No. 95, p. 10; No. 93, p. 583). The increasing density of the fin- 
pads is due to the entrance of mesoblast into the interstice, separating the upper from 
the lower epiblastic lamella. This mesoblast spreads out radially, but does not reach 
quite to the distal margin, and the peripheral portion remains more transparent, though 
the epiblastic cells which solely constitute it become columnar, and form a thickened 
ridge from which the fin-rays doubtless subsequently develop centripetally.* Such a 
mode of development as that above sketched has theoretical bearings of considerable 
interest. These were briefly treated in a former note (vide No. 124a, p. 697), and need 
not be discussed in this place further than to point out that the fin develops as a 
horizontal ridge, in accordance with Batrour’s theory of a primitive horizontal lateral 
fin, and that it is independent of and prior to the formation of a girdle-rudiment. Prof. 
CLELAND, in a paper on the Limbs of Vertebrates (No. 40), emphasised this latter point, 
and further showed that a limb involves two distinct elements—a radiation (v.e., an 
appendix) and an arch, which is not a radiation, but a cincture, which always circles more 
or less round the body, and may be complete above or below. Prof. CLELAND further 
stated that neither appendage nor limb-arch is the property of one particular segment,— 
their position being variable and their nervous supply multisegmental,—points which are 


* Kines.ey and Cony, in the cunner (Tautogolabrus adspersus, Gill), and other authors in various forms, have 
recognised only the lateral fins when they were defined as tubercular pads. The observers named speak of these fins 
as only developed when the embryo is ready to emerge—the tail being free and the capsule loosely surrounding the 
fish (vide No. 78, fig. 51, pl. xvi.). No trace of a continuous lateral fold could be seen, the fins protruding as simple 
outgrowths (p. 210). The extension of the thickened epiblast and hypoblast laterally is, however, a feature common 
to all Teleostean embryos, and a portion of this becomes defined in all the forms studied at St Andrews, and out of 
this defined epiblastic fold the pectoral fins arise. 
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supported most clearly by the development and early condition of these structures in 
Teleosteans. 

From the primary horizontal position (pf, Pl. V. figs. 4, 6, 9; Pl. XIX. fig. 7), 
the fins change to a more vertical situation (pf, Pl. XIII. figs. 1, 6; Pl. XVI. figs. 
6, 8), though still connected by a lengthy attachment to the side of the embryo. The 
mesoblast of the fin-plate may be traced to a mass of cells in which the Wolffian ducts 
Jie, and out of which they are developed (PI. VII. figs. 1, 2). If these ducts, as appears 
to be the case, arise as lateral ridges or diverticula of the somatopleure, then the meso- 
blastic cells of the fins must be pronounced somatopleuric. But no ridge of somatopleuric 
cells, comparable to the Wolffian ridge of higher forms, has been recognised in fishes, and 
we must regard this mesoblast as indifferent, and forming an “ intermediate cell-mass” 
adjacent to the excretory system. The proximity of the Wolffian duct and the base of 
the pectoral fin is very noticeable (Pl. VII. fig. 7). The fins gradually become dis- 
connected from the blastodermic yolk-sac, and about the time that they are free a median 
stratum in their mesoblast assumes a columnar character, and is seen as a transversely 
striated central bar in cross-section (x, P]. VII. fig. 2). This plate (#) is gradually con- 
verted into cartilage, and extends from the base of the fin, where it is thickened almost to 
the distal border, at which it thins out and ceases (Pl. VII. figs. 1-3). Around this fan-like 
cartilaginous plate the adjacent mesoblast develops rapidly, especially near the proximal 
attachment to the trunk, so that a stout peduncle is formed (Pl. VII. figs. 1, 2). 
Viewed from above, in the living embryo, the fin appears as in Pl. VII. fig. 10, the outer 
and anterior margin presenting many protoplasmic processes, which seem to bind it to 
the epiblast over the yolk. The pigment-corpuscles, moreover, may be regularly disposed 
on the fin. Each fin, therefore, consists of a thickened stalk and an outspread distal 
expansion (pf, Pl. XII. fig. 6a), traversed from the base almost to the summit by a 
flattened plate of cartilage which is imbedded in a mass of indifferent mesoblastic cells, 
destined to become the muscles of the limb, and forming the main mass of the peduncle 
(Pl. VII. fig. 7). The basal part continues to become thicker, and later is disproportion- 
ately enlarged, while at the same time the more distal parts expand like a fan, and 
become thinner and more transparent, save where the delicate radial striations pass. 
The part towards the distal border in many forms quickly exhibits pigmentation, e.g., in 
T. gurnardus (Pl. XII. fig. 1), Molva vulgaris, Cottus, and Inparis, radially disposed 
yellow and black pigment-spots being intermingled in the distal parts of the fin in the 
first-named species (Pl. X. figs. 2,3; Pl. XVI. fig. 8), or again, rich orange stripes in 
Inparis (Pl. XVI. fig. 7). 

During the third week after hatching the “ rotation” of the fin has reached a stage 
at which its position is seen to be wholly altered, the original horizontal position (PI. 
XII. fig. 1) being now exchanged for an oblique vertical attachment (Pl. XIII. fig. 
1; PL XVI. figs. 3, 4, 7). The rotation continues until its basal attachment is almost 
perfectly dorso-ventral, and therefore at right angles to its primary position (PI. X. figs. 
2, 3; Pl XV. fig. 2; Pl. XVIII. figs. 2, 10,11). Meanwhile a pectoral bar appears 
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on each side of the thoracic region, extending dorsally and ventrally, forming in fact two 
halves of the pectoral girdle as yet disjoined below. Ryperr distinguishes, before the 
development of the cartilaginous girdle, an oblique pectoral fold (No. 141, p. 520), con- 
sisting of a band of mesoblast, out of which, he states, the girdle develops. There 
appears on each side, therefore, a clear yellowish rod, tapering at its upper and lower 
extremities, and curved like an /,—as in the gurnard on the eighteenth day (cl, Pl. X. 
figs. 2, 3; also Pl. XIII. figs. 5, 6, 7). In Pl. XI. fig. 18, this bar is figured as removed 
from a larval Pleuronectid about three weeks old. The species was not determined. The 
small triangular element attached, though not unlike the post-temporal, is probably the 
coracoid bone. This secondary bar may be readily recognised by its form and position 
as the clavicular element (cl), and it develops in certain species, as in the gurnard, 
the Gadoids, and others, without being preceded by a bar of cartilage-cells, and in these 
forms the basal part of the fin-cartilage is greatly developed, as if preparatory to inclusion 
as a posterior part of the girdle. If the homogeneous, translucent, brittle rod, strongly 
suggestive of chitin, be the clavicle, then the elements behind, which become attached to 
it, must be the scapular and coracoidal portions of the permanent girdle. By the 
breaking-up of the basal portion of the cartilaginous fin-plate the system of basilar 
pieces is formed (Pl. XVII. fig. 5). Kinestey and Conn speak of this proximal car- 
tilaginous thickening as parallel to the axis of the trunk, and as preceding the distal 
rays. ‘This basal skeleton,” they say (No. 78, p. 210), “instead of appearing as a pair 
of rods as described by Ryprr, was rather a broad plate with a central opening, as if 
his rods had united at their extremities.” The same feature was also seen in Lophius. 
There is much obscurity in regard to the development of the ultimate elements of the 
paired fins, and their relation to the axial girdles. The details of this further develop- 
ment, with the theoretical considerations involved in their interpretation, have been 
dealt with by one of us in a special paper.* 

Ventral Fins.—The development of the ventrals will be alluded to when describing 
the post-larval stages (vide Pl. IX. figs. 2,3; and Pl. XVIII. fig. 3). They are late in 
making their appearance in the pelagic forms. 


X. MerHops AND TECHNIQUE. 


I. MetHops.—The ova and embryos are treated according to the usual methods of killing, 
fixing, staining, and cutting. Notwithstanding the large number of methods recommended by 
various embryologists, the ova and early embryos of Teleosteans may still be counted amongst the 
most difficult objects subjected to the microtomist’s processes. The recommendations of various 
investigators are most conflicting, and a perfectly efficient and reliable killing, staining, and 
imbedding process continues to be a desideratum. WHITMAN, after trial of the usual hardening 
agents, “failed to find any completely satisfactory method of preserving the vitellus; even the 
germinal disc cannot well be preserved by any of the ordinary hardening fluids” (No. 159a, p, 152), 
and this agrees with the common experience of investigators. 


nai E. E. Prince “On the Development and Morphology of the Limbs of the Teleosts,” Elizabeth Thompson 
d, U.S.A. 
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The plan followed by Kuprrer (His and Braune’s Archiv Anat. Abth., 1882), HENNEGUY (Bull. 
de la Soc, Philom., Paris, 1879, pp. 75-77), and others involve too many processes to be adopted when 
the species studied are numerous, and the quantity of material is large. 

Various circumstances conduce to render Teleostean eggs difficult objects for treatment—not 
only on account of their small size, pelagic ova being rarely more than a millimetre in diameter— 
but the tough nature of the capsule and fluidity of the contents render the removal of the former a 
most delicate and hazardous task. If hardened before the capsule is removed, shrinking results ; 
and if the capsule be removed before hardening, the egg is more or less disorganised, unless the 
operator be very fortunate. The best sections are those gained by leaving the egg almost intact, 
and by hardening, staining, and imbedding in foto, but this plan is beset by many dangers. On 
removing the egg from the sea-water, and reference is made here to marine ova solely, the capsule 
is carefully pierced in order to facilitate the admission of the various media into which it is to be 
transferred. Save for this puncture, the egg is left entire, and thus it is passed through all the 
processes of killing, hardening, staining, clearing, and imbedding. , 

The paraffin method proved to be the only practical one, other methods, such as imbedding 
in pith, which might serve for large eggs, such as those of the Salmonide, were unsuitable 
for eggs so small and frail as those of the Gadoids, Plewronectida, &c.* Various forms of the 
microtome were used in preparing the extensive series of sections of the various Teleosteans 
considered in these pages—the rocking microtome of the Cambridge Scientific Instrument Company 
being found very useful. The large Caldwell microtome, used in the classes of zoology at the 
United College, and kindly lent by the authorities of the University of St Andrews, was of great 
service ; while the Jung (Thoma’s) microtome was found to be well adapted for older stages of the 
embryos, and for adult ovaries—a series of sections being cut by Dr Scuarrr. The sweeping 
motion of the last-named instrument proved very efficient in cutting through the more mature 
skeletal and other tissues of young fishes, to which task the fixed razor of the English microtomes 
proved unequal—refusing, in fact, to pass through the firm connective and cartilaginous elements. 


II. KiILuine, Fixinc, AND HARDENING—Corrosive Sublimate-—The saturated solution is one of 
the most efficient killing and fixing fluids available in the laboratory, and it kills, fixes, and hardens 
so rapidly that Teleostean ova require to be left in it for a very short time. As soon as the 
penetration of the fluid is complete, they are removed and washed in dilute alcohol, rather than in 
distilled water. Washing must be well done, in order to prevent subsequent deposition of crystals 
in the tissues. The desirability of staining, clearing, and cutting after treatment with this fluid is 
too well known to require any explanation—the best preparations being found to be those in 
which, after killing and fixing, the subsequent operations are immediately proceeded with. A mix- 
ture of two parts corrosive sublimate and one part acetic acid was found to be most serviceable. It 
is a powerful killing and fixing fluid, and produces the best results. For killing, two or three 
minutes usually suffice, and washing is then done in very weak alcohol—the alcohol being 
frequently changed until the killing medium is wholly extracted, and graduated alcohols follow, 
viz., 30, 40, 50, and 60 per cent. 

Picro-sulphuriec Acid (KLEINENBERG). This useful killing and fixing fluid does not produce 
the best results, since it frequently causes the blastomeres in early stages to expand and burst the 
capsule, thus entirely disorganising the embryonic structures. WHITMAN experienced the same 
results (op. cit., p. 152), but occasionally this effect is not produced, and, if successfully killed and 
hardened in this fluid, ova are often found to produce most satisfactory sections. It is, however, not 
reliable. Creosote is added on KLEINENBERG’S suggestion, but apparently without much effect. If the 
ova placed in picro-sulphuric acid maintain their normal shape, they remain four or five hours, and 
then are transferred into 70 per cent. alcohol, which is frequently changed, as it becomes stained by 
the yellow picric acid. When the alcohol is seen to be uncoloured, the ova are then ready to 
be transferred to absolute alcohol, preparatory to clearing. EMERY recommends this fluid for 


* HeNNeEGvy used elder-pith soaked in alcohol and covered with a layer of collodion. 
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hatched embryos, and it is certainly one of the best that can be used for killing and hardening 
them. 

Perenyi's Flwid (Chrom-nitric Solution)—This fluid kills instantaneously, and preserves 
Teleostean ova better than any othcr medium tried; but in the processes subsequent to hardening, 
its action proves defective. The staining fluid is best added during the fixing process, borax- 
carmine being mingled with the solution. Pelagic eggs preserved their form admirably, and 
fixation was apparently most satisfactory, but staining was not very successful, and in the clearing 
and imbedding processes the ova shrunk, and good sections were found to be impossible. With 
some change in the mode of imbedding, this fluid would be most efficient. WuiTman, however, 
states that. he obtained good sections “more instructive than any obtained from eggs hardened in 
other fluids” (op. cit., p. 154). 

Chromic Acid.—The merits of this fluid for killing and fixing Teleostean eggs need not be 
insisted on. It acts perfectly; but the long washing and difficulty of subsequent staining are 
objections. 

Osmic Acid.—Alone and in various combinations osmic acid is much recommended. The fatty 
elements in Teleostean eggs, however, render it a doubtful medium, and no good results were ob- 
tained. MARSHALL used it for the embryos of Scylliwm, which were placed in } per cent. sol. chromic 
acid and a few drops of 1 per cent. osmic acid for twenty-four hours—thence into alcohol. 

Chrom-Platinum.—This mixture is said to be admirable for fixing, but WHITMAN found that 
embryos are often rendered brittle, and contours are indistinct. It is very slow in action, but after 
washing in alcohol, staining is said to be easy and successful. 

Alcohol-Method.—A_ great number of ova and embryos were not subjected to special treatment, 
but were simply transferred from the tanks (sea-water) to 60 per cent. alcohol. In this they were 
killed and hardened, as ordinary museum-specimens are. Much distortion often resulted, yet some 
good sections were made of blastoderms thus simply prepared. The capsule of the egg was 
usually pierced with a fine needle to ensure entrance of the alcohol, stain, &c. 

The graduated series of alcohols was tried, and, producing less distortion, gave fair al. 
The objects were transferred from the sea-water into dilute alcohol, “ Dritteralcohol,” i.¢., 33°3 per 

nt.; thence in 40, 50, and 60 per cent. On account of the small size of the ova, five or six hours 
in each sufficed, extended in the stronger alcohols to ten or twelve hours. 


ITI. Starninc.—Only alcoholic stains were used, and Beale’s solution, if not too newly made, 
gave very satisfactory results. It requires long immersion, rarely less than twenty to thirty hours, 
and is apt to be diffuse, but acidulated alcohol in a short time makes it markedly nuclear. Diluted 
with alcohol, the penetrative power of this stain is increased. 

Borax Carmine (NAPLES formula) is one of the most successful stains—penetrating and nuclear, 
and sections are additionally valuable if, after overstaining, the eggs are placed in acidulated alcohol 
until the surplus is removed. 

Hematoxylin (KLEINENBERG’S).—This proved less useful than might have been supposed; no 
good sections of early blastoderms were obtained after the employment of this stain, but more mature 
tissues were very satisfactorily treated, the stain being of the most pronounced nuclear character. 

On the whole, the carmine stains are found to be the best. 


IV. ImBeppING.—Prior to imbedding, the ova were finally dehydrated by an immersion for two 
or three hours in absolute alcohol, and transferred thence either into benzine, oil of bergamot, 
or chloroform—clove-oil, creosote, &c., not being found to act well. The transference was made 
gradual by the method of GrEsBRECHT. Turpentine succeeded the bergamot, in other cases 
a mixture of the clearing agent and paraffin followed, fragments of paraffin being added until 
finally the objects were transferred to pure melted paraffin in the usual way. Mixtures of the 
hard and soft paraffin, supplied by the Cambridge Instrument Company, were used—the proportions 
varying according to the temperature of the laboratory. Before transferring from the final absolute 
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alcohol, it was found necessary in the case of certain embryos to remove the yolk. In such com- 
paratively large forms as Cyclopterus, Cottus, Anarrhichas, and Gastrosteus, the yolk became so dense 
in the hardening process that the razor of the microtome would not pass through it; hence, by 
dissecting off a portion of the yolk-sac, the enclosed yolk could with care be removed en masse. 
WHITMAN (op. cit., p. 178) recommends Gastrosteus as especially suitable for sections, forgetful of the 
fact that the yolk-mass presents peculiar difficulty to the microtomist*— in contrast to the yolk-mass 
of more delicate ova, such as the cod, whose yolk is cut with ease by the razor. Ova which contain 
large oil-globules, ¢g., Trigla and Molva, are not reliable for cutting, the alcohol removing their 
constituent fluid, and leaving large empty cavities in place of the globules. 


XI. Emspryonic, LARvAL, AND Post-LARVAL CoNDITIONS OF THE Foop FisHEs.t 


Trigla gurnardus,t L.—In dealing with the ova of this species, it has as a rule 
been found at St Andrews that the ripe females are considerably larger than the males, 
but whether this is due to the fact that the males, as in some other fishes, e.g., the 
salmon, become earlier mature, or to other circumstances, is at present undetermined. 
The rate of development of the embryo depends much on the temperature, thus ova 
fertilised on the 6th May hatched on the 13th day, while the embryos escaped from the 
eggs on the 6th day, respectively on 17th June and 5th July 1885. The spawning 
period of this form is thus considerable, viz., from April to June.§ 

The young gurnard, on emergence (Pl. XII. fig. 1), is a glassy transparent 
form with a considerable yolk-sac, the oil-globule (0g) in which is conspicuous at 
the posterior angle, and is surrounded by a thickened layer of protoplasm (>). 
Numerous round pigment-corpuscles of a dull yellow or olive colour, often apparently 
dull greenish, ave scattered over the head, dorsum, and latero-ventral region, but 
they do not extend to the tip of the tail. The dorsal margin of the embryonic 
fin has finely ramose, dull yellow, pigment-spots, with a few intermingled black 
corpuscles. These proceed within the dorsal edge, and may be traced down to the body 
line, a short distance in front of the tail, finally intermingling with the branched pigment 
on that portion of the animal. A similar pigmented area occurs along the ventral fin for 
a short distance. The coloration of the pectoral fin (pf) is very striking, an arch of 
pigment-corpuscles passing across the base of the organ, which, as in the young cod, is 
now erect. Over the yolk, as already noted, many stellate yellowish and a few 
black corpuscles occur, and they often anastomose. We have seen that this 
colouration of the yolk-envelope is characteristic of certain species, the gurnard being 
one, while in others, e.g., cod and haddock, this feature is absent. Besides the opercular 
aperture, a single gill slit (?) at this stage occurs above the heart (Pl. VIII. ‘fig. 8, po), 


* WENCKEBACH, who killed the embryos of Perca in corrosive sublimate, and stained in picro-carmine, alludes to 
this character of the yolk—“ the embryos being very small, and the yolk extremely hard in the preserving reagents . . . 
satisfactory sections are difficult” (No. 157). 

+ The order of convenience only has been followed in this section. 

+ Day (Commercial Fishes of Brit., p. 77) states that the gurnard probably spawns twice a year, viz., in mid-winter 
and mid-summer. If he means that each individual fish spawns twice, there would seem to be no structural grounds 
for the remark. § Mr Scorr found ova of this species in the Moray Firth in January. 
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and the epidermis of the cephalic region is very uneven. The heart (h) has the siphonal 
shape, and the dilated venous end is curved to the right. In some examples a large 
space—RYDER'S segmentation-cavity—is present below and in front of the heart (PI. VIII. 
fig. 6, pd), while in others this space is either much reduced or is not present. In some, 
again, the pigment is less developed than in others, the former possibly having emerged 
at an earlier stage than the latter. The larva at this time hangs in the water with 
the yolk uppermost, the head being often directed downward. 

2nd day.—On the second day the pericardial wall has, in front, shifted downward, so 
that its attachment terminates anteriorly some distance below the junction of the throat 
and the yolk-sac. The latter is diminishing, and has already receded from the rectal 
bend of the intestine. A large lumen is present in the cesophagus, and it distinctly 
passes beneath the eye. The pigment-corpuscles at the margin of the dorsal fin, which 
were at first amorphous, are now finely branched. A very remarkable phenomenon is 
the shortening of the region between the pectorals and the otocysts, coincident with the 
great growth of the pectoral fins. Three branchial arches are distinctly visible, and 
have an oblique dorso-ventral direction, but the slits do not appear to open externally 
at this stage. 

3rd day.—On the third day (Pl. XIV. fig. 2) the chief changes are the increased 
prominence of the snout, which now projects in front of the yolk-sac, the general 
shrinking of the latter, and the very finely branched condition of the pigment-corpuscles 
in the marginal fin, pectorals, and on the yolk-sac (Pl. V. fig. 2a). More pigment, of 
a yellowish colour, now occurs over the mid-brain and round the eye. The reticulation 
of the peculiar pigment-corpuscles of the yolk-sac is conspicuous (Pl. V. fig. 2a), these 
bodies wholly differing in shape from those of the embryonic fin and other parts (PI. 
XVI. fig. 8, those of the trunk being figured on Pl. V. fig. 2). The pectoral fin has 
acquired greater prominence, and its distal margin is rounded. Little change has 
occurred in the outline of the marginal fin. Surface-views still show that the oral 
region is impervious from the widely open mouth to the eye, but the lumen of the 
alimentary canal posteriorly is very distinct. The liver projects prominently opposite 
the posterior border of the pectoral fin. The urinary vesicle (wv) is elongated from above 
downward, and the segmental ducts often appear to enlarge before opening into it. The 
larve at this time show increased activity, and jerk or dart about at intervals, 
apparently for respiratory purposes. In certain cases the well formed and active 
larvee keep near the bottom of the vessel, while the deformed examples float helplessly 
on the surface. They occasionally remain still, hanging obliquely with the head down- 
ward, and gradually descend to rest quietly on the bottom. The fine yellow pigment and 
shining oil-globule in the yolk are diagnostic features. The dead sometimes float as 
minute white objects on the surface, though generally they sink to the bottom. 

5th day.—When five days old the gurnard measures ‘165 of an inch. The eyes 
have a greenish lustre, with black pigment. The ochre-yellow pigment is now chiefly 
confined to the head, yolk-sac—where the corpuscles are finely ramose, the pectorals, the 
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anterior dorsal region, and the base of the mandible, but they are very sparse on the 
opercular and abdominal surfaces. In the region at the base of the abdomen black 
pigment-spots are numerous, while one or two occur on the tip of the snout and along the 
ventral margin of the myotomes. The pectoral fins form a pair of great fan-like organs 
dotted with yellowish pigment and very minute black spots, while delicately branched 
yellow corpuscles occur towards the free margin. No feature is more striking than the 
great development of the pectorals; they project almost at right angles to the body, their 
concavity being directed backward (Pl. X. figs. 2, 2a). They actively move with a 
vigorous paddle-like motion, and aid effectively in progression. 

The tail now shows dorsally and ventrally three ridges which slope in the former 
case upward and backward, and ventrally downward and backward, The mandible 
remains stiff, or is very slightly movable, and as the upper jaw projects, and the mouth 
is wide open, the appearance produced is remarkable and diagnostic. Aeration is suffi- 
ciently provided for by this wide and rigid oral aperture, and the energetic forward 
movements of the fish. In a deformed specimen at this stage the urinary vesicle was 
large, and distended with a large number of minute highly refracting granules. More- 
over, the dorsal blood-vessel (vs) was in course of formation, since rows of comparatively 
large cells formed a definite tract beneath the notochord (n), as was also plainly seen in 
the larval ling (Pl. XV. fig. 1). This specimen was apparently affected by hydrops 
pericardu, for the heart was directed at right angles from the pre-hyoidean region, and 
the venous portion formed a spindle-shaped process attached by a narrow neck to the 
ventral pericardial wall. At this latter end of the heart large rounded globules occurred, 
while the arterial portion was attached in front to the posterior part. of the branchial 
framework. Probably by the dragging down of the membranous attachment of the 
venous end, its spindle-like form was acquired. The yolk is now very much reduced. 

On the following (the sixth) day, the rapid development of pigment greatly obscured 
the internal structure of the young fish. On the eighth day the premaxillary region 
sends out a pair of prominent knobs, theprecursors of the spinous ridge which is subse- 
quently formed. The anus, which has probably been open a day or two, now shows a 
distinct corrugated aperture. The rectum is often swollen, apparently with a watery 
fluid, and its strongly folded walls contract powerfully—expelling a riband of translucent 
mucus containing minute refracting (fatty ?) granules similar to that discharged in the 
tanks by the adult Cyclopterus. The mouth (m, Pl. IX. fig. 5) is still rigid, but widely 
open, and the gullet leads into a pendulous, sacculated stomach immediately behind the 
liver. Thus the course of the cesophagus behind the otocysts is backward and downward. 
The gut leaves the upper border of the stomach, passes along the roof of the abdominal 
cavity, and bends downward to the anus at an angle slightly less than a right angle. 
The whole alimentary canal behind the short cesophagus is thrown into complex ruge, 
which constantly vary with the peristaltic movements of the walls. Above the cardiac 


end of the stomach, and surrounded by the hepatic folds, is the translucent rounded gall- 
bladder. 
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During the following days the black pigment continues to increase, especially at the 
base of the abdomen. At first the radiate corpuscles are separate, but they subsequently 
anastomose and form dense patches. 

16th day (Pl. X. fig. 2)—The great size of the pectoral fins (pf) is the most 
prominent feature at this stage. They are in constant motion, flapping to and fro like a 
pair of fans, and the pigment (pt) on their surface is largely developed. The yellowish 
yolk has shrunk very much, and forms an irregular mass in the pectoral region, the oil- 
globule, apparently undiminished in size, still occupying a posterior position. A large 
vacant space (ss) is left in front of the rectal tract, and a similar large space (ss) occurs in 
front of the yolk. The snout is much elongated, and viewed from above is like a 
truncated cone just as in the adult gurnard. A feature of moment is the comparatively 
motionless condition of the mandible (mn). The marginal fin (ef) shows no differentia- 
tion into definite fin-areas; it is, as compared with the breadth of the body, now 
proportionately narrower. As above noted, the pectorals (pf, Pl. X. fig. 2a) are the 
most noteworthy feature, standing out almost at right angles to the trunk, and so well 
developed that, viewed obliquely, the young fish resembles very strikingly Pegasus natans. 
Under a lens the yellowish pigment is seen to be confined chiefly to the head, pectorals, 
and yolk-area. A few corpuscles occur along the margin of the dorsal fin in front, and 
a few also on the tail ; but the body has fewer of them than previously, finely branched 
black corpuscles alone being present. A later stage (Pl. X. fig. 3), about three weeks 
after emerging from the egg, exhibits much the same features—a chitinous bar being 
prominent in the premaxillary region. The next stage under observation was procured, 
along with a large number of others, while in the Fishery Board tender “ Garland,” and 
the specimens were slightly larger than the last stage described, viz., about 6 mm. in 
length. They clearly were the young of the same year, as they were obtained at the close 
of summer, viz., 3lst August. The great size of the head generally, as well as of the 
eyes and brain, was characteristic, and especially the broad scoop-shaped snout with the 
median “bite.” Behind the head the pendulous abdomen projected like the yolk-sac 
(now almost wholly absorbed) of the earlier stages. The stomach, in fact, was found to be 
greatly distended with minute Copepoda, which form the staple food at this time. The 
pectorals are even larger than in the previous stage; while the marginal fin with its 
embryonic rays continues into the tail fin, which shows the notochord as a median 
slightly tapered axis. From this axis the rays below slant downward and backward, 
while those above lean upward and backward. Those coming from the tip of the 
notochord are short. The ventral rays are larger, and a granular opaque tract below the 
chorda probably indicates the site of the future hypurals. No cartilaginous rays are 
present. The marked downward projection of the angle of the jaw, and the lean tapering 
_ body behind the massive abdominal region are noteworthy features. As the specimens, 
on account of their extreme delicacy, were injured by the pressure of the water against the 
net, it was necessary at once to consign them to alcohol, and their colours were thus 
more or less lost. Large stellate pigment-spots could, however, be distinguished along 
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the dorsal line of the abdomen, and a linear series also passed along the ventral line of 
the body posteriorly. These tiny, though active and vigorous, forms, had already left the 
surface where their early larval life is spent, and consorted with their older brethren 
in the still water of the open sea at 25 fathoms. The next stage, as shown in these spirit- 
preparations, is about 7°5 mm. long, and the chief changes noted are as follow :—The size 
of the head has further increased, and the snout is longer ; moreover, several sharp spinous 
processes project from the occipital area, though those on the operculum are not yet much 
developed. The translucency of the head permits the brain to be fairly seen, and the 
nasal organs are clearly outlined, as well as the facial and branchial cartilages. The 
pectorals form large fan-like organs with pigment-corpuscles thinly sprinkled towards the 
tip. The rays (thirteen in number) are all united by membrane, so that the three 
filaments which are free in the adult must be separated later. While the proportions of 
this anterior pair of fins are great, the upper rays being nearly half the length of the 
body, the ventral fins project as mere buds, so that their use in progression is trifling 
when compared with the same organs in such a form as the young ling (see p. 829). 
Along the ventral margin at the tip of the notochord, which is not yet bent upward, 
three hypural elements are visible, the first being large and prominent, the last merely a 
thin band below the termination of the chorda. Cartilaginous rays now appear in the 
ventral division of the caudal, but are absent in the median and upper portions of the 
fin, in which embryonic fin-rays still occur. In the next stage, one or two millimetres 
longer (2.¢., 8 mm. or 9 mm.), the hypural elements have assumed a broad wedge-shape— 
with an even edge posteriorly and slanting from above downward and forward. Only 
a short process of the notochord is free, and this part is slightly flexed upward. The 
marginal fin still continues from the dorsum to the tail, and the inferior lobe of the latter, 
with its cartilaginous rays, has increased so as to constitute its greater part; while the 
upper lobe, with its embryonic fin-rays, has decreased in size. The great pectorals seem 
to be growing, while the ventrals are also larger, and their rays are variegated with 
black pigment. Upon the head the spinous processes are more distinct. 

When the young gurnard has reached the length of 10 mm, spines not only appear 
on the operculum, the angle of the jaw, and the facial surface, but attain some size, two 
upon the occiput being especially prominent. The long upper rays of the wing-like 
pectorals reach nearly half the length of the fish, while the ventrals show considerable 
growth, and project freely as small fins thickly pigmented with black corpuscles. Their 
length is not quite equal to that of the basal part of the pectorals, which are, compara- 
tively speaking, enormous. The posterior border of the hypurals is nearly straight (in a 
vertical direction), and the free portion of the tip of the notochord has diminished. The 
small upper lobe of the tail continues to decrease, though the delicate embryonic rays are 
still visible in it. The remnant of the marginal fin fringing the trunk shows no carti- 
laginous rays. 

When 15 mm. long, specimens present much the same features as the last stage 


_ (PL XVIL fig. 5), but the nuchal spines upon the occiput are characteristically promi- 
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nent. The head is large, and the body shows an evident increase in size. The first and 
second dorsal fins are still continuous, though their separation is indicated by an indenta- 
tion. Embryonic fin-rays alone are present, those of the anterior moiety or first dorsal 
being short, while the longest rays occur about the posterior third of the second dorsal. 
This is a marked feature when contrasted with the adult, the anterior rays of whose first 
dorsal fin far exceed the others in length and strength. The caudal fin is more distinctly 
separated from the dorsal above and the anal below. JDorsally the marginal fin at the 
base of the caudal almost ceases behind the second dorsal, but ventrally it is broader 
and less distinctly separable from the anal. It still exhibits merely embryonic fin-rays. 
The caudal fin is somewhat conical in shape, being broad at the base and sloping 
to the projecting median rays, and thus very different from the slightly emarginate 
adult fin. 

The hypurals form an almost vertical border from edge to edge, 1.e., dorso-ventrally, 
and the notochord now barely projects from the superior angle. Above the latter several 
linear (opaque) tracts indicate the superior accessory fin-rays, and inferiorly shorter rays 
appear next the hypurals. The anal fin shows fin-rays similar to those in the dorsal 
fin. The pectorals are still of large size, the upper rays being about double the length of 
the lower. The three lowermost rays that ultimately become free filaments are webbed to 
the tip. Black pigment has greatly increased over the fin, especially distally, and a black 
margin passes a considerable distance posteriorly. The ventrals now extend slightly 
beyond the anus. Black pigment-corpuscles have increased over the head, cheeks, 
abdomen, and ventral line of the body. 

Frequently in this and the earlier stages specimens of a Crustacean (resembling the 
young of Caligus) are found fixed to the head or other regions by the long central 
process. 

When the gurnard attains a length of 17 mm., the caudal fin is separate from the 
second dorsal, and has several accessory fin-rays. It is also free inferiorly, but the 
separation is marked by a gap behind which a portion of the marginal fin runs on to join 
the caudal, where the accessory fin-rays begin. The most prominent part of the caudal 
fin is still the median border; but the complete separation of the anal and dorsal fins, 
and the growth of the superior and inferior fin-rays, produce a great change in its 
appearance. The first dorsal is not quite wholly separated from the second, and its rays 
are considerably longer than in the foregoing stages, while the posterior rays of both 
second dorsal and anal are longer than the remaining rays in these fins. Black pigment 
is scattered over the entire surface of the pectoral fins, extending, indeed, as far forward 
as the border of the branchiostegal region. The lengthening of the body beyond the tips 
of the pectoral fins causes the latter to appear somewhat shorter. No separation of the 
three anterior filaments of these fins has yet occurred. The ventrals have grown slightly, 
and extend a little further beyond the anus. The branchie are now much more definitely 
pinnate than hitherto, and resemble the barbs of a growing feather. 

At the next stage demanding special notice, the young fish measures about 21 mm. 
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in length, and in form closely approaches the general appearance of the adult.* The 
spines on the head are, however, proportionately larger. The first dorsal is appreciably 
larger, its supporting spines stronger, and their tips project beyond the connecting 
membrane, while a deposit. of pigment has appeared in its median region. The 
posterior fin-rays of both dorsal and anal fins have increased in length, so as to cover, 
when depressed, most of the space intervening between the second dorsal and the caudal. 
A row of prominent conical papille, larger posteriorly, extends along each side of both 
dorsal fins. A series of more minute papillze marks the lateral line. By a further 
development of the parts of the tail-fin at the dorsal and ventral accessory fin-rays, the 
outline of the tail becomes less conical, and the posterior border is now, indeed, 
distinctly truncated. The caudal fin is, in fact, much longer than broad at this stage. 
The pectoral fins, though still large, appear of less size on account of the continued 
growth of the trunk, as well, probably, as from atrophy of the upper or long rays. 
The pigment-corpuscles are, moreover, definitely grouped upon the pectorals—forming 
a basal and two distal bands, the latter conspicuously colouring the expanded fin. The 
three inferior rays are larger than the others, but still connected by membrane. The 
ventrals now extend considerably beyond the shorter pectoral rays. In some examples 
several of the parasites (Chalimus-stage of Caligus) occur on the cephalic and hyoidean 
regions. The pinnately fringed branchize show greatly increased complexity. 

A specimen, 22 mm. in length, procured in St Andrews Bay, Aug. 23, 1886 (Pl. XVII. 
fig. 7), presents considerable increase in the pigment of the various parts, a feature 
probably connected with its life in the shallower waters of the bay, where the sunlight 
has more direct access. The pectoral and dorsal fins, and general surface of the trunk 
and head, are boldly marked ; indeed, the little fish is most vividly tinted. Moreover, 
it is important to note that the three stronger radial filaments of the lower anterior 
border of the pectorals are now separated, and during confinement, for a short period, 
the connecting membrane was observed still further to disappear, as shown in the figure. 
Though very slightly longer than in the preceding stage, the pectoral fins are propor- 
tionately shorter, while the first dorsal and ventral are somewhat longer. The appear- 
ance of the fish, viewed from above, is shown in Pl. XVII. fig. 6. 

When a few millimetres longer (e.g., 24 mm.), the spines on each side of the dorsal 
fins, and along the lateral line, are very distinct. A trace of the connecting membrane 
still remains at the bases of the three free filaments of the pectoral. 

Next season the young gurnards appear to reach the length of 2? to 3 inches in 
June, though others range to 4% and 63, but whether the latter and those reaching 
44 and 64 inches in May are older forms of the same season, or belong to.a previous 
one, has not yet been determined. It is probable that all may be included in the 
season's growth. 

Gadus morrhua, L.—The ova of the cod are very abundant in many parts of the 


* In a specimen whose total length was 20°56 mm. the following proportional measurements occurred :—Head, 
‘5 mm.; tail, 5 mm.; longest feeler, 5 mm.; trunk, 10°5 mm.; pectoral, 6°2 mm.; breadth of head, 3 mm. 
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sea at both surface and bottom from March to May,* and have a diameter of ‘0551 inches 
or 1375 mm. The embryo emerges from the 8th to the 10th day in April, and in 
May somewhat earlier. 

Thus those which on the 16th April presented the multicelled lenticular stage with 
the nucleated periblast surrounding the disc, next day, at 9.30 a.m., showed a still 
larger number of nuclei in this zone, which, however, at.1 P.M. had all but disappeared, 
while the blastodermic ring had increased in size. On the 18th April the blastodermic 
ring extended over a third of the surface of the ovum, and two hours later it had gained 
the equator. At3 p.m. the keel of the embryo had deepened, and faint indications of the 
optic enlargements were visible, while at 4 p.m. they were completed.t At 10 a.m. on 
the 19th the embryo was fully outlined, with five or six protovertebre. The blastopore 
had closed, and there were traces of Kuprrer’s vesicle. At 12 noon the protovertebre 
had doubled, and Kuprrer’s vesicle was more distinct. The invagination of the lens had 
commenced, and the alar membrane of the embryo was distinct. 

20th April.—The eyes, otocysts, and mesenteron (which turns to the right) had all 
made progress, and the heart showed a double-celled appearance at 3 p.m. The otoliths, 
at first very small, occurred at 4 P.M., and the pectorals were outlined. 21st April. 
The body of the embryo jerks from side to side, and the heart pulsates languidly and 
uregularly (about 3 p.M.), the contractions, however, sometimes ceasing for fifteen or 
twenty seconds. The trunk has lengthened and the caudal extremity is flexed. The 
pectorals are more distinct, and the delicate processes anterior to the fins (observed in 
most forms) still persist. The mesenteric lumen extends as far as the heart, and 
enlarges in the mid-region. The notochord is now completely crossed by intermingling 
arcs. 

22nd April.—tThe posterior region of the trunk and tail are now flexed, and the yolk 
appears to have decreased. The pectorals are well defined and pointed posteriorly, 
while the anterior margin is rounded. The liver forms a rounded process, the heart 
shows a venous end, and the pulsations are more regular (twenty-five per minute). 
Round chromatophores (black) have appeared on the head and dorso-lateral regions of 
the trunk, but they have no regular linear disposition. 

23rd April__The eyes show pigment, and that over the body has increased. Three 
branchial clefts and the nasal pits are visible. The violent motions of the embryos 
indicate their advancement, and a few issued from the eggs. The empty capsules retain 
their spherical shape, though a rent passes two-thirds across their diameter. 

24th April.—Five-sixths of the embryos are still in the eggs. They present a similar 
appearance to the previous day, though the increasing complexity of the branchial region 
is evident, and four clefts are visible. Some of the chromatophores on the head are 
stellate. 


* Mésrus and Herncke state that the cod in Kiel Bay spawns from January to the end of March, but in other 
parts of the Baltic, e.g. Gothland, in April; op., cit. p. 233 (1883). 
+ The temperature of the laboratory was 59° F. 
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25th April._—Further changes occur in the pectorals which are bluntly lanceolate, 
and in the pigment which in the eye has a bright bronze-like hue. The urinary vesicle 
and other viscera are advancing. 

The newly hatched cod float on the surface of still water. When a current of air is 
directed against them some wriggle aimlessly about, others, probably less robust 
specimens, float helplessly in the water. The yolk-mass is often uppermost, though some 
of the stronger carry it inferiorly. Im many abnormal forms, which have a slightly 
distorted or curved appearance, the yolk lies laterally on the surface of the water. 
Four pigment-patches diversify the transparent body of the young larva, one behind 
the pectorals, one towards the posterior border of the yolk, and two on the tail. The 
disposition of these bands of pigment is well seen when the larve are placed in sea- 
water in a white porcelain vessel (Pl. XIX. fig. 8). The larval coloration is temporary, 
and differs in arrangement from that in the next and subsequent stages. 

27th April.—The free larve are very active, swimming forward in a straight course 
with considerable speed. When at rest, however, they often lie on the side, or float with 
the yolk uppermost. The snout has become free from the yolk-sac to some extent, and 
the oral aperture has burst through. The otocysts have approached the eyes. The yolk- 
sac is still large, but the breathing chamber anteriorly has expanded. The distinctive 
patches of pigment can now be made out on the trunk. In several advanced specimens 
the circulation was visible, the corpuscles passing along the dorsal aorta and returning 
after traversing about a quarter of the length of the tail. 

28th April.—The circulation can be traced two-thirds along the tail, and though a 
definite branchial circulation cannot be made out, a confused movement of corpuscles 
having the appearance of a plexus occurs posterior to the otocysts. The larval cod swims 
in straight lines, and now keeps the yolk-sac inferior. 

29th April.—The general outline is altered, the upper jaw projects beneath the eye, 
and a depression divides it from the olfactory enlargement superiorly. The mandible 
extends a little beyond the upper jaw. The yolk-sac has much diminished, the folds of 
the mesenteron have increased, and the branchial system become more complex, while 
the aorta proceeds almost to the tip of the tail. 

30th April.—tThe dorsal median fin now begins over the mid-mesenteric region, and 
the cuticular tissues in front form an expanded cap over the head, covered with papille. 
This is the ‘integumentary vesicle” or “lymph-space” of Rypgr, who mentions 
homologous structures in the Spanish mackerel and other forms. He does not now 
consider this as an extension of the median dorsal fin-fold, which is never carried to the 
front of the head. It is very characteristic of the gadoids as well as of several 
pleuronectids. 

1st May.—The development of the pectorals is marked, and they are slightly angular 
in front, rounded posteriorly. They are brought to the sides, and by a wriggle of the tail 
the fish progresses. : 


2nd May.—The larval cod are now about 4°5 mm. long, and though their dis- 
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advantageous surroundings have diminished their vigour, they still make active forward 
movements, and often rest on the bottom. The yolk-sac has almost disappeared. An 
almond-shaped mass lies along the floor of the abdominal cavity. The alimentary canal 
appears to be shortened, and still shows the constriction at the pylorus. No anus has 
yet appeared. The urinary vesicle is unaltered. | 

RypEr* states that the larval cod has the integument raised above the head, and that 
a large serous cavity or supra-cephalic chamber is formed, which appears to serve as & 
float, but the latter interpretation is doubtful. The fish swims horizontally, but when at 
rest has an oblique position, the tail pointing backward and downward. The sub- 
epidermal space is very prominent in older specimens three or four weeks after emerging, 
and they are then very strong and vigorous, usually frequenting the bottom of the tank, a 
habit inconsistent with RypER’s view just stated, and shooting rapidly through the 
water, the large iridescent silvery eyes being the feature most readily seen. They 
dexterously escape from the forceps or other instrument used for their capture, and do so 
with considerable intelligence. The pectorals are large and strong, and the larval cod 
can direct its course with great agility and speed. The mandible and hyoidean apparatus 
project considerably, and the abdomen is hollow and shrunken (Pl. X. figs. 5, 5a). 
The lateral view resembles a Chinese caricature of a fish, or a malformed trout, such 
as indicated by Acassiz and Voet,t this effect being produced by the curvature and 
size of the head. The anus is lateral in position, and has not yet reached the ventral 
margin. 

It occasionally happened that favourable circumstances enabled us to rear an example 
to a somewhat later stage. Thus, for instance, one in which the yolk had wholly dis- 


appeared on the 31st May, though the length was only about 4 mm., presented a marked 


enlargement of the head, chiefly from the great increase of the hyomandibular apparatus 
and the projection of the angle of the jaw. Moreover, the upward slope of the mandible, 
so marked at a later stage, was now characteristic. When viewed ventrally, indeed, this 
formed a high wall on each side of the hyoidean region. The body was comparatively 
massive. The cephalic “vesicle” had disappeared, but the broad marginal fin still 
surrounded the fish, and in the tail fine embryonic fin-rays occurred inferiorly. A few 
also were indicated at other parts of the fin both dorsally and ventrally. Behind the now 
open vent a rounded margin appears in the ventral fin. The pectoral fins are very large, 
and show a finely radiate basal (mesoblastic) region, and a fan-like membranous distal 
portion. The snout in a lateral view is prominent, with a deep hollow above the pre- 
maxillary region. The eyes are large, deeply pigmented, and with the bluish silvery 
sheen so well known at a later stage. Close behind the eyes are the large otocysts with 
the otoliths. One of the most interesting features at this stage is the evolution of the 
coloration of the early post-larval stage out of the four dark bands so characteristic of 
the larval form. At the stage now under consideration the little cod has only two 


* Science, vii. 1886, pp. 26-29 (fig. 1). 
+ Hist. Nat. des Poissons deau douce, taf. 3b. 
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well-defined bars behind the abdomen—by a partial coalescence of the dorsal and ventral 
masses of pigment; the others have been modified into a band of black pigment, which 
passes along the roof of the abdomen, and if somewhat younger forms be examined 
the steps leading to the coalition of the two pigment-touches are clearly demonstrated. 
Various black chromatophores occur on the head, at the angle of the mandible, and on 
the ventral surface of the abdomen. There is thus already a change of pigment, and it 
is easily seen how the post-larval colouration develops normally from the condition just 
described. 

The scanty supply of suitable nourishment and the indifferent nature of the 
surroundings (for the water in tanks is very different from the freely aerated and 
healthy oceanic water) probably retarded growth to a considerable extent. Those 
of 4°5 mm. in length, however, were brought within a very brief distance of the forms, 
6 mm: long, caught by the mid-water net in the bay. 

Between the stage above mentioned and the appearance of the young cod in shoals at 
the margin of the tidal rocks, there has been in this country till now a blank more or less 
complete, only a stray specimen or two—half an inch long—having been captured 
in the tow-net near the surface. The observations of the last two seasons, and 
this with the large mid-water net,* have, however, advanced the inquiry within a 
measurable distance of completion. By employing the net during the winter, as well 
as during the spring, summer, and autumn, most of the intermediate stages were pro- 
cured. 

For some years the efforts of one of us have been directed specially to the 
elucidation of the history of the present species in its young condition, as the account 
given by Professor G. O. Sars for Norway was not applicable in all respects to the 
British Seas. In 1886, indeed, some remarks were made on the young stages of the 
cod, which Professor Sars had captured, at the surface of the sea, some years ago, 
in April amidst quantities of the “herring-food,” viz., Calanide, ¢.g., Calanus fin- 
marchicus and Temora longicornis, species which abound under similar circumstances 
in our own seas. Besides the points indicated in the paper just mentioned it may 
be noted that on the 12th of June Sars found “that the clear and undivided 
embryonic fin surrounding the whole body had already in part dissolved into the 
first and second dorsal, and a small barbel was present.” On the 5th of July, again, 
they were discovered along with young haddock, shorter and stouter in shape, under 
Aurelia aurita and Cyanea capillata, as well as under pieces of Algze; and he con- 
sidered that they associated with the Meduse for the sake of the benumbed animals 
and the parasitic Hyperie. It must, however, be borne in mind that in our seas 
Hyperiz (e.g. Parathemisto) are frequently found in a free condition and in very great 
numbers. Similar young cod were found at Lofoten in the stomachs of pollack 
(Gadus pollachius), shoals of which surrounded them, chased them to the surface, 


* Vide Ann. Nat. Hist., Oct, 1886, p. 310. 
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where they were thus put within reach of the gulls as well as the pollack themselves. 
On the 3rd August the shoals of young cod, 2 inches and upwards in length, presented 
the following external colouration :—Three or four parallel limes of square spots, reddish- 
brown and more or less bright, extended along the sides, which with the head showed 
an alternating silvery or golden gloss. Sars thinks that they are driven shorewards 
when 2 or 3 inches long, by wind and currents, and seek protection from the pollack 
among the Algz at the bottom. Moreover, it would appear that the shoals succeeded 
each other, since they went off as they grew older. In the beginning of October, 
having attained the length of 4 or 5 inches, they grow more rapidly, reaching in 
the middle of Nevember the length of 6 inches, while on the 10th of December they 
measure 6 inches to 8 inches. Towards the end of winter they decrease in numbers. 
Sars states that the last fishes to appear amongst the Algz were no larger than the 
first, and that there must of necessity be a succession of shoals. Indeed, he describes 
two varieties, viz., the thickish, reddish-yellow kind, living chiefly amongst the Algae, 
and swallowing large numbers of reddish crustaceans, and a second kind of a light 
green or greyish shade frequenting sandy ground, where the Crustacea mentioned were 
rare—these thinner fishes living on Annelids and young Cott:. Towards the end of 
February he followed them further out to sea, and found them measure on an average 
12 inches, and he was of opinion that the “ Alge-fish” were one year old. The 
greatest number of these “ Algw-fish” (1 foot long) are caught, it may be noted, in 
summer; but towards autumn their numbers are fewer. Accordingly, Sars concluded 
that the ‘going out” takes place in the second year, and that three years, or at most 
four years, hardly elapse before the fishes return to their native sites as full-grown 
cod, ready to reproduce their species. Considerably larger fishes than the forms found 
in February (1 foot long) he estimated at two years old, and in these the generative 
elements were found at Lofoten not to be fully developed, the smallest breeding fish 
being nearly 1 yard in length. On the other hand, he had seen young cod 1 foot in 
length in the fish-market of Christiania, which had mature roe and milt. 

Hitherto no very young gadoids have been captured in January, February, or March, 
and it is the end of April before such appear; indeed, they are more surely obtained in 
May in St Andrews Bay. Moreover, it does not follow that the smallest always occur in 
the earliest months, for some are found in May as small as any in April. The least of 
those hitherto secured was about 5 mm., several having been captured on the 30th April, 
and others of the same size on the 19th of May and 1st June. Now the little cod reared 
in the laboratory to a certain stage are about three-fourths the length of this on the 9th 
May, and though we cannot antedate the spawning period of the cod from personal 
observation sooner than March, there is no reason to doubt the occurrence of an earlier 
issue of ova and spermatozoa in some cases; indeed, the general variability would hold. 
This, and the differences in the rate of growth known to occur even in those spawned 
at the same moment, give us the somewhat wide range in size with which we are familiar 
in the group. 
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A fortunate sweep of the trawl-like tow-net on the lst June gave a complete series 
of fresh specimens, from the form just described to other stages formerly seen. The 
smallest cod were 5 mm. in length, but they were even younger than the somewhat 
stunted specimens reared in confinement. They had the two post-anal bars, the sub- 
notochordal black band, and the scattered spots on the head and jaws; and they were 
further characterised by the greenish-yellow colouration on the head and snout, as well as 
along the dorsal region of the body, a feature so marked at a somewhat later stage; the 
swim-bladder (which appeared to have a short or rounded form) was distinct. The tail 
and marginal fin did not differ from the stage mentioned on the previous page. Almost 
the same remarks apply to those 6 mm. in length, some of this size presenting a 
pinkish abdomen from the oil of the minute copepods they had swallowed. At 7 mm. 
the marginal fin has many embryonic rays ; moveover, the two post-anal pigment-spots 
have spread out, so that they form a dorsal and a ventral band, though two denser regions 
indicate their former condition ; a median line also occurs laterally. The yellowish-green 
tinge is better marked. 

In small forms 6 mm. long in spirit, and probably corresponding to the stage last 
mentioned (7 mm. when fresh), the marginal fin is quite continuous, commencing 
ventrally behind the well-formed anus and passing round the tail to a point on the 
dorsum a little in front of a vertical line from the vent, though in front of this a 
membranous margin projects a short distance, indicating probably a further extension of 
the fin. Fine embryonic rays are present throughout, except in the caudal region, where 
slight linear thickenings dorsally and ventrally indicate the commencement of the 
permanent rays. The pectorals are large, with a chimeeroid base and a fan-like membrane 
with embryonic rays. No trace of ventrals is visible. The mandible is bent upward 
when closed at a little more than a right angle to the body, and the angle of the jaw is 
very prominent. The eye shows a notch dorsally, and a well-marked choroidal fissure 
inferiorly. A little black pigment exists on the snout and the top of head, and along each 
side of the dorsal and ventral marginal fin, while a streak also occurs in the middle line 
laterally in front of the tail. The same pigment appears in touches on the prominent 
edges of the mandible, and along the ventral surface of the abdomen. 

In the beginning of May again, and also the Ist of June, similar forms are 
encountered, ranging from 8 to 10 mm. and upwards. The youngest of these, 8 mm. 
in length in spirit (Pl. XIX. fig. 2), still presents the embryonic fin from a point on the 
dorsum distinctly behind the vertical from the pectorals all round to the vent, the tail 
as yet showing no special differentiation. At points, however, corresponding to the two 
posterior dorsals and the two anal fins, thickenings—indications of the adult fins just 
mentioned—beyond the body-line are noticed, at the base of the embryonic fin. Beyond 
these rudiments the embryonic fin is unaltered. The tail forms a perfectly symmetrical 
organ, convex posteriorly, and having the notochord as a straight, tapering, and translucent 
streak in its centre, with the hypural and epiural elements disposed ventrally and dorsally, 
and so equally that the whole presents a lancet-like figure in the middle of the tail. 
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A little pigment exists in the interspaces of the rays over a limited area dorsally and 


ventrally. The pectorals have a large—almost semicircular—basal region, and a fan- 
shaped series of rays distally, so that they are still powerful, but the ventrals are visible 
only as two minute ventral papille on the throat in front of the former. The body and 
tail have increased considerably in bulk, but the head and anterior region still remain of 
great proportional size. The angle of the mandible is prominent, and the jaw has the 
larval slope upward and forward. The eye retains its great size. The black pigment 
occurs on the top of the head—on which the chromatophores are now larger, along the 
base of the dorsal, and less distinctly along the base of the ventral marginal fin, with a 
streak in the middle line of the body towards the caudal region. The only other pigment 
is in the abdominal region—from the top of the pectoral in a line downward and back- 
ward to the anus, and this for the most part is internal. Yellowish-green pigment also 
occurs here and there all over the surface, so that the animal when living presents a 
greenish translucent aspect, and it is also noteworthy that the dorsal pigment is in two 
sections on each side, thus indicating the two original spots. The eyes at this stage are 
proportionally large, as in others of the group, of a bluish silvery aspect, and with 
a dark arch of pigment superiorly. The bluish sheen is probably due to interference, 
and not to any special pigment. ‘The abdomen has a slightly pinkish hue from the 
Crustacean food which filled both stomach and intestines. The branchize show simple 
papillee. 

At a somewhat older stage (Pl. XIX. fig 3) the three dorsal fins are distinct, as also 
are the two anal. It may be noted also that the first dorsal develops somewhat later than 
even the two succeeding fins, that is to say, it presents only a thickening, while they 
have rudimentary rays—for instance at a length of 10 mm. and 13 mm. In the latter 
the swim-bladder assumes a more elongate aspect. The ventrals show more evident rays, 
the growth of the body and head diminishes the proportional size of the eye. The snout 
is longer, so that the mandible bends less obliquely upward than in the previous stage. 
The blackish pigment has increased on the lines formerly mentioned, and also at the base 
of the abdomen, While in the earlier stages the tail of the young cod presents a straight 
notochordal process posteriorly, it now (at and near three-eighths of an inch in length) 
shows a distinct upward bend apparently from the development of the hypural elements 
inferiorly. The tapering tip of the notochord issues therefore from the upper part of 
the pointed central mass, the shape of the region, however, marking the usual 
transformation caused by the shifting of the ventral margin to the posterior region of 
the tail.* 

A month later, viz., on the 1st June, considerable progress had been made in the 
growth of the young cod, which were caught both in the trawl and in the mid-water 
net, sunk 3 or 4 fathoms in 6 or 7 fathoms of water, showing that these fishes gene- 
rally seek the lower regions of the water. The length of the smallest was about }§ 


* The great length of the notochordal tip (embryonic tail) in Lepidosteus is noteworthy (BALFour and PARKER, 
op. cit., p. 374). 
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inch. The pigment is not yet arranged in transverse bars, but has the character 
described in the earlier stages, being chiefly grouped on the head, along the dorsum, and 
on a lateral line. Stellate pigment-spots are somewhat thinly dotted here and there on 
the sides. Moreover, in several, after preservation in spirit, the pigment-corpuscles on 
the head show a central nucleus, then a pale area, and externally a ring or border of 
black pigment, the whole presenting the appearance of minute mosaic work. The 
abdomen in all is tinted of a pale orange hue from the Crustacean food which distends 
both stomach and intestines. The same food is eaten by the small sand-eels, young 
armed bullheads, and other fishes captured with them. The ventrals are now well formed, 
and show the elongated outer rays, though these are less developed than in a subsequent 
stage. Glancing generally at the contour of the fish the origins of these fins (ventral) 
also appear somewhat further forward than in the later stages. The barbel is now 
distinct, though it is less conspicuous from length than thickness. 

As the fishes get larger (? older) there is a distinct aggregation of the black pigment 
along the sides, and the appearance of a brownish tinge in the skin on which these 
pigment-specks rest. These young cod are paler than the young green cod, from which 
they are also distinguished by the size of the barbel (which is very small in the green 
cod), and the longer snout in front of the eye; while the appearance of the pigment-spots 
along the sides at once removes any ambiguity. Moreover, the eye of the green cod 
is somewhat larger, proportionally, than that of the cod, probably from the shorter snout, 
and the mandible in the former is longer, when each is about 1} inch in length. The cod 
also soon shows a series of pale dots, from 4 to 6 in number on each side, along the 
dorsum, and the general habit of the fish differs quite from that of the green cod, as 
formerly mentioned.* Spirit-specimens, about 14 inch long, are readily discriminated 
from the green cod by the pigment-bars and pale areas, and the barbel, as well as by the 
general sprinkling of pigment-corpuscles over the entire area in the green cod. The fins 
in the young cod vary considerably in regard to pigment, many presenting at this stage 
a slight marginal black band, but as a rule they have much less pigment than in the 
green cod, which, moreover, shows grains of yellow pigment in the dorsal fins, and to 
a less extent in the first anal. 

ALEXANDER AGASSIZ mentions and figurest two specimens, probably of the common 
cod, 20 and 28 mm. in length respectively, the former without the pigment-bars, devoid 
of a barbel, and with the median fins still somewhat continuous, the latter with long 
ventral fins, pigment-bars, and the general feature of the adult. As a rule the cod of our 
eastern shores show the characters of the adult before reaching so great a length. More- 
over, instead of simple ventral pigment-bars, the dice-like pattern of the pigment is 
diagnostic.} | 

The young cod which, in company with the green cod (Gadus virens), frequents the 

* Ann. Nat. Hist., Oct. 1886, p. 307. 


t Proc, Amer. Acad. Arts and Sci., vol. xvii. p. 286, pl. viii. figs. 4, 5, 1882. 
t Vide Fourth Report, Fishery Board for Scotland, and Ann. Nat. Hist. 
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rock-pools of St Andrews in June and July, often hang in the water obliquely with their 
heads downward against the current. Their food at this time, when they measure 13 
inch to 1f inch in length, consists of copepods, larval cirripedes, sessile-eyed crustaceans 
(larval), small annelids, and Campontia, while the green cod, in addition to that food, 
feeds upon minute Mollusca, e.g., Homalogyra rotata, and various species of Ostracoda. 
The cod is less shy at this stage than the young green cod, and it is captured with less 
difficulty. 

Viewed from the dorsum they have a general pale olive-green colour. The sides 
are iridescent, with a pretty pinkish pearly lustre. The upper surface and sides of the 
head to a level with the eyes are studded with dark pigment. A regular series of dark 
pigment-spots runs along each side of the median dorsal line to the tip of the tail. 
About eight dark blotches occur on looking at the median lateral line, and as these are 
flanked by other dark patches in the upper lateral region, they give a very characteristic 
appearance to the fish (Pl. XVII. fig 8). This upper lateral region, just below the lateral 
line, shows behind the operculum nine dark spots. The first three are continued on the 
silvery belly, and then cease. The rest have connections with a series of median spots 
(five in number) in the middle line—bands, in several instances, passing from two upper 
spots to one lower median, or again bifurcating inferiorly. The ventral median line has 
on each side a band of pigment, continuous with the bars just described; but the pig- 
ment-corpuscles are less distinct than along the dorsal lines, except opposite the base of 
the vertical fins, where the pigment is quite regular, and corresponds with the base of each 
ray. The first two dorsals have the blackish pigment towards the tip best developed on 
the membrane between the rays, the basal region being pale. The third dorsal has only 
a little black pigment. A trace of pigment also occurs towards the commencement of the 
anal fin. Blackish pigment is scattered on the sides and under surface of the mandible, 
and a thin dark streak passes backward in the middle line. The eyes are of a pale 
olive-green hue, with dark specks of pigment. The upper opercular region, and the 
surface above the cerebellum, are of a pale pinkish colour, due to the blood-vessels 
and the brain beneath. The vascularity of the latter seems to be considerable. The 
opercular region and the body are silvery. The pointed teeth are very evident in the 
jaws. 

The later stages have been dealt with in former papers, and need not be alluded 
to at present, except in regard to Ermer’s* notion that the markings in animals are 
primitively longitudinal. Now the young cod is conspicuously speckled in its earliest 
stage, and is rather pale and.translucent in its next condition, the pigment which forms 
the transverse bars gradually grouping themselves on a somewhat pale surface, without a 
trace of longitudinal bands. In many other fishes, both round and flat (Pleuronectids), 
the same arrangement obtains, so that Haake had good grounds for demurring to this 
view from the study of the Australian fish Helotes scotus, which in the adult is marked 
by eight longitudinal bands, while young specimens have in addition a row of clear 
* Zoolog. Anzeiger., viii., 1885, pp. 507-8. 
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transverse bands which disappear when they attain maturity. In one fish, viz., the ling, 
the post-larval stage is uniformly tinted, the next stage longitudinally striped, the third 
transversely barred, while in the adult it is uniformly tinted as in the older post-larval 
condition. No rigid rule can thus be held. 

Gadus aeglefinus, L.—The ova of the haddock are about ‘058 in., varying a little, e.g. 
from 1°65 mm. to 1°55 mm. The development of the embryo ranges from six days in 
June to twenty in March.* Thus a series received from Granton presented on the 
second day (22nd March 1885) a blastodermic cap ‘4 mm. in diameter. It reached the 
equator on the fourth day. While the keel of the embryo indents the yolk, the head is 
defined, and everywhere shows further progress. On the fifth day the optic enlarge- 
ments are distinctly outlined. Faint indications of protovertebree (four to five in number) 
appear in the anterior caudal region, and scattered black pigment-specks show on the 
sides and dorsum. On the seventh day, at 9 a.m., the blastopore had closed, but 
KUPFFERS vesicle was not apparent till next day. The lenses of the eye are fully 
formed, and the heart is represented by a granular patch. On the tenth day the various 
regions of the brain were defined, with the nasal pits, the otocysts, and an opercular 
cleft ; the liver is indicated on the ventral aspect of the alimentary canal. No cavity is 
visible in the heart; the latter pulsates on the eleventh day about ten times per 
minute, though occasionally a little more rapidly, and shows a somewhat triangular 
cavity. 

The pigment-spots are more numerous and more elaborately stellate on the twelfth 
day, especially on the dorso-lateral regions above the pectorals. A lateral fold arises 
behind the latter anu passes along each side. The lumen of the mesenteron has notably 
enlarged next day on the dorsal side of the liver, but it diminishes very much as it 
approaches the cephalic region. On the fifteenth day the cephalic region has increased 
in size, and the body has considerably lengthened. Embryonic rays have appeared 
in the marginal fin. The heart pulsates on the seventeenth day about thirty times 
per minute. The eyes have a punctate appearance from the development of pigment, 
and the first branchial cleft is distinct. On the eighteenth day the eyes have black 
pigment. A second branchial cleft occurs on the ventral side of each otocyst. The 
liver has largely increased and projects into the yolk-sac. The pectorals show a distinct 
rim. The alimentary canal is filamentary anteriorly, and ends blindly in an enlarge- 
meut posteriorly. Three branchial clefts are visible on the nineteenth day, and the 
pulsations of the heart are forty per minute. A buccal chamber is continuous with the 
mesenteron, which has a flexure to the right of the embryo. The segmental ducts and 
the urinary vesicle are well advanced. 

The embryos emerged on the twentieth day 3 mm. in length, and with a yolk-sac 
‘5 mm. in its long diameter. They attempt to progress with the yolk-sac downward, 
but at rest. are inverted. The black pigment-corpuscles are grouped somewhat densely 
behind the otocysts, and extend backward a little beyond the commencement of the 

_* In contrast with the ova fertilised on the 24th April, and hatched on the 3rd May—that is, in nine days. 
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intestine. A line of the chromatophores passes along the infero-lateral region from the 
beginning of the mesenteron to near the caudal tip, and a few exist on the dorsal part of 
the abdominal region. A fourth branchial arch is visible. A delicate polygonal proto- 
plasmic meshwork occurs over the surface of the yolk, as in the flounder. The walls of 
the heart are thinner, and cellular strands pass backward to the liver. There is neither 
mouth nor anus. The alimentary, renal, and other organs have been further developed 
on the third day (of freedom), and the urinary vesicle sends down a fine strand of cells, 
the precursor of the urino-genital tube. On the fifth day rapid elongation of the 
skeletal elements of the mandible has occurred, the head has been raised, and the cranial 
flexure diminished. The point of the snout is now in the same line as the ventral 
margin of the liver. The abdominal pigment has increased, but there is little change 
in the rest. The oral chamber has now burst through. The otocyst presents a ridge 
growing up from the floor, and a chamber descending from the roof, the otoliths lying 
on each side of the former. A lenticular mark indicates the anterior nares. The 
mouth gapes, but only erratic movements of the parts take place. Next day the 
mandible protrudes further, and the branchial and hyoidean arches are prominent. The 
yolk-sac is oval and much diminished. On the seventh day blood began to pass into 
the heart, but the death of the embryos arrested further examination. 

The newly hatched larve of this species are very small, about 3 mm. in length, 
and irregularly pigmented with black. They emerged in June, in about six days after 
fertilisation, and are very active when free. In a week they are difficult to see when 
resting on the bottom, and if stimulated they glide rapidly, seldom rising above the 
bottom, or at any rate rising very little, and progressing with a jerking motion, the yolk- 
sac being inferior. When at rest in the water, the head hangs slightly downward as in 
other young fishes, and in descending they wriggle a little and elevate the anterior region. 
They are chiefly recognised by the eyes, which are large and pigmented, and also by the 
pigment passing along the dorsal edge of the abdomen as well as a faint line below the 
muscle-plates of the same region. 

The post-larval stages of the haddock have hitherto escaped detection, and it is only 
when the fish reaches the length of upwards of 2 inches, with the characters of the adult 
fully displayed, that it has come under notice. Few authors allude to the very young 
stages of this form, though G. O. Sars thought he could distinguish them amongst 
other young gadoids by their shorter and stouter form. CoLLETT again states that he 
found the young haddocks 7 cm. long under Cyanea capillata.* 7 

Gadus virens, L.—The ova of this species have not been recognised in the ripe 
condition. It is stated by Kroyer to spawn in January. In its earlier stages the green 
cod probably resembles the cod very closely, and follows similar habits. When 14 inch 
in length they come in large numbers to the margins of the tidal rocks about the end of 

* Vide Mosius and Hxinckg, who quote without criticism the remark of Mato that the haddock spawns in shells 


on the west coast of Sweden from J anuary to March ; and that in the museum at Kiel is a shell-fish on which are 
eggs. 
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May and beginning of June, preceding the arrival of the young cod of the stage formerly 
mentioned, though perhaps not always. The characteristic features. of the species, as 
distinguished from the cod of the same size (14 inch), have already been indicated. 
They consist of a deeper green hue all over, but especially anteriorly, and a much greater 
development of black pigment-corpuscles both on the body, head, and fins. The eyes 
also have a greenish hue, and these are proportionally larger than in the cod. The fins 
throughout are duskier from the black pigment, and the three dorsal and anterior anal 
are often marked by yellow pigment-grains. The pectorals in some show traces of two 
broad arches of pigment, after the manner of other larval forms, such as the gurnard and 
armed bullhead, though much less distinctly. The ventrals are well formed but small, 
and show no special elongation of the outer rays. When specimens of this and the cod 
are viewed side by side from the dorsum the difference in regard to pigment is striking, 
the green cod being almost uniformly pigmented from the tip of the snont backward, 
whereas the cod shows such chiefly on the tip of the snout and over the brain. More- 
over, the snout in the young cod is decidedly longer and narrower, so that with the 
distinction already noted in regard to the size of the eyes the whole facies differs. In 
profile the gape of the cod is the longer, the mandible apparently being longer, and the 
angle more pronounced. 

A curious feature was observed in those killed by a few drops of corrosive sublimate 
(in acetic acid), viz., the closely adpressed condition of the first dorsal fin. 

In somewhat older forms, which are abundant in the rock-pools in July and 
August, two varieties occur, viz., one of a pale though dull green along the dorsum and 
upper lateral regions, the other of a dark olive-green in the same parts.* 

Gadus merlangus, L.—The eggs of the whiting abound in April and tr. ‘a 
probably later.t They measure ‘0476 in., or about 1:125 mm. In an instance 
in which they were fertilised at 3.30 p.m. on April 15, 1885, the germinal cap was 
found at 6 p.M., and forty minutes afterwards the first furrow had appeared. At 9 P.M. 
segmentation had proceeded beyond the eight-cell stage, and soon sixteen were outlined, 
the nuclei in these being apparent at 9.40 p.m. On the second day, they were in the 
multicelled stage, but no well-defined nuclear zone was visible, the latter being very 
distinct on the third day. The blastoderm had largely extended on the fourth day, and 
on the sixth the blastopore had closed, though Kuprrer’s vesicle had not yet appeared. 
Lenses and otocysts were present. No pulsations of the heart occurred early on the 
seventh day, but later intermittent contractions took place. Finely stellate chromato- 
phores develop on the yolk-sac.{ On the eighth day yellowish chromatophores appeared on 


* Report on Trawling (1884), p. 360. 

+ Day says the whiting “spawns in March not far from the shore,” though what advantage the latter situation 
gives is not stated. M6sius and HEINCKE observe that, according to BENKCKE, it spawns on the Prussian coast from 
December to February, and in the Cattegat, according to Mau, from March to May. 

t Mr CunnineHam considers that in the larval whiting the chromatophores are confined to the body of the 
fish, and are absent from the marginal fin and the surface of the yolk. His diagnosis rests on specimens captured in 


the tow-net (Jour. Mar. Soc. Biol. Assoc., N.S., i.) In our experience the whiting is a form very early characterised by 
its yellowish pigment, which invades the marginal fin. 
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the dorsal region, and on the yolk-sac, near the trunk. The cardiac pulsations were 
vigorous and regular. The pectorals were distinct. Next day the movements of the 
contained embryos were active, and some emerged at 5 P.M., most however issuing next 
day (tenth after fertilisation, viz., 24th April): they are delicate, translucent forms, 
and swim vigorously near the surface. The pigment is characteristic (see p. 126). 

The oldest larva reared in the laboratory is shown in Pl. XVII. fig. 12. It is 
distinguished by its black pigment-spots arranged in a double series along the edges 
of the muscle-plates, the inner row in each case being somewhat fainter. Dorsally the 
outer row reaches forward to the mid-brain. A dense pigment-band exists in the 
subnotochordal region of the abdomen. Scattered spots of considerable size occur on the 
mandible, over the cardiac region, and on the ventral surface of the abdomen. As in 
many other forms the dark pigment abruptly ceases in front of the caudal region. The 
yellow chromatophores are distributed generally over the head, trunk, and fin-mem- 
branes. The eyes are bluish silvery, the snout is still blunt, and the mandible is stout 
and prominent. ‘The subepidermal serous space over the head is well marked, and 
extends as far as the anal region. ‘Three sensory organs are present in it. The otocysts 
are comparatively large. The blood-corpuscles are distinct. This example nearly bridges 
the gap to the post-larval forms. At this stage the great translucency of the species is 
noteworthy, all the organs being most clearly observed. 7 

The earlier post-larval stages of the whiting, viz., those immediately following larve 
reared in the laboratory, are still somewhat obscure, though they probably closely approach 
those of allied forms, such as the cod and haddock. The characteristic nature of the 
larval pigment, however, would lead to the belief that in the brighter colours (e.g., yellow) 
early differences may occur. Such, as a rule, were lost before they came under observa- 
tion ; for all these delicate forms are dead and considerably altered before reaching the 
deck, and the same-remark applies still more decidedly to those immersed in spirit. The 
pressure to which they are subjected in the large mid-water net, by the currents, and by 
the weight of crowds of Appendicularians, Meduse, and Hydromedusz, as well as Cteno- 
phores, would alone sufficiently explain this; nor are these dangers obviated by the use 
of large wide bottles at the extremity of the net. 

So far as present observations go, the young whiting appears to be recognisable as 
such when from 9 to 12 mm. in length, examples of these stages occurring in August 
(1886). The dorsal, anal, and caudal fins have permanent rays, and the several parts of 
the two former are all outlined but not separated from each other. The pectorals form 
large fan-shaped organs, but the ventrals are minute. Groups of black pigment- 
corpuscles occur on the brain and along the sides of the dorsal and anal fins, while a line 
runs in the median ventral region of the abdomen. The sides of the body posteriorly have 
amore general sprinkling of black pigment than in the cod, which, however, it closely 
approaches. No barbel is noticeable. 

When about 15 mm. long the species is distinguished by a more abundant covering 
of minute black pigment-specks along the sides of the body and on the fins than in the 
VOL. XXXV. PART III. (NO. 19). ON 
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cod, and by the greater length and diminished depth of the first anal fin. The pigment- 
specks are still present in the median ventral line of the abdomen. These characters are 
better marked at 18 mm., the black pigment-lines at the bases of the anal fin-rays being 
especially characteristic when contrasted with the young cod, in which a median line of 
black pigment proceeds from the centre of the tail forward to a point above the middle 
of the first anal. No barbel is present, and the myotomes are more closely arranged than 
in the cod. 

At the length of 20 mm. the first anal of the young fish assumes the adult characters, » 
and a small papilla now indicates a barbel. The pigment along the dorsal edges is much 
more developed than along the ventral. The general and minute flecks of black pigment 
are very characteristic at 24 mm., and the barbel has increased in size. The denser 
dorsal pigment, moreover, has spread downward over the sides, but in the preparations is 
uniform ; and no dappled condition was noticed when fresh. 

Between the foregoing and a length of 28 mm., a decided change takes place in the 
region of the pigment last mentioned, viz., a tendency to form separate touches along 
the dorsum, somewhat after the manner of those in the cod. These dark touches are con- 
fined to the dorsal region, though in some a few bars occur at the base of the tail. The 
fish is now minutely flecked with black pigment all over the sides, head, snout, and fins, 
a few large corpuscles appearing in the dorsal and the hyoidean regions—the silvery sides 
and under surface of the abdomen alone being free from them. In general outline it 
approaches the adult. The shortness of the snout readily separates it from the cod— 
without reference to the first anal fin. A slight duskiness exists above the base of the 
pectoral, but no definite spot. The tips of the ventrals reach fully to the vent. The row 
of pigment-spots usually disappears from the median ventral line at the length of 30 mm. 
The barbel is small but distinct at this stage. 

The young whiting at 34 mm. presents the following features when contrasted with 
a cod of the same length (in spirit). Externally parasitic Caligi are generally more 
abundant in the cod. The median dorsal fin is less abruptly elevated than in the cod, 
and the first anals diverge widely. The body of the whiting is more neatly rounded and 
more plump than that of the cod, which often has a protuberant abdomen. This outline 
in the whiting is probably due to its earlier maturity. Though a smaller fish it issues 
from an egg somewhat larger than that of the cod. The pigment-specks closely cover 
the sides of the body of the whiting and the membranous webs of the dorsal fins. The same 
pigment is continued forward on the head. The pigment at the bases of the caudal rays 
is more distinct in the whiting, and the lancet-like caudal termination of the body is 
longer in this species. Moreover, the myotomes are coarser in the cod, and the surface 
has little of the dappled silvery sheen of the whiting, apparently from the somewhat 
more advanced condition of the scales in the latter. The finely stellate black pigment- 
corpuscles are larger in the cod, and instead of the general specks of the whiting, they 
are grouped in blotches over the surface, with intermediate pale regions, and the head 
and neck are much less covered with pigment. Both pectoral and ventral fins of the 
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cod are shorter than those of the whiting, the tips of the latter leaving a considerable 
interval between them and the anus. This abbreviation of the abdomen coincides with 
the very long first anal fin, and is as characteristic of the adult as the young. The snout 
of the whiting is shorter and broader than that of the cod, and its depth is greater. The 
long barbel of the cod contrasts with the short process in the whiting. 

At 54 mm. the pigment has increased, and the elongate tips of the ventrals pass 
beyond the anus. The barbel is distinct but small. It is interesting that no young 
whiting of this and previous stages has been seen without a barbel, yet Mr Day and 
other authors do not allude to the subject, apparently considering that the young agree 
with the adult forms in this respect. Young whiting, between 3 and 4 inches in length, 
have more than once been observed with a distinct barbel, indeed, a stronger statement 
may safely be made, viz., that at 34 inches some present the barbel, others do not. 

The Ling (Molva vulgaris, Flem.).—The ova of the ling measure ‘066 to ‘0916 in., 
or about 1°08 mm., the oil-globule being 4; of that size. They were fertilised at sea 
on the 27th April,* at 12 noon. When received at the laboratory at the forty-eighth 
hour, they were in the biconvex morula-stage. They appear to be more delicate than 
the ova of the cod and haddock, and many were collapsed, the contracted globe of 
yolk carrying the oil-globule in its wall of protoplasm away from the inner surface 
of the zona radiata. The nuclei of the periblast were about one-third the diameter 
of the blastodermic cells. The zona is not so soft and tough as in the cod and 
haddock, but shows greater resistance, bursting rather than collapsing under pressure. 

Third Day.—About a fourth of the yolk is covered by the blastoderm, and the 
rim is broad and distinct. On the following day three-fourths of the yolk are en- 
veloped, and the shield is outlined ; some show metameric segmentation in the middle 
region of the trunk. In the median line of the body are a number of clear protoplasmic 
vesicles between the embryo and the yolk-surface. In many, the blastopore is closing, 
the optic vesicles are contracted off, and the notochord ends abruptly in the pectoral 
region, but terminates indefinitely at the caudal end; fifteen or sixteen somites can be 
observed, but the three regions of the brain can barely be discerned. The envelope of 
the yolk (blastoderm) is dotted with pale neutral-tinted corpuscles of various angular 
shapes which send out processes. The blastoderm shows a double contour (probably 
epiblast and hypoblast) as it passes off on each side of the embryo. 

On the sixth day the lenses are in process of formation, but cannot be fully made 
out. The neurula is well defined in the cranial region and has a marked keel. The 
large cells of the closed rim of the blastopore persist at the posterior end of the fissure 
between the embryo and the yolk. In other Gadoids, these have generally disappeared 
at this stage. The blastodermic shield is reduced to a mere film on each side, but the 
peculiar fan-like mass of cells and protoplasmic threads in front of the pectoral region 
(as in other species) has larger and more definite cells than usual. The clear 
corpuscles of a neutral tint scattered over the yolk near the oil-globule are still present. 

* The ling is said to spawn on the Skagerrack in May. 


« 


828 PROFESSOR W. C. M‘INTOSH AND MR E. E. PRINCE ON 

Rudely stellate (7.e., with short rays) black chromatophores appear on the seventh 
day (May 4), on the dorsal surface of the trunk. The vesicles on the ventral surface . 
still persist along with Kuprrer’s vesicle. About thirty somites are visible,’and the 
caudal plate rises prominently upon the yolk. The otocysts are also present and have 
a circular outline. The heart is being differentiated from a protruding mass of cells 
below the otocysts, and folds immediately behind indicate the mesenteron. The oil- 
globule projects from its pocket in the yolk, externally having a covering of blastoderm. 
A central fissure occurs in each eye. 

Eighth Day.—The tail is well formed and is laterally flexed on the yolk. The finely 
branched chromatophores form two somewhat regular dorsal lines, and five or six solitary 
spots also occur over the yolk, in its outer envelope. The cardiac pulsations are faint. 
The nasal bulbs are distinct, and the lenses of the eyes fully formed. Very delicate 
round pigment-spots of a pale greenish-yellow colour appeared about noon, giving the 
ovum a slightly greenish tint to the naked eye. These greenish-yellow corpuscles were 
thickly scattered at the ventral margin, and especially on the marginal fin, almost to 
the tip of the tail. Each segmental duct ends in a space above the end of the intestine, 
and the anal tract sends a protoplasmic tube partially across the tail-fin. The lumen 
has an external opening on one side of the caudal fin-membrane. 

Next day (6th May) the embryos (Pl. XIII. fig. 4) emerged, though some which 
had been isolated in a small quantity of sea-water in a room escaped the previous day. 
They measured about 3 mm., the yolk being 1 mm. in its long diameter. They appeared 
to be delicate, many lying on the bottom, while the more active floated in the reversed 
position near the surface, and were able to wriggle a little. The liver appears to be 
further back than in the other Gadoids examined, the distance being nearly one-fifth the 
length of the head and trunk (excluding the tail). The fine lumen of the mesenteron 
extends to the opening formerly indicated. Anteriorly it ends as a fine fissure behind 
the heart. About fifty myotomes are marked off, and the caudal trunk terminates in a 
slight enlargement. The otocysts have thick walls, and just in front of them are two 
clefts. The heart slowly pulsates. The finely stellate chromatophores in the caudal 
region seem to correspond in number to the lines of the metameres. 

The larve on the 7th May presented certain peculiarities at the tip of the 
notochord very distinctly, viz., a slight enlargement followed by a constriction, then a 
large swelling in front of the terminal knob. The lumen of the intestine was slightly 
increased, though still smaller than the mesenteron proper. The urinary vesicle (which 
communicated with the rectal portion of the canal) showed continual movement of its 
walls. The yolk-cortex has receded considerably from the outer envelope (blastoderm) 
leaving a large extra-vitelline space, and the oil-globule (og) is also lifted away from 
the outer layer. The distance of the heart and the oral region from the liver is still 
marked. The heart, on the 8th May (Pl. XVII. fig. 9), was much flexed, asuming an 
S shape, but no definite wall to the pericardial chamber was visible. The yolk has 
diminished. On the 10th May large ramifying chromatophores occur over the yolk, 
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their long zig-zag processes being characteristic. Two or three extend over the whole 
- yolk-surface. The larva now measures 3$ mm. ; from the snout to the anus 175 mm., 
the tail being thus very long, viz., 2;4, mm. The lower lobe of the caudal fin appears 
to be larger than the upper. The envelope of the oil-globule is thickened, and pigment 
appears in it. The greenish-yellow pigment-corpuscles are more numerous, and have 
a well-defined oval outline. These corpuscles are clear and homogeneous in vigorous 
examples, but they become granular in moribund and decaying forms; moreover, while 
the black chromatophores are elaborately stellate these remain amorphous or rounded. 
The larval fishes shoot upward from the bottom of the vessel, and strive to reach the 
surface with more or less success, then, hanging head downward, sink slowly to the bottom. 
In their upward course the yolk-sac is inferior, but when the fish is motionless it turns 
uppermost and the fish descends. 

On the sith day after emergence (12th May), an indentation passes across the 
nasal region, but in the earlier part of the day the mouth is not yet open, though a 
fold of epiblast hangs like a curtain on each side. Later in the day the mouth appears 
as a lenticular slit, cells defining its upper and lower margins. 

At the end of the first week of freedom (13th May) the larval fish measures 3,5, 
mm. (Pl. XVII. fig. 10). The mouth is freely open. The eyes are deeply coloured 
with black pigment. An opercular fold has grown over the cleft, leaving a fissure 
behind and below the otocysts, which are now spacious and thin walled. The pectorals 
still have a horizontal attachment, but can be elevated and depressed; and they show 
radial thickenings (fin-rays). The yolk has much diminished, and has five or six large 
stellate black chromatophores, but these do not extend beyond the yolk proper (in the 
cortex), whereas the yellow spots occur all over the integument. A pericardial wall 
appears, and the endocardial surface is rugose. The anus now opens (?) on the lower 
margin of the fin, and the space between the auus and the oil-globule is large, as the 
latter has been dragged forward by the wall of the diminishing yolk, but the globule itself 
does not appear to be much smaller. Large black chromatophores occur over the mid- 
brain, and a row of them begins near the root of the pectoral, and extends along the 
dorsal region, ceasing above the anus. At the latter a line commences along the upper 
margin of the notochord and ends a short distance from the tail, extending over 3 of the 
caudal trunk. At its termination, a confused mass of elongated chromatophores trends 
from the margin of the muscles outward over the tail-fin. A similar mass passes ven- 
trally. A concentration of black pigment also occurs on the dorsal surface, behind and 
above the otocysts. 

On the 30th August 1886 very young examples of the ling (Pl. XVIII. fig. 3), about 
85 mm. to 9 mm. in length—resembling Phycis, were captured. Along the dorsum a 
slightly greenish tint was observable, with minute scattered black pigment-spots. Two 
well-marked black bars pass behind the abdomen, one a short distance posterior to the 
latter, and another in front of the base of the tail. They are best developed ventrally, 
and do not reach to the dorsum, while a pale brownish hue surrounds them. Under the 


A, 

| 

| 


830 PROFESSOR W. C. M‘INTOSH AND MR E,. E. PRINCE ON 


anterior end of the mandible as well as on the summit of the head black spots occur. A 
most striking feature is the extraordinary length of the ventral fins (vf), three of the fin- 
rays in each being very long, while the fourth is shorter. The fins are of an ochre-yellow 
colour along the rays, with specks of black pigment scattered over the inter-radial mem- 
brane. The iris, like that of the eye of the whiting, is of a pale sky-blue. The notochord 
passes almost in a straight line backward to the tip of the tail, and the caudal fin is con- 
tinuous with the unbroken marginal fin dorsally and ventrally. The great development 
of the ventral or permanent rays, however, slightly pushes the tip with the embryonic 
radial striations upward. The hypurals, two of which are very distinct, are developing 
inferiorly, and the epiurals dorsally, but they have only slightly affected the direction of 
the notochord. The early development of the upper caudal rays in this form is of interest, 
as it is in marked contrast with such forms as the Pleuronectide in which the inferior fin- 
rays alone appear. 

The head and the eyes are disproportionately large, and the prominence of the 
hyomandibular apparatus, as well as the size of the mandible, gives to the jaws a massive 
character, just as in the cod. The angle of the jaw is especially marked, projecting 
prominently inferiorly—rather behind a vertical line drawn from the centre of the lens. 
The hyoidean apparatus, and subsequently the whole facies, the opercular structures, and 
branchiostegal rays, are remarkably developed. The pectorals (pf) have short fleshy 
bases with fan-like expansions of fin-rays of moderate length, not unlike the condition in 
the adult. The barbel can barely be distinguished. The alimentary canal has a com- 
paratively simple course, the capacious stomach bending to the right, whence a wide and 
straight intestine passes backward nearly to the anus, then bends forward, doubling again 
behind the stomach on the left side, before proceeding straight to the anal opening. 

The next observed (on 21st July 1887) was about 15 mm. in length, three occurring 
in the mid-water net in a haul at 22 fathoms. The pigment and other characters of 
these do not require special mention. The yellow pigment is at once removed by 
alcohol, but the black remains. 

On 3lst August 1886 examples of the next older stage (PI. XVIII. fig. 4) were 
obtained off the Isle of May. The dorsum again was greenish, and a similar pale tint 
existed over the trunk and tail, while along the sides of the latter black pigment occurred. 
The long ventrals extended more than one-quarter the length of the body, three rays 
being especially distinguishable for their size, while three rudimentary rays were present 
at the base. Their colour is similar to that of the last stage. The pigment of the 
body, especially that of the two black bars above described, is now more diffuse and 
continuous, the bars being however indicated by two isolated dorsal bands. The 
blackish pigment in front of the ventrals is more definite, forming a broad arrow or 
A-shaped figure, and at the tip of the mandible, on each side of the symphysis, a band 
occurs, and a trace also is distinguishable in front of the barbel. Dorsally, a slender 
stripe exists along the premaxilla, and the pigment on the cranium is better defined. 
All these external features were, however, already indicated in the younger examples. 
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At this stage the ling measures about 20 mm. in length, and the differentiation of 
the first dorsal is complete, its position being as in the adult. The relations of the 
second dorsal fin are similar, as is also the case with the anal and caudal, the 
approach to the adult condition being marked. The tail, however, is more ovoid in 
shape than in the adult. The pectorals (pf) are broad dorso-ventrally, while the ventrals 
appear to be less advanced, that is, more directly under the pectorals than in the adult. 
The development of the hyoidean and opercular structures alters the outline of the 
angle of the mandible. At this stage the parasitic young Caligi also occur on the ling. 

The next stage observed was a specimen 34 inches long, which had been stranded in a 
pool on the sands in the middle of December.* The fish is now boldly striped longi- 
tudinally ; thus an olive-brown band passes from the tip of the snout in a line with the 
middle of the eye straight backward to the base of the caudal fin-rays. The pale ventral 
surface bounds it inferiorly, while dorsally a stripe with a beautiful opaline lustre runs 
from the tip of the snout over the eye backward to the base of the caudal rays. The latter 
band is opaque white on the tail, and it gives the fish a characteristic appearance. The dorsal 
fins are well marked, the first presenting a distinct black speck posteriorly, and another 
black pigment-patch occurs at the end of the last division. The dorsal line from the 
brain backward is distinguished by a narrow edge of dull orange or pale olive, and this 
brings out in relief the colours formerly mentioned. The little ling is thus a longi- 
tudinally striped form, and in strong contrast with the tessellated condition of the young 
cod, The barbel is proportionally large, and is borne by the fish horizontally, 2.e., 
projecting in front of the snout. 

At a later stage, viz, from 8 to 9 — in length, when it abundantly 
frequents the rocky margins, the ventrals show three free filaments, the first shorter 
than the second and third—which are nearly equal. These filaments in the previous 
stage (3 inches) are worn off in confinement, indeed all the fins are frayed. The 
change which ensues at this advanced stage has been formerly described by one 
of us,f and may be summarised in a specimen 7% inches long as follows :—The 
fish is now boldly and irregularly blotched with brown, both dorsally and laterally, 
the region of the white stripe being indicated by the pale and somewhat scalloped area 
dividing the lateral from the dorsal blotches. Fourteen or fifteen of the latter occur 
between the pectorals and the base of the tail; they are separated by the whitish areas, 
which thus assume a reticulated appearance over the anterior dorsal and lateral regions, 
and both kinds of pigment invade the dorsal fins. The original dark greenish band is 
more or less ¢vident from the tip of the snout to the posterior part of the operculum, but 
thereafter it is lost. The tail has a pale border, with a dark brownish belt of consider- 
able breadth, and a few black touches in it. A broad white streak exists in the upper half 
within this, but is feebly marked inferiorly. The black pigment is largely developed in the 


* Third Annual Report, Fishery Board for Scotland, p. 62, 1885. Another example of the same size has since 
occurred in March. 


t Fourth Annual Report, Fishery Board for Scotland, p. 209. 
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brownish belt along the inferior margin. The black spots on the posterior part of the 
first and second dorsals are very distinct, and the dark belt of the anal is densest at the 
posterior end. In life the whitish streaks often have a bluish appearance. 

The remarkable length of the ventrals in the post-larval ling resembles the condition 
described by ALEx. Acassiz, in Onus,* and in Motella. 

Motella mustela, L.t—The ova of this species abound in the sea from March to May, 
and those in the tanks shed their ova freely in April. The unimpregnated egg on its 
escape has a diameter{ of ‘73 mm., the measurements given by Mr Brook (No. 31) ranging 
from ‘655 to ‘731 mm. The hyaline capsule is slightly corrugated, and the entire yolk- 
surface presents a series of minute oleaginous particles. Mr Broox’s larve emerged 
on the fifth or sixth day, but at the laboratory the development was less rapid at the 
beginning of May, probably from the much colder surroundings. Thus ova, in which 
the blastoderm had enveloped two-thirds of the yolk (probably more than three days 
after impregnation) on the 4th May did not emerge till the 11th May. Nine proto- 
vertebree were visible on the 5th, and the blastopore closed on the 6th May. The 
optic vesicles were well defined, but the otocysts did not appear till 5 p.m. of this day, 
the first sign of their cavity being a very fine slit. Broox gives the length of the 
newly hatched larve at 2°25 mm. About the sixth or seventh day after hatching the 
mouth resembles that in the young plaice, the lower jaw projecting very much 
(Pl. XVII. fig. 2). An oil-globule occurs in the small portion of the yolk still remaining. 
The marginal fin is finely fibrous, and in the caudal region fine threads stand out 
in the moribund animal. The notochord shows very large cells, those in the tail 
being rounded and forming a single linear series, while the anterior are smaller, more 
numerous, and irregular. An interesting condition of the termination of the neurochord 
is seen at this time, for it exhibits a distinct lobular dilatation (ne) having a fine central 
canal (mc) which can be traced a long way forward. This terminal nervous enlargement 
(ne) projects beyond the end of the notochord (nc) (Pl. XV. fig. 4). The skin has a very 
irregular surface many from granular papilla. Three days later (May 11th) most of the 
embryos had died, as they are somewhat delicate forms; but the survivors (see fig. 2 
Pl. XVII.) show a beautiful iridescent area behind the pectoral fins, probably from the 
swim-bladder. The yolk-mass has been absorbed and the median dorsal fin has diminished. 
The mandible (mn) is still prominent. 

Proceeding to consider what may be called the post-larval stages, procured in St 
Andrews Bay, we note that ALEx. Acassiz,§ in one of his papers on the young stages 
of “ Osseous Fishes,” in which he made known the remarkable development of the ventrals 
in a form doubtfully regarded by him as a Motella, speaks of it as Motella argentea, 
Rhein., though he added that it might be a species of Onus described by CoLLer. 

* Op. cit., p. 273. 


+ The egg and larval form figured by Mr CunnincHaM (op. cit., p. 105, pl. vii. figs. 3, 4) evidently belong to 
Motella. 


t In parts of an inch their diameter is ‘0283, and the oil-globule ‘0033 or less. 
§ Proc. Amer. Acad. Sci. and Arts, vol. xvii., July 1882. 
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There is no uncertainty, however, with regard to the genus of the form about to be 
described. It is clearly a Motella, though more probably M. tricirrata than M. 
mustela. 

The youngest stage captured in the large mid-water net at the end of August is 
6 mm, in length (Pl. XVIII. fig. 6), and the embryonic fin (ef) is still connected with | 
the base of the tail both dorsally and ventrally, the specimen being apparently about — 
the stage of AGassiz’s, pl. vii. fig. 6. The body of the British fish is, however, © 
proportionally shorter and deeper. The head is large and the snout blunt, the high | 
arch formed by the gape being noteworthy. The mandible is large, prominent, and © 
protrudes somewhat in front of the snout. The hyoidean region is well developed, — 
though the branchiostegals are indistinct. The abdomen (abd) is very prominent and 
large, and has a silvery iridescent sheen superiorly. A trace of the choroidal fissure 
persists beneath each eye. Numerous blackish pigment-corpuscles occur over the 
brain; but only an interrupted line extends along each side of the anterior half of the 
dorsal fin. The pectorals (py) form large fan-shaped structures directed upward, and 
the ventrals (vf), which are blackish in hue, are of great size; but instead of arising 
considerably in front of the pectorals, as in the adult, they spring by a pale base only 
a very short distance in front of the pectorals. These long black fins are about one- 
third the length of the fish, and when first seen with the naked eye they resembled a 
pair of powerful black spines, for the protection of the tumid abdomen. Four of the 
rays, as in the American form, are largely developed. The body is of a general pale or 
slightly silvery hue in the preparation studied, and the stomach contained minute 
copepods. A somewhat silvery form, only 2 mm. longer (viz., 8 mm.), shows the dorsal 
and anal fins almost separated from the tail. The head is now better developed, and 
the delicate branchiostegals arc very evident. The pigment over the brain is very dark, 
and a dotted band proceeds from this region backward for some distance on each side 
of the middle line. A group of pigment-specks also occurs laterally below the posterior 
part of the dorsal fin. From the elongation of the body, the ventrals do not seem to 
be so long. This example was procured on the 21st July at 22 fathoms, but the same 
stage has been seen at the surface. In young forms, apparently pertaining to Motella 
mustela, the dark ventrals show dull yellowish rays. 

The next stage (Pl. XVIII. fig. 5) reaches a length of 10 mm., ae the examples seem- 
ingly belong to the same species. A silvery hue predominates over the cheeks, abdomen, 
and partially on the posterior region of the trunk. Over the brain and along the dorso- 
lateral line the black pigment is more abundant, while a blackish spot occurs a short 
distance in front of the tail. The continuity of the dorsal (df) and caudal fin (cf) is 
less prominent though still present, and the tail is more elongated—tapering slightly 
towards the tip. The arch of the mouth is still high, though the forward growth of the 
premaxillary region renders it less conspicuous. The black coloration of the ventrals (vf) 
is confined to rather less than the distal half of each fin, and the length of these organs 
is proportionally shorter in relation to the body of the fish, The eyes are really larger; 
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' but the abdomen is less tumid than in the last stage. Specimens slightly older than 
this are represented by Mr Coucu (Brit. Fishes, vol. iii. pl. cli. and p. 113) as 
THompson’s midge, and were referred by the late Dr Gray to the genus Coryphena, 
probably from the remarkable development of the ventrals. | 

Specimens 24 mm. longer than the last described, viz., 12°5 mm. in length, show a 
large increase in the amount of black pigment on the dorsum, where it now gives rise 
to a mottled appearance, extending over the sides and tail. Only a few corpuscles exist 
near the ventral line behind the abdomen. The pectorals have increased in size and 
strength, whereas the ventrals, though still of extraordinary dimensions, are now only 
about one-fourth the length of the body, and are tipped with deep black, while the 
remainder (#) of each fin is very pale in colour. The sides are silvery almost to the base 
of the tail. In many of the specimens a parasite like a young Caligus projected from the 
branchiostegal region. ‘The youngest examples of Motella above described occurred in 
32 fathoms water off the Isle of May, about 7 fathoms from the bottom, the others 
were obtained in the same region in 25 fathoms water and about the same distance from 
the bottom. | 

When MM. mustela reaches 24 or 25 mm. in length, the general silvery hue is marked, 
only the dorsum of the head and body being brownish. The five barbels are distinct, 
and the tips of the ventral fins do not project behind the pectorals, though their bases 
have now advanced considerably in front of the former. The eye remains comparatively 
large. The specimens of this size were obtained by the surface-net in Lochmaddy. 

At 29 or 30 mm. many of the adult characters have been assumed, the brownish- 
black pigment having spread over the upper lateral regions. The tips of the ventrals 
scarcely reach those of the pectorals, the three anterior rays being furnished with long 
sensitive tips. The abdomen and lower lateral regions are silvery. 

The older Motelle obtained are characterised, as Mr Day observes,* by their very 
bright silvery sides and dark bluish-black dorsum. The black axillary pigment occurs 
in most of these, but it varies in intensity. They range from 26 to 40 mm. That 
which most nearly resembles M. tricirrata possesses a pair of very short barbels or 
papille in the premaxillary region, but sometimes one is indistinct, and they probably 
disappear during the subsequent stages. The ventrals extend about as far back as the 
tips of the pectorals, but their bases are considerably in front of the latter, the second 
ray being the longest of the three specially developed. All the black pigment has now 
disappeared. Contrasted with M. mustela of the same length, the eye is somewhat 
larger, and the space between them narrower, while the barbels are shorter. The first 
dorsal appears also to be somewhat shorter (from before backward). ‘The free rays of this 
fin are characteristic in all the species. 

Two examples from the surface of the sea, south-east of the Isle of May, present 
only a single median barbel on the upper lip. Both show axillary black pigment, and 


in other respects correspond with the foregoing, except that the median barbel on the 
* Op. cit. p. 312. 
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upper lip is longer, as also is the barbel on the mandible, while the snout is less pro- 
longed, the latter character being indicated by Mr Day. These examples measured 
27 and 38 mm. respectively, and corresponded with Motella cimbria. 

Unknown Egg with Orl-Globule (¥).—A small egg, measuring ‘034 by ‘035, with a 
single oil-globule, and in the earlier stages agreeing with Motella, was captured by the 
trawl-like tow-net on the bottom in the early part of May and for some time thereafter. 
As soon, however, as the pigment appeared in the embryos its distinction from the 


common species (M. mustela) was evident (Pl. V. fig. 4). The reticulated cellular © 


appearance of the contained embyro and yolk was another marked feature. 


After extrusion the larva (Pl. XVII. fig. 4) measured about 4th of an inch, and was | 


characterised by the presence of yellowish pigment along the marginal fin dorsally and 
ventrally, blackish chromatophores occurring amongst the rest. The tip of the tail, how- 
ever, remains uncoloured. ‘The general surface of the body, head, and yolk-sac is dotted 
with yellowish pigment, and a few black chromatophores are present on the yolk and oil- 


globule. No pigment appears in the eyes. The oil-globule is situated inferiorly distinctly _ 


behind the middle of the yolk-sac, but a considerable interval exists between it and the 
posterior border of the latter, thus distinguishing it at once from the egg of Motella 
mustela. Moreover, the entire surface of the larva is covered with a somewhat coarse 
reticulation of cells with nuclei, which do not occur in the centre of the cells, but at their 
margins. On the third day after hatching the mouth had not yet opened, and the only 
new feature was the more general distribution of the yellowish pigment. 

This larva was kept until the yolk and oil-globule had wholly disappeared. The 
chief change was the more conspicuous nature of the yellow chromatophores along the 
margin of the dorsal fin. ‘The head is of a deeper yellow from the pigment over the 
brain, and the body has many minute yellow chromatophores mingled with black. The 
pectorals are tipped with yellow, and have the streaked mesoblastic basal region. The 
eyes are greenish silvery. The mouth is widely open. At this stage it somewhat 
resembles a pleuronectid. 

An unknown larval fish (gE) procured in February, and elsewhere* described and 
figured, approaches the preceding group (Gadoids) in the large size of the silvery eyes, 
which abut close on the maxillary border. At 10 mm. the notochord is straight, and 
embryonic rays occur in the tail. A marginal fin occurs along the ventral edge of the 
abdomen, which has a small yellowish oil-globule beneath the liver in front. Five black 
chromatophores occur over the head. 


YounG PLEURONECTID. 


Hippoglossoides limandoides.—The long rough dab seems to spawn early in the 
season, for during the trawling expeditions ripe specimens occurred towards the end of 
March ; and some seemed to have discharged all their ova on the 21st March. Com- 


* “Pelagic Fauna,” Seventh Annual Report, Fishery Board for Scotland, 1889, p. 263, pl. iii. figs. 5-7. 
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paratively small specimens are productive. Northern writers give the end of winter as 
the spawning period, | 

After the stage in which the young of this species and Pleuronectids generally re- 
semble the larval condition of other fishes, they begin to exhibit an increasing depth of 
the body, disproportionate to their length. In the earlier stages, when about 4°5 mm. in 
length, this flattening and depth of the body are diagnostic. ‘Towards the tail an 
abrupt narrowing occurs, and the slender embryonic tail proceeds therefrom as a tapering 
straight process bordered by the embryonic fin, which runs from the head dorsally all 
round to the anus. The rays are longest at the base of the slender caudal process. 
Another feature of moment is the ventral projection of the abdomen, for it extends much 
beyond the line of the body as a prominent swelling. As aids in diagnosing the mutilated 
young flounders of this stage are the proportionally larger eyes in the young round fishes, 
and the structure of the tail; the depression of the snout between the eyes is also a 
noteworthy feature. The eyes, it need scarcely be mentioned, are quite symmetrical, as 
in other fishes. 

The most prominent feature in the next stage is the thrusting upward of the terminal 
caudal “ whip” by the development of the hypural elements and the inferior true fin- 
rays. The ventral margin is also often finely dotted on each side with black pigment. 
The hypural cartilages so largely increase that they form a deep vertical boundary to 
the tail, the terminal (notochordal) process being bent upwards, and appearing, when 
viewed externally, as a slight filament. The depth of the body at the base of the tail 
has greatly increased. The léft eye now shows a tendency to move forward and upward, 
and a slight twisting of the frontal region is discernible, so that the symmetry of the head 
is no longer perfect. Small iateral buds indicate the ventral fins. 

The most advanced specimens measured about 13 mm., and when one was placed 
on its side a small part of the left eye was visible above the margin of the head. 
Moreover, that eye was slightly anterior to the right eye, and its axis was directed 
somewhat forward. On the right side four black pigment-spots were situated at the base 
of the interspinous bones, and the same number, besides specks on the body posteriorly, 
occurred along the ventral region. On the left side only two were visible along the dorsal 
line, and a few scattered specks along the ventral, as well as on the posterior part of 
the body. The general outline of the body strongly suggested that the species was no 
other than the long rough dab, but the mouth seemed to be similar to the common dab. 
This latter feature may, however, readily alter afterwards. The dorsal and anal fins are still 
joined to the caudal by a marginal membrane without rays. This form ranged from 5 mm. 
to about 13 mm., and was captured in the mid-water net at the end of August. Next 
year (1887), however, similar specimens were procured towards the end of July, and one 
reached 14 mm. in length. Their distance from the shore, and the depth of water, 
besides their structural features, gave grounds for connecting them with the species 


mentioned. The young of the common flounder at other stages appear to approach it 
very closely. 
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Pleuronectes limanda, L. (Dab).—The ripe forms at St Andrews have generally been 
procured in April and May, but there is no reason to suppose that, as in other marine 
fishes, they do not overlap these limits considerably. The diameter of the egg is 
‘033 inch, or about *825 mm. 

As an example we may take a series fertilised on April 30 (1885) at 2 p.m. In 
these ova the perivitelline space is very small. At 4 p.m. the blastodise was formed at 
one pole, and the nuclear zone covered it. At 5.30 p.m. the disc was in the four-celled 
stage, each sphere with a nucleus. Scattered granules, moreover, occurred on the 
margin. The morula-stage was reached at 10 a.M. on the second day (1st May), and 
the granular periblastic zone surrounded the disc, the nuclei being two or three deep. 
At 12.30 the dise had increased in diameter, showing finer cells in the centre, and 
larger at the margin. The periblast was broader, and nuclei could be seen under the 
margin of the dise by tilting the ovum. The disc had still further extended at 3 p.m., 


and the cells resembled large irregular nuclei embedded in a narrow protoplasmic | 


envelope. On the third day the blastoderm had reached the equator, and the em- 
bryonic shield was well defined. On the fifth day (4th May) the embryo is fully 
outlined, and Kuprrer’s vesicle appears. The cephalic region has increased, but the 
optic enlargements are not outlined. In certain aspects indications of metameres are 
observed anterior to KuPFFER’S vesicle. 

On the morning of the sixth day Kuprrer’s vesicle had considerably diminished, 


and about sixteen metameres were indicated, and they extended almost to the head. | 


At 12.30 Kuprrer’s vesicle had sunk into the tissues of the trunk. The metameres 
have a rounded dorsal outline. The notochord is distinct from Kuprrer’s vesicle 
almost to the pectoral region, and slightly indicated in front of the latter. The lenses of 
the eyes were faintly outlined at 1 P.M. 

On the seventh day (6th May) about thirty protovertebre are clearly outlined. 
The otocysts are small, but well defined, and the cavity is ovoid and limited. The lumen 
of the mesenteron extends almost to the otocysts, and posteriorly it expands con- 
siderably, becoming attenuated, however, before ending blindly. The neurula is cleft in 


the middle line, and rises anteriorly as two bold ridges. Yellow chromatophores (round) — 


are scattered over the head dorsally, and extend almost to the caudal termination. 

On the eighth day the eyes are boldly outlined, and the otocysts have expanded, the 
oval chamber having increased in length and breath. The lumen of the mesenteron 
anteriorly appears to be bifid, an arm passing towards each otocyst, but ceasing before 
reaching the eyes. The protoplasm (periblast) enveloping the yolk has formed many 
reticulations. At 12 noon the notchord shows lens-shaped cells or vacuoles— 
partially alternate in arrangment, while at 6 P.M. it is completely segmented by bold 
fissures. The yellow chromatophores are more distinct, and though irregularly dis- 
tributed may roughly be described as forming a double lateral line on each side, viz., a 
dorsal and a ventral. The surface in the cephalic region is rough from papille on the 
dorsal and lateral regions. The pectorals are rudely outlined, and the heart appears as 
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a solid transverse column, showing, however, a core when viewed on end. Active 
movements occur, so that the tail is sometimes drawn from left to right. 

On the ninth day the trunk has lengthened, and the tranverse chambers’ of the 
notochord are much longer, leaving narrow intervening bars of the original tissue. The 
otocysts are larger, and show two otoliths. The cavity of the mesenteron stretches from 
the otocysts to the anal region. 

The heart pulsates faintly and irregularly at intervals on the tenth day (9th May). 
The notochord is broken up into large and somewhat angular compartments. The 
pigment-spots show further development. 

By vigorous movements the embryos, measuring about »4th of an inch in length,* 
emerged on the twelfth day; but it has to be stated that in other instances, somewhat 
later in the season, and when the temperature was higher, they issued (e.g., on June 2) 
seven days after impregnation. They were carried about by the slightest surface- 
currents, gently descending head foremost and again ascending by the usual wriggling 
motion. The pigment-spots are very distinct, of a lemon-yellow colour as already 
described,t and are grouped in two lateral bands. The liver forms a pouch-like prominence 
on the anterior portion of the alimentary canal. On the second day the pigment had 
increased anteriorly, forming irregular blotches on the cephalic region. On the fourth 
day the pectorals are about twice as large as on emergence, and an anal tract is 
forming, while in many the upward flexure of the caudal region is marked. They are 
about ~;th of an inch longer, and swim in small groups at the margin of the vessel. 

On the seventh and eighth days the chromatophores are finely stellate, and the 
_ eye has much black pigment. The larve are very active, though when descending they 
often assume the reversed position. The snout is rounded and prominent; an oral 
aperture has appeared, and the mandible slightly projects. The basal process of the 
pectorals is marked, and radial thickenings are formed on the fin. The anus is not yet 
open, and no circulation is visible though the heart beats actively. The hyoid is well 
developed, and four branchial bars are distinct. 

On the tenth day after emergence the survivors swam actively when disturbed, 
using their large pectorals like flippers, but they often lay on the bottom. The dark 
pigment of the eyes presents a greenish iridescence. The increase of the pigment over 
the surface, the opening of the anus behind the scarcely visible yolk-sac, the great 
angular development of the mandible, and the membranous opercular covering, are the 
chief changes. The stomach shows tranverse folds, but posteriorly longitudinal ruge 
pass to the anal region. A dorsal elevation covered with papille gives a peculiar outline 
to the head. The embryos survived only a few days longer. t 


* Mr CunNINGHAM (op. cit., p. 100) gives the length of the newly hatched larva at 266 mm. He does not allude 
to the characteristic lemon-yellow coloration. 


+t Page 791. 
t The stages intermediate between the foregoing and the succeeding are at present no doubt confused with those 


of the flounder and other forms, especially as when brought to the surface they are generally injured, or as yet have 
_ oniy been examined in spirit. 
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Specimens 28 mm. in length are occasionally thrown on the west sands. They are | 


distinguished from the flounders by their larger eyes and more elongated outline, even 
when the lateral line is invisible. Others 14 inch long occurred in the trawl on June 7, 


while somewhat smaller forms were found in the stomach of a gurnard on the 20th of © 


April. 

Pleuronectes cynoglossus, L. (Witch).—Another form characterised by its com- 
parative thinness, narrowness of body, great breadth of the embryonic fin, and the 
conspicuous character of the dark olive pigment, was obtained abundantly. It is distin- 
guished from the young of the long rough dab, by the translucency of the body even 
after immersion in spirit, and by the nature of the pigment, which is finely dotted 
along the ventral edge in the young dab, whereas in this form only a few (about 
five) large isolated patches, blackish in spirit-preparations, occur along the dorsal 
and ventral margins of the body (Pl. XVIII. fig. 7). The depth of the embryonic fin 
exceeds that of the body, and the abdomen is prominent; the urinary vesicle being 
very visible posteriorly. A little pigment also occurs on the surface of the abodmen, 
and the marginal fin is of a faint dull yellow in life. Both sides are similarly coloured. 
The caudal region is abruptly narrowed, and the notochord proceeds straight outward 
even when fish is 8 mm. in length. The lower caudal rays are, however, cartila- 
ginous as well as those above; all the others are membranous. The otocysts are 
large and well developed. The head and abdomen, at this time, appear dispropor- 
tionately large for a body so long and slender. By the development of the hypurals 
the usual changes are brought about in the tail, and when the fish is 12 mm. long and 
about 4°5 mm. broad (Pl. XVIII. fig. 8), the marginal fin is appreciably narrower, while 
the interspinous elements appear along the edge of the trunk, and inferiorly the body 
now slants from behind downward and forward, so as to embrace the gut. The ventral 
fins are not yet visible. Five pigment-patches occur along the dorsal line as before, 
besides some minute spots at the base of the tail. Inferiorly, on the right side, two 
touches are present on the abdominal edge, and one at the curve of the rectum 
superiorly ; three others lie in front of the caudal pigment-spots. On the left side 
the abdominal patches are somewhat less distinct. A little black pigment also exists 
on the tip of the jaw, at the ventral edge of its angle and on the prominent area below 
the pectorals. The right eye is apparently a little in front of the left. The embryonic 
tail remains with its superior rays, while the inferior rays (forming the main part of the 
caudal fin) are well developed. Parasitic Caligi are frequently attached to the anterior 
region. 

When 14 mm. in Jength (Pl. XVIII fig. 9), the greatest breadth of the fish, including 
fins, is about 7 mm. The left eye at this time appears, in profile, above the head, and is 
distinctly in advance of the right. The pigment-spots on the right and left sides are nearly 
the same, though those on the right, perhaps, are more distinct; four patches occur 
along the dorsal margin and three along the ventral margin of the body. The touches 
on the abdomen are present, but somewhat altered by the growth of the tissues, and so 
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with those on the ventral margin as well as the head. Pigment-specks persist at the 
base of the tail. The body is now proportionately broader. 

In specimens 2 mm. or 3 mm. longer, similar features as regards pigment and other 
points occur, but the left eye is mounting over the head, and the ventrals appear as 
minute buds, while the marginal fins of the specimens are still infested by young Caligi. 

These specimens were generally procured E. or 8.E. of the Island of May, in water 
varying from 18 to 29 fathoms, the mid-water net being floated about 4 fathoms above 
the bottom. 

The earlier stages of this species have been observed by Mr J. T. CunnincHam,* who 
secured the ripe adults in June by the trawl near Cumbrae in the Clyde. His oldest 
larva, however, represents a considerably younger stage than our fig. 7, Pl. XVIIIL., the 
latter being about 8 mm. in length, whereas Mr CunninGHaM’s earlier form (rather more 
than two days old) measured 5°9 mm. Moreover, instead of three dark patches, there 
are four on the tail. It is satisfactory to have a fairly complete series of this species, 
which, on the eastern shores, is generally characteristic of deep water. Mr CuNNINGHAM’S 
ova hatched on the 6th day, but they were under abnormal circumstances as regards 
temperature. 

Pleuronectes platessa, L.—The ova of the plaice (which measure ‘065 to ‘069 in.,t or 
1°65 to 17 mm.) were brought by Captain Burn, late of the 11th Hussars, on the 21st of 
April, having been fertilised two days before. The zona radiata is minutely punctured, 
and it is often peculiarly wrinkled. On the 28th the embryo is clearly outlined, and is 
conspicuous by its bright canary-yellow spots (Pl. V. fig. 6). The spots do not extend 
quite to the tip of the tail, but leave a considerable terminal portion bare. In one speci- 
men a vesicle (kv), similar to KUPFFER’s, appeared in the mid-abdominal region, and was 
thus considerably in front of the normal position. It possessed a distinct protoplasmic 
covering. Moreover, a smaller vesicle appeared on the surface of the protoplasm of 
the larger. The heart of the young plaice presents the same features as in other pelagic 
forms, and begins to beat on the 6th day, and at 7.30 P.M. on the 28th April it pulsated 
forty times per minute. Its long tubular region lies to the left side, goes forward and 
forms a loop, turning backward just as in larval round fishes. The great breadth of the 
marginal fin is noteworthy, and it is well seen in the egg. In several examples film-like 
bands or ridges stretch across obliquely from the head of the embryo into the rest of 

the blastodermic area. As the pigment develops in the eyes some are finely iridescent, 
with a reddish-golden lustre, but in a day or two the silvery sheen surrounds the pupil. 
The eggs are hatched in nine or ten days, and the larva is conspicuous amongst its 
congeners, the flat-fishes, by its great size (Pl. XVI. figs. 5, 5a). This does not imply 
that it is more readily observable, for the larve are difficult to discern in the water. 
When about a week old the canary-yellow colour seen so distinctly posteriorly is found 
to be due to rounded corpuscles, which by transmitted light appear to be brownish, 
and more or less opaque. ‘The marginal fin of the larva is of great breadth, though in 
* Op. cit., p. 101, pls. iii., iv., and v. + Mr CunniIncHAM (op. cit.) gives 1°95 mm. 
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ordinary views the body appears to be almost linear. A peculiar feature is the presence 
of minute dark pigment-specks on the ventral lobe of the marginal fin, whereas into the 
dorsal lobe (ef) only one or two of the yellowish corpuscles pass from the line of the 
body. In this early stage the otoliths are remarkably small—much less, for instance, 
than in the fluke of the same age. The larva swims actively at the surface of the 
water, and is not easily noticed except by its large iridescent eyes, which now and 
then exhibit a golden sheen. Like some other young forms already described, it floats 
head downward in the water, besides frequently boring its snout into the sand at the 
bottom of the vessel. When at rest it lies upon its side at the bottom, and if the 
background be dark the yellowish pigment is conspicuous, especially in the caudal 
region. A perceptible increase in length took place within a few days after emer- 
gence. There is so little difficulty in hatching these ova, that this species could be 
multiplied in any suitable locality which it did not already inhabit. Mr CunnincHam * 
describes the yellowish spots as being in three rows on the lateral region of the embryonic 
plaice. 

In April large numbers of young pleuronectids at and near 12 mm. in length occur in 
St Andrews Bay. The eyes in these are generally asymmetrical, though in the smallest 
forms very slightly so. In the most advanced the left eye projects above the dorsal ridge, 
but is mainly used for vision on its own side. The blackish pigment-corpuscles are chiefly 
developed along the ventral margin of the body, though in some the sides posteriorly, 
and the posterior half of the dorsal margin, have a few specks. The terminal region of 
the notochord varies from a long dorsal filament to a mere trace beyond the hypural 
- elements in the older examples. 

The foregoing may represent both the young of the plaice and the common flounder, 
the earlier post-larval stages in spirit not yet having been clearly separated. 

At the mouth of the Thames, young plaice 14 inch and upwards abound in the nets 
of the shrimpers in October, and similar forms are met with at a later period at the 
margin of the sandy beach at St Andrews. In June and July, at the latter place, the 
smaller forms range from 24 to 34 inches, and these are probably the young of the 
previous season. It is a noteworthy feature in connection with this and other species, 
that the larger forms are characteristic of the deeper water, while the smaller, from 11 
inches downward, abound in sandy bays (inshore water). The mature fishes (¢.¢., those 
with the reproductive organs fully developed), as formerly shown, are thus mostly beyond 
the three-mile limit. 

Pleuronectes flesus, L.—No form is better adapted for studying the development of 
pelagic Teleostean ova than this, though, as one of us has elsewhere pointed out, 
specimens in confinement seldom deposit healthy ovat The comparatively rapid 
development of the embryo (six to seven days) is further favourable for a connected 
series of observations The lateness of the spawning period in 1886 was also fitted to 

* Op. cit., p. 99. | 
+ Vide account of appearance of retained ova, Third Annual Report of Scottish Fishery Board, 1885, p. 62. 
VOL. XXXV. PART III. (NO. 19). 6P 
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bring out this feature, since the temperature was thus proportionally high. Moreover, 
as indicated in the Report of the Royal Commission on Trawling just mentioned, with 
reference to Hippoglossoides limandoides (Rough Dab) and other species, comparatively 
_ small specimens of both sexes are capable of successful reproduction. Thus females not 
more than 44 inches long, and males a little larger (74 inches), have been paired with 
perfect success. 

Ova fertilised at 4 P.M. on Ist April 1886, showed a wrinkled condition of the zona 
radiata after extrusion, but soon became smooth in outline, and the germinal cap or 
blastodise began to be formed. In some, however, no such protoplasmic cap appeared 
for an hour or more. The two-celled stage was reached at 6 P.M., and the sixteen-celled 
stage at 9.45 p.m. The minute granules of the periblast were very evident in a profile 
view. In these ova the micropyle was generally found near the disc. Next morning 
(9 a.m. April 6) the blastoderm had made great progress, and the cells were nearly of 
equal size. At1p.M. it had extended almost as far as the equator. At 9 P.M. a large 
germinal cavity had appeared. On focussing down to the animal pole (the egg floating 
with the dise downward in the usual manner), a peculiar group of cells was visible, 
probably at the apex of the blastodermic cap, since the ordinary cells of the 
germ lay above them. Moreover, the two ova specially under examination presented 
certain (Brown1AN?) movements of the granules of the region, as if from decay, 
yet such could not have been the case, as subsequent progress proved. On the 
7th, at 9 a.M., the embryo appeared in the centre of the embryonic shield, as 
a long curved cylinder with an expanded and thickened head. It is proportionally 
longer than in round fishes, such as Gadus morrhua, G. exglefinus, and others. The 
cells of the blastoderm assume a honey-comb-like appearance—more distinct than in 
many Teleosteans. On the evening of the same day (the 7th) the optic vesicles are 
well developed, and the tail shows a more evident enlargement in front of the tip 
than in Gadus exglefinus. Kuprrer’s vesicle is present, while in many examples four 
or five smaller vesicles exist on the ventral surface of the caudal enlargement. On 
the 8th April, the vesicle referred to is larger, and situated just within the blunt knob 
of the tail. It is a large clear bubble-like vesicle, bounded by slightly granular proto- 
plasm (periblast) of variable thickness. The yellowish pigment, characteristic of this 
species, now appears in the form of rounded corpuscles (Pl. XIX. fig. 5), which do not as 
yet send out radial processes. Occasionally one or two clear vesicles occur under the head, 
and they have the same appearance as Kuprrer’s structures. No other organs, except 
muscle-plates and neurochord, are visible in the trunk. On issuing from the egg the 
larvee (Pl. XIX. fig. 5) float on the surface if lively, but if feeble they rest on the 
bottom in still water, z.e., in the tanks, though it is probable that this latter phenomenon 
does not occur in nature. They shoot with a wriggling motion along the surface, and 
are recognised by the beautiful yellow grains of pigment; they appear, in fact, like minute 
clubs of transparent tissue with chrome-yellow spots. One evident patch of colour 
lies above the posterior end of the yolk, and another midway between that point and 
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the tip of the tail. The pigment is also scattered along the sides of the head somewhat 
symmetrically, and produces a characteristic appearance. 

The mandible, about the eleventh day, has the form of a remarkable process in front. 
The larva differs from AGAssiz’s figure of Plewronectes americanus, and shows much more 
pigment. The anus is open or nearly so. Instead of the hollow urinary vesicle behind 
the rectum a merely granular band passes downward parallel to the anal tract. 

After the yolk has been absorbed, the little flounder presents a somewhat deeper 
aspect from increase of the marginal fin, as well as the more prominent pigment on it. 
Eight touches of black pigment occur at the margin of the dorsal fin and four behind 
the vent inferiorly. The large yellowish pigment-corpuscles (about eight in number) are 
confined to the body, only a series of minute ones being distributed on the marginal fin, a 
single speck generally existing in the centre of each blackish area. The latter are larger 
ventrally than dorsally. The trunk and intestine are minutely flecked with black points. 
The anterior region of the abdomen has a few yellowish specks. Ventrally about three 
yellowish touches occur along the edge of the muscle-plates. The eyes are bluish silvery. 
A dark mass of pigment lies internally at the pectorals, probably in connection with 
the segmental ducts. The anus is at the margin of the fin. Corpuscles occur in the 
heart. The mouth is widely open, and slight movements of the mandible take place. 

As already mentioned, the ova of this species are very hardy, and the larve 
after emergence will live for some days in a very small quantity of water, even if 
unchanged.* 

After the foregoing stages are passed, the little flounders are still pelagic, swimming 
about with eyes on both sides of the head. Like other flat fishes, however, as they get 
older they seek the lower parts of the water, though the eyes are still lateral and 
symmetrical. They are obtained by aid of the mid-water net at various stages in April, 
viz., some with the left eye still on its own side, though advanced a little and more 
prominent ; others show the eye on the edge in front of the dorsal ; while in a third 
series the left eye has gained the right side. | 

In April very transparent flounders, about 12 to 14 mm. in length, occur freely 
in St Andrews Bay, and also in the sandy pools amongst the rocks. A few weeks 
later (May 24) many occur at the mouth of the lade, which pours a fresh-water stream 
into the harbour, and are caught while swimming at the surface in company with Mysis 
vulgaris, young eels, and sticklebacks. These specimens had the eye at the edge, just 
as in the case of many caught in the sandy rock-pools. Moreover, each of the examples 
referred to had a parasitic Anceus Edwardi attached externally, generally near the 
margin of the muscle-plates at the base of the dorsal fin. When the crustacean was 
removed a deep pit in the tissues of the flounder showed the point of attachment. 
Further the Anceus immediately sought a new place, and began to pierce a fresh portion 
of the skin with its sharp spine-like gnathites, and tenaciously held to the fish. After 
boring a little, a tongue-like process was thrust out, apparently for suction. The irrita- 

* Vide remarks in Report of Roy. Commiss. on Trawling, 1885, p. 363. 
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tion thus produced caused the flounder to dart about with great energy.* Young 
flounders, colourless, and of glassy transparency, rapidly develop pigment in the laboratory. 

The remarkable appearance of the tail (opisthure, RypDER), with its marginal fringe 
of rays before any change takes place in the position of the eyes, recalls the condition of 
the tail in such extinct forms as Kiner’s Graphwurus callopterus, in which, however, 
the vertebral column is prolonged in a straight line, instead of being bent up, and the 
ordinary caudal rays pass dorsally and ventrally from it. Kuiner’s form referred to, came 
from the bituminous shale of Raibl in Karmarthen.t 

The young flounders proceed a considerable distance up the fresh-water stream at a 
stage somewhat older than the foregoing. 

If the forms observed in the muddy sand of the tidal pools, and also caught in the 
mid-water net in the bay in April, are the young of the season, their growth is re- 
markably rapid, even granting a much earlier period for spawning than has been observed 
at St Andrews (April). 

During April, May, and June, very small specimens of the flounder occur at St 
Andrews in the shallow rock-pools, containing stunted Algse (Ceramium and other 
forms), with a slight coating of grey mud. From their translucency the young fishes 
are invisible, especially on the greyish silt, in which they are often partially immersed, 
and, as ALEX. AGassiIz noticed, the two prominent eyes alone attract attention, while the 
bodies of the fishes themselves cannot be seen. They are elongated and slender, about 
12 mm. long and 5°5 mm. in total breadth at the widest part. At this stage the true 
pleuronectid features have been assumed. They swim with the dorso-ventral line horizontal 
(the right side uppermost), and dart about with rapidity, frequently in confinement leaping 
over the margin of the vessel. They are fond of attaching themselves to the perpen- 
dicular sides of a glass vessel, as if their left (white) side had a sucker, but the adhesion 
is simply due to the muscular action of the whole surface. Both eyes are visible from 
the right side, though the left eye is more or less lateral in position, or eapable of looking 
slightly downward. In company with them, plaice of the same length occur, being 
distinguishable as broader and thinner fish, with the left eye not so far to the right, 
and the ventrals as mere rudiments, while those of the flounder are well formed. 

The flounder is apparently a considerably older fish, and its left side is quite white, 
while in the plaice the pigments formerly mentioned occur. The coloration of the 
flounder varies rapidly, and though, when first captured, their anatomy is readily ob- 
served from their great translucency, yet, as indicated, a few days’ exposure to an in- 
creased amount of light, from absence of shelter in the tanks of the laboratory, causes 
such a development of pigment, that they are useless as transparent objects. The blackish 
pigment-spots persisting after preservation, present a close approach to those in the young 
plaice of the same size. Thus along the dorsal body-line five pigment-spots occur, and 
four along the ventral line, almost the same number as in the former species. The general 


* The food of these flounders consists of young Gammari and similar Crustaceans. 
t Sitzungsbr. der K. Akad. Wien. Naturwiss., Bd. 53 and 54, 1866, p. 155, Taf. i. fig. 1. 
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surface of the body is, however, much more generally studded with pigment-patches and 
cells, and the touches on the marginal fin are better developed. On the other hand, 
except a few minute grains along the body-line, the whole left side in some is white. 
The black pigment-spots in the American flounders, figured so deftly by ALEXANDER 
Acassiz, show similar features, and the spots described are very generally distributed. 

The diffieulties in diagnosing from size alone, are well illustrated in this species. 
Young forms, captured at different times, measured 9 mm. on the 15th April, 9 to 27 mm. 
on the 26th April, 15 mm. on the 24th May, 8 to 30 mm. on the 8th June, 10 to 18 mm. 
on the 18th June, 80 mm. on the 27th June, as well as 40 and 94 mm., while many 
ranged on each side of three-quarters of aninch. In July from 22to32mm. In August, 
many captured in sand-pools near the estuary of the Eden were only 12 mm. 

Rhombus maximus, Will.—The ripe ova of the turbot were procured from a female 
of 12 lbs., on the 10th July, during the trawling expeditions of 1884.* They are very 
small, only a little larger than those of the rockling, and the embryos, many of which 
were hatched from pelagic ova of the same appearanee, captured by the tow-net on the 
spot, are likewise small. This seems to have been the first occasion on which ripe eggs 
of this species had been procured in this country. No oil-globule is present. 

A post-larval form procured in August in considerable numbers, both south-east of 
the Isle of May and off the Isle of May rocks, is apparently the turbot. The youngest 
example, the eyes of which are still symmetrical, measures about 6 mm., with a maximum 
breadth of about 3 mm.t The larval tail projects backward and slightly upward, 
and is still surrounded by the embryonic fin. [t protrudes considerably beyond 
the inferior fin-rays developed beneath it. The head of the fish is proportionally large,— 
larger, as compared with the length of the fish, than in any other form examined. The 
mouth is large. The dorsal line is nearly straight from above the otocysts to the base 
of the tail, but. the ventral line slopes rapidly downward from the tail to the anus, and 
again rises with an anterior curve to the jaw. Thus the body has a triangular outline. 
The dorsal and anal fins have rays, and are of moderate length. Papillz indicate the 
rudiments of the ventral fins. Both surfaces of the body are minutely speckled with 
black points, but the right is more uniformly marked in this way. The specks extend 
to the marginal fins, but not over them. 

The changes which follow—as seen in the next older forms—are the slight increase in 
depth and roundness of the body posteriorly, the elongation of the rays of the marginal 
fin, and the appearance of five or six touches, caused by aggregations of dots, in the 
dorsal, the ventral still remaining speckled as before. The closely approximated ventral 
fins have likewise minute black points, but the pectorals remain pale.{ The right eye 
meanwhile is gradually passing upward, and the embryonic fin is rapidly disappearing. 

* Vide Report, p. 363. 


+ The spawning period of the turbot in the Bultic is given as May and June, but in the North Sea, July (Mésius 
and HEINCKE). 


t A larval pelagic flounder of Mediterranean (Peloria riippelit, Cocco) has remarkably pedunculate pectorals, a 
feature present in many young fishes (EMERY, Reale Accad. det Lincet, Classe di scienze fisiche, math, &c., xiv., 1883). 
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The next phase consists in the strengthening of the abdominal wall ventrally, the 
increase in the distribution of the pigment, the left side still remaining slightly speckled, 
while the right is densely coloured; the more distinct grouping of the pigment in 
“touches” in the fins both dorsally and ventrally, and in the progress of the right eye 
towards the left. The marked notch behind the angle of the mandible, and the elevation 
of the head behind the right eye, are also noteworthy features. When the right eye 
mounts on the dorsum, the dorsal fin forms a high arch over it, and the body has con- 
siderably increased in depth in comparison with its length. A specimen about 9 mm. in 
total length has a depth of 6 mm. Besides the “ touches” of pigment on the fins, a 
few minute blacks points are scattered over the left surface—the right being covered 
with minute dots almost as densely as before. 

A subsequent stage to the foregoing is shown in Pl. XIX. fig. 1, but no specimen in 
our collection affords the intermediate or transition-features so as to ensure certainty by 
continuity of stages. The occurrence of the pigment-touches in the dorsal and anal fins, 
however, and their character, the general shape of the body, and the appearance of the 
head, support the probability that they are stages of the same species. None show 
traces of the spines, although the right eye has now reached the edge of the face. The 
eyes appear to be larger. Though some examples are no longer, they are somewhat 
better developed, a feature common in such fishes, certain individuals often reaching an 
advanced stage more rapidly than others which are even larger. In such an example as 
figured in Pl. XIX. fig. 1, which was 9°8 mm. in total length and 7 mm. in total 
breadth, the tail measures 2°5 mm., so that the length from the snout to the base of the 

| tail is nearly equal to the total breadth. The mght or ventral surface is pale, with the 
_ exception of a few irregular black specks and streaks, while the dorsum is streaked across 
| with black pigment-bands, which have a remarkably regular arrangement, the touches in 
_ both dorsal and ventral fins being joined by intermediate streaks, the head and abdomen 
only showing scattered points. The under surface is quite pale, and thus contrasts with 
the minutely speckled right surface of the specimen in the earlier stage. The dorsal 
and anal fins have long rays toward their posterior border, and the body of the fish 
acquires a somewhat quadrate form. The ventrals still show the pigment-streaks, and 
thus are in uniformity with the anal in a lateral view. Moreover, a characteristic 
larval cuticular spine appears at the posterior part of the head, above the opercular 
margin, and somewhat in front of a vertical line running up from the pectoral, while 
a smaller spine projects a short distance beneath. Both right and left spines are well 
marked in another example a few mm. longer, and which shows a similar coloration. 
They are probably protective spines, since they disappear as the fishes grow older. Their 
appearance on both sides, after the right eye is at the edge, indicates the possibility that, 
for some time, the fish may occasionally resume the vertical position in swimming. 
Further, the presence of a young Caligus fixed to the right side supports this view. A 
_ specimen, 20 mm. long, captured at the surface, shows the right eye just on the ridge, 
_ with the dorsal fin close to its posterior border. 
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When the turbot reaches a total length of 21 mm., and when the left side has assumed 
the characteristic mottling of the adult, the spines above mentioned have disappeared 
from both sides, and the right shows minute black pigment-specks. The right eye is 
now on the left side, and the dorsal fin has advanced in front of it. The pectorals have 
considerably diminished, but the ventrals retain their proportional size. Specimens 
of these dimensions appear to be nearly a year old, and such are frequently found 
swimming at the margin of the sea. 

Our knowledge of the development of this species is meagre and very unsatisfactory. 
Thus BuckLanD says that the turbot spawns in early summer, PARNELL states in spring, 
and the young are seen in pools and on the surface in June and July. It is asserted in 
Day’s recent work* that “the young turbot would appear to swim on its edge fora 
longer period than the generality of our flat fishes;” and it is added that a specimen an 
inch and a half in length (August) may be taken to be two months old. -Day cites Mr 
Dunn to the effect that they are hatched in June or July. “For the first month they are 
quite black, and swim on edge like a ‘John Doree.’ Then their skin commences to mottle 
with white and brown, and their right eye begins to pass over to the left side of the 
head. Next they become white underneath, and of a light leaden colour on the upper 
surface, and during the period they remain of this shade on the back, which is until they 
have passed two months of age, they swim on the surface of the sea.” Some of the 
turbot of the east coast (Scotland) at any rate spawn in July. A female on the 10th of 
that month, as already indicated, contained many ripe ova, which were of comparatively 
small size and floated buoyantly in sea-water.t Unfortunately no male could be 
procured on the occasion in question; but many ova of precisely the same size and 
appearance were obtained on this ground in the tow-net and hatched, the larval 
fishes resembling in all the usual points those of other Pleuronectide. They are very 
small larval fishes on emerging, and experience has shown that they could scarcely have 
the size and appearance mentioned by Day in two months. 

So far as present knowledge carries us, the young turbot of the season, hitherto 
procured at St Andrews, measure about 11 mm.{ at the end of August. Others, again, 
captured in the estuary of the Eden on the 25th July, had reached 23 mm.; and one, 
from the surface, on the 20th August, 29 mm., some blackish pigment still remaining on 
the right side. In April, again, specimens about 6 inches in length occasionally occur in 
the salmon stake-nets, If these stages refer to a year’s growth, the latter would seem 
to be slow, yet only very great irregularity in regard to the spawning period would 
explain such differences. 

Rhombus laevis (Brill).—No ripe brill has hitherto been seen at St Andrews, and none 
occurred during the trawling expeditions in 1884. RAFFAELE considers that a pelagic ovum, 
with a large oil-globule, which he procured in February and March in the Bay of Naples, 
pertains to this species, and he is probably right. A similar ovum with a pale oil-globule 

* British Fishes. 
+ Report of H.M. Trawling Commissioners, 1884, p. 263. t Total length. 
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(which thus differs from that of the gurnard) has occurred in St Andrews Bay several 
times in February and March. The oil-globule did not appear to be proportionally large, 
and lay in the yolk under the lateral expansion of the embryo. The pigment ‘in the 
latter was well developed, and mainly yellowish, though black chromatophores were also 
present; the eyes were silvery iridescent in the most advanced forms. From the 
resemblance of the contained embryo to the plaice it was at the time supposed to be 
that of the brill, and subsequent consideration of the remarks of other observers 
have strengthened this view. 

A specimen, apparently of the brill, though resembling the megrim, about 12 mm. in 
length, with a breadth of about 6 mm., was procured on August 31, 1886, off the Isle of 
May. The dorsal fin has about six dark bands at intervals, and the anal, which was 
much injured, seems to have had similar touches. The right (ventral) surface, again, 
instead of being white, is everywhere minutely dotted with black points. On comparing 
with a turbot (Rhombus maaimus) of the same size, the body is seen to be narrower, the 
eyes larger, and the pectoral fins somewhat larger, while the comparative absence of 
pigment from the dorsum, and its presence, as minute dots, on the ventral (right) side 
are also diagnostic. In the former the head has less of the angular form of the turbot, 
this difference being mainly caused by the roundness of the angle of the mandible, and 
the smallness of the mouth. The specimen certainly resembles Arnoglossus; but the 
last-named feature, the smallness of the mouth, is a point of dissimilarity. 

The subsequent stages of the brill have not yet been fully investigated, and they are 
not often met with in St Andrews Bay, not hitherto, indeed, till they reach 10 to 11 
inches, when they are common in the local trawls in September.* 

Solea vulgaris, Quensel.—On the 1st August 1884, a sole was captured 10 miles 
from land (off St Abb’s Head), with ripe ova, which floated buoyantly.t No male was 
obtained, so that the development could not be followed. Mr Cunnineuamt{ gives March, 
_ April, and May as the spawning period of the sole, but he had overlooked this observa- 
tion. Off the eastern shores of Scotland, therefore, the period extends from May to 
August. 

In the mid-water net on the 6th July a few eggs appeared for the first time along 
with some of the gurnard, and they have since been more plentifully obtained by the 
trawl-like tow-net on the bottom towards the middle or latter end of May. Like other 
pelagic ova they are translucent, but they have the peculiarity of a more or less complete 
ring of minute oil-globules in groups, of a yellowish-white colour from refraction of the 
light, for when viewed by transmitted light they are faintly straw-coloured. When 
floating, the ring of oil-globules is superior as in other instances, the dise being inferior. 
Besides the ring mentioned, a few small groups occur here and there at other parts. 
Under a lens the egg indeed appeared to be flecked with yellowish-white pigment. In 


* Vide Trawling Report, pp. 358 and 361. 
+ Report of the Trawling Commissioners, p. 363. 
+ Jour. Mar. Biol. Assoc., N.S. i. p. 18, where an excellent account, with figures, of the early stages is given. 
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diameter the ovum measures ‘045 inch. The large oil-globules have a diameter of ‘0015 
inch, while the smaller measure ‘0004 inch in diameter. The capsule, in a few slightly 
undulated, is somewhat thick and tough, so that considerable force is necessary to rupture 
it. The zona is very distinctly punctate, even more so than in that of the plaice 
(Pl. I. fig. 20). In one example the surface of the zona was covered with flattened 
papille, giving it a scabrous aspect (Pl. X. fig. 7). In the early condition of the blasto- 
derm the border of the yolk under it presented a few large vesicles (Pl. XXII. fig. 1), 
which projected beyond the edge of the periblast, and at a later stage this vesicular 
condition extended round the greater part of the yolk, except just at the tail of the 
embryo. Moreover, pigment rapidly develops over the surface of the yolk as well as 
on the head of the embryo, and it has a dull whitish or faintly yellowish hue, in marked 
contrast to the yellow tint of the gurnard. 

When the embryo is fairly formed (PI. II. fig. 11), the groups of oil-globules change 
their position, most occurring along the ventral surface of the embryo, as in the egg of a 
Solea (?) described by RarrakE.E (No. 125a, p. 42, Taf. 1, figs. 33 and 34).* 

The oil-globules in this egg comport themselves differently from the single globule in 
other eggs, e.g., of the gurnard. They do not move freely, so far as observed, at any 
period of development, but retain their positions during the motions of the ovum. Their 
relation to the periblast must therefore differ materially from that in the gurnard already 
described. RAFFAELE considers they are in the cortical protoplasm, which divides the 
vitelline segments, and move with the latter. They certainly advance with the rim, 
but their subsequent arrangement under the developing embryo is a remarkable feature, 
indicating, indeed, the probability that something like a streaming of the protoplasm of 
the periblast takes place about the period of the closure of the blastopore, so as to carry 
the globules under the developing embryo. — 

While in the living egg the foregoing is the condition so far as can be observed, it is 
otherwise in the dead egg after the lapse of a day or two. In a dead egg at the morula- 
stage, the oil-globules (now somewhat larger and of a dull yellowish colour) had grouped 
themselves at the upper pole, the disc being at the lower. When the disc was placed 
uppermost the oil-globules moved up to it at first apparently on the surface of the yolk, 
but a more minute examination showed that they also moved through the yolk. It is 
clear, therefore, that a change had occurred in the protoplasmic investment of the yolk so 
as to release the oil-globules, which to some extent had coalesced, and permit them to 
pass through it. 

The eggs develop with moderate rapidity, so that those with the rim about a third 
over, and which presented segments in the periblast under the blastoderm (forming the 
vesicular condition), hatched on the fourth day thereafter. The larval sole is a character- 
istic form (Pl. XVII. fig. 13), the entire body, yolk-sac, and marginal fin being minutely 


* Mr Cunnineuay, in his recent paper, describes the oil-globules as aggregated on each side of the embryo, though 
there are a few groups at other parts of the surface of the yolk. He figures other stages than those given in this 
paper, and shows the vesicular condition at a different period from that in our fig. 1, Pl. XXII. 
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speckled with opaque yellowish-white pigment. This pigment is arranged in interrupted 
touches on the body and marginal fin (dorsal and ventral), behind the yolk-sac, so that 
the pleuronectid character is early indicated. Moreover, the presence of pigment at 
the extreme margin of the fin, both dorsally and ventrally, gives great apparent depth to 
the body of the fish. The yolk-sac is comparatively large and globular, sustaining the 
larval fish readily in the water, either as in ordinary cases (sac uppermost), or sispended 
from it tail downward. Occasionally it remains in a vertical position with the head 
downward. The large and rounded condition of the yolk-sac causes the active little fish 
to roll over during progression, so that it often advances in a screw-like fashion. While 
in lateral view the yolk-sac is somewhat ovoid, it is quite circular when seen either from 
the front or the rear (Pl. XXIII. fig. 10). The same condition probably causes the larva 
to make frequent gyrations. It would appear to be one of the most restless of the group, 
seldom remaining quiescent under examination more than a few seconds. It is not quite 
8 mm. in length. The oil-globules form two main groups, one series running from the 
heart obliquely backward to the region of the pectoral fin, the other at the posterior 
part of the yolk, and extending ventrally along the posterior border (see fig. 13, Pl. XVII). 
They slightly vary in different specimens. One or two isolated groups also occasionally 
occur along the ventral border. All retain their periblastic position. No pigment other 
than the superficial chromatophores exists in the eyes. 

The vesicular condition of the yolk is not readily seen after hatching, though it can 
be made out by manipulation of the light, or in favourable positions. The vesicles 
appear to be flattened out at the margin of the yolk. In a specimen of the first day, 
peculiar vesicles, having a faintly pinkish hue like those of the blastodisc of the haddock, 


_ were visible on looking down on the yolk-sac of the larval fish floating head down- 
_ ward (Pl XXIII. fig. 10). They were grouped in the neighbourhood of the posterior 
| oil-globules, and occurred nowhere else in the yolk. They differed in appearance 
_ from the ordinary vesicles at the border of the yolk, and resembled peculiarly modified 
_ protoplasm. Their globular condition was distinctly visible during the motions of the 


larva, and they were situated in the transparent yolk within the oil-globules. One of the 
vesicles presented a series of minute granules in its interior. They were observed subse- 
quently in various specimens. 

One example presented a vesicular process over the brain, so that it had a hooded 


aspect, but this enlargement appeared to be abnormal. 


On the second day the yolk has considerably diminished, and the posterior border 
carries the groups of oil-globules forward with it, leaving a larger space between it and 
the vent, while the pericardial chamber has become distinct in front. Minute pigment- 
specks now appear in the eyes. The peripheral segments of the yolk are still indicated. 

On the fourth day the yolk has still further shrunk. The cavity of the mouth is 
formed, though no external aperture yet exists. The vent has not yet opened, indeed 
the gut terminates a little within the margin of the fin. The clear vesicles observed in 


_ the yolk of the former specimen were still visible, and one had a minute globule of oil in it. 


| 
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A feature of interest in several was the remarkable size of the optic lobes, which projected 
dorsally so as to give the head a “ hooded ” aspect, as in the condition before mentioned. 
The agility of the little larva is characteristic. 

Three days later the activity of the larval fish had become even more marked, and it 
seemed in a state of perpetual movement, the only interval being for a second or two 
after a long course through the vessel. This almost ceaseless movement is probably 
connected with respiration, the now widely open mouth being driven against the water 
which thus rushes into it. The pectorals vibrate like those of Hippocampus (a re- 
semblance the more appropriate from the dermal process on the vertex), and the tail 
appears to move as rapidly. The larval soles chiefly kept the bottom of the vessel at 
this stage, swimming obliquely with the head directed downward, as if boring into the 
bottom or sides. Occasionally, however, a swift dart was made right across the vessel, 
or a shorter one as if capturing prey. The mandible moves rapidly as in respiration. 
The yolk has now diminished to a small mass anteriorly—with the groups of oil-globules 
crowded together, while the posterior region of the abdomen is occupied by the viscera. 
This forward progress of the yolk is interesting, for while different conditions occur in 
different groups, one of the most common is the absorption of the anterior region, 
and the consequent presence of the diminished yolk posteriorly. Another feature 
of note is the occurrence of a prominent fold along the ventral margin of the abdomen. 
The pigment seems in some to be more ochreous, and to have less of the dull yellowisli- 
white (like Tripoli powder) so characteristic of the early condition. Along the dorsal 
margin of the muscle-plates are a series of pigment-patches, which appear to be more 
numerous than in the example of the post-larval stage elsewhere described,* but variations 
may occur in this respect. 

As the larval sole gets a little older, for instance two days subsequent to the preceding 
stage, the pigment becomes more distinctly ochreous, and the yellow chromatophores 
along the dorsal edge of the muscle-plates show signs of increase. Moreover, the pigment- 
spot on the occiput so characteristic of the subsequent stage is outlined. Eight distinct 
pigment-patches occur behind the former, one of the posterior (seventh from the occipital) 
being larger and almost meeting that from the inferior edge. The character of the head 
is as peculiar as in the previous stage, and the eyes are directed more or less forward 
(forward and outward), so that the active little fish can readily see in front. The yolk 
has now shrunk to a small mass under the liver—in front of the gall-bladder, and is not 
easily distinguished. ‘The change from the buff or stone-coloured, or even the dull 
yellowish-white, of the early stage, to the ochreous tint of the present one is a feature of 
interest. Moreover, one of the most marked changes is the disappearance of the yellowish- 
white pigment from the edge of the marginal fin, so conspicuous in the early larva, and 
which renders it so easily observed in a glass vessel. The speckled condition may be 
associated with the more helpless stage, when, perhaps, it frequently rests on the 


* Vide Ann. Nat. Hist., Dec. 1888, p. 469, and Seventh Annual Report, Fishery Board for Scotland, 1889, where a 
coloured figure is given. 
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bottom, but this is conjectural. At any rate, the border of the marginal fin, at this 
and the subsequent stage elsewhere figured, is so translucent as to be generally in- 
visible, only the pigment-touches arising from the border of the muscle-plates being seen. 
The other parts of the head and body, as well as the ventral surface of the abdomen, are 
speckled with ochreous and black pigments. It would seem that the pale buff or yellowish- 
white pigment of the early larva is transitory, for by and by the ochre-yellow, beginning 
at first as very minute points over the head and body, gradually spreads and supersedes 
the yellowish-white, which disappears. The differentiation between the two is clearly 
seen at certain stages, the yellow being characteristic of the body, the pale buff or whitish 
of the marginal fin. The pectorals have their fan-like distal regions directed forward, so 
that the larva seems to row itself onward by their rapid motion. The basal parts of the 
pectorals are also invaded by the yellowish pigment. The eyes are silvery with black 
pupils, and a dark arch occurs superiorly. The great depth of the head and the prominent 
ridge over the optic lobes are characteristic. Moreover, the skin-fold along the median- 
line of the abdomen next day was marked by a central hiatus, so that it formed two 
portions. Further, the anterior one in a day or two became broad and almost vesicular. 

Zeugopterus punctatus.—A female example distended with ova was obtained in a pool 
near the Jaboratory, on the 16th May. Most of the ova were unripe, but here and there a 
translucent egg (Pl. I. fig. 6) occurred, especially anteriorly. They had a diameter of °042, 
that of the conspicuous oil-globule being ‘008. Though, in all probability, not so large as 
perfectly mature eggs discharged into the sea, the size is approximative. As might be 
expected from the comparative scarcity of the adult off the eastern shores, the pelagic ova 
are extremely rare in tow-nets; indeed, so far as known, none have been met with. 

A post-larval example, 9 mm. long., was captured by the mid-water net at 25 fathoms, 
south-east of the Island of May, 30th August 1886, though unfortunately it was consider- 
ably injured. It is easily distinguished from the turbot of the same size by the much 
larger bright silvery eyes, and by the outline of the body. The right eye is prominent 
on the edge and its axis is directed laterally. The abdomen appeared to be prominent. 
It is an older fish than the turbot of the same length. 

The size and prominence of the eyes in the latter stage is noteworthy, for when the 
fish reaches the length of 34 inches they are proportionally less, and moreover they are 
deeply sunken. 

Unknown Larval Pleuronectid ? (A).—When using the tow-net on July 9, 1884, ona 
trawling expedition 47 miles east by south of the Island of May, and over very rich ground, 
a larval fish about 3 mm. was obtained by one of us. At first sight (after preservation) 
it resembled a heteropod, for a cylindrical process projected from the anterior end, and the 
position of the yolk-sac and other features increased the likeness. The anterior process, 
however, is a hernia cerebri, and it must be remembered that the optic lobes in the Pleuro- 
nectids are prominent. ‘lhe mouth is indicated by a faint slit. The marginal fin is well 
marked, extending from the front of the head to the tail, then forward to the anus. Here 
it splits, a fold running along each side of the yolk-sac to the posterior part of the mandible. 
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No form hitherto chained shows this double frill so well, a feature probably connected 
with the peculiar condition of the ventral surface of the abdomen. In relation to the 
latter, we have immediately below the small and vertically elongated pectorals a spherical 
body, the liver, then a smaller mass (gut ?), and lastly the large ovoid swelling of the 
yolk, which is closely applied to the gut above and to the rectum behind. The latter is 
well marked, and appears to open by an anus at the tip. 

Unfortunately the preservation of this specimen was defective and the sections unsatis- 
factory, but one feature of note was observable, viz., the fact that the yolk contained a 
large oil-globule surrounded by a belt of protoplasm in which were a series of small 
oil-globules, which thus formed a ring round the larger central one. The lateral fold on 
each side of the yolk showed epiblast outside a core of intruding mesoblast. 

Certain features in this form approach those of the larval Arnoglossi, described by Dr 
RAFFAELE (125a, pp. 49-55). Zeugopterus, Rhombus levis, and probably other Pleuro- 
nectids, however, also have an oil-globule in the egg. 

Ovum of Pleuronectid (B)—with large perivitelline space.—This large ovum, 
frequently met with in the trawling expeditions of 1884, and every year since, 
is characterised by its large perivitelline space, in which the yolk with the early blastoderm 
floats freely like a globule. At a later stage (Pl. XIII. fig. 3) the yolk keeps the 
upper arch of the egg with the embryo curved beneath. The zona radiata is com- 
paratively thin, and it is sometimes difficult to obtain a clear view of the minute 
punctures (Pl. X. fig. 8). It is, however, not devoid of toughness. The contained 
embryo shows chrome-yellow and blackish chromatophores, the former extending nearly 
to the tip of the notochord. The newly hatched larval fish has been figured and described 
elsewhere,* so that it is only necessary to mention the later stages. The larval fish 
during the absorption of the yolk often shows prominent processes projecting from the 
surface of the yolk into the anterior space. When the yolk has been absorbed the fish 
presents three distinct yellowish bars behind the vent (PI. XVIII. fig. 2), another at the 
latter (vent), and a line along the dorsum of the intestine, besides various touches of the 
same on the head and elsewhere. Stellate black pigment-corpuscles occuz along with the 
yellow, and in the early condition are present over the yolk. The eyes soon assume a 
silvery aspect. The larval fish is active and comparatively large, resembling in certain 
respects the plaice. It is probably a pleuronectid. 

Mr CunnincHaM describes the same egg before hatching.t It is not uncommon both 
in St Andrews Bay and in the open sea beyond. 

Unknown Ovum (C).—Besides the foregoing, a small undetermined ovum occurred in 
the mid-water net in April, and probably belongs to the same group (Pleuronectide). 
The contained embryo is comparatively large and fills up the capsule almost completely. 
The larva issuing from this egg is represented in fig. 1, Pl. XVIII., the dull brownish- 
yellow pigment being characteristic. Moreover, the mouth of the embryo is open at the 
period of hatching—as in the plaice. 

* Vide Seventh Annual Report, Fishery Board for Scotland, 1889. t Op. cit., p. 105, pl. vii. fig. 2 
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Clupea harengus, L., and. remarks on Clupeoids.—The youngest stages (A) of the 
herring were those hatched in the laboratory, 6th March 1885, and they measured 7 mm.* 
They are distinguished by their elongation, by the situation of the anus, which lies behind 
the commencement of the posterior sixth of the body, by the vesicular yolk, and by the 
ovoid condition of the yolk-sac. The mouth is conspicuous in some, in others it is not 
visible, therefore it is probable that there is diversity in regard to the degree of develop- 
ment at the period of hatching, as indeed the variable length shows. The pectorals stand 
at a slight angle to the body. The marginal fin is dilated in the caudal region. These 
specimens seem to be larger than Dr Mryer’s Baltic herring, which were only from 5:2 
to 5°3 mm. in length, and the same length is given by KUPFFER. 

Considerable progress had been made on the second day (stage B), for good examples 
measure 8 mm., and the body is less filmy. ‘The yolk-sac is elliptical rather than ovoid, with 
the marginal fin carried forward on its surface posteriorly. A slight opacity occurs above 
and below the tip of the notochord. An opaque internal process also appears some distance 
in front of the anus. The mouth is a mere fissure, for the mandible is not much developed. 
A faint black pigment-line runs along the ventral border from the yolk-sac to the anus. 

The next stage (C) is represented by examples caught in the mid-water net at 4 fathoms 
off the East Rocks, 29th March 1887. These Clupeoids are now about 10 mm. in length. 
The general outline of the fish is still much elongated, the snout is blunt, the eyes 
large and prominent, with a silvery lustre and a black arch of pigment superiorly. The 
mandible projects considerably in front of the snout. The otocysts are so large and pro- 
minent that the body appears to come off abruptly from the anterior region. The pectoral 
fins are similar to those in the foregoing stage, but the marginal fin has disappeared from 
the body, and a small elevation occurs on the dorsum (noticed even in examples two days 
old), some distance in front of the anus. The caudal arises about midway between the 
anus and the tip of the notochord (which is quite straight). Its outline is spathulate, 
and there are many embryonic rays. The ventral pigment now forms a dotted line on 
each side, between the pectoral region and the anus, and some specks also appear on the 
ventral border of the notochordal region at the tip of the tail. The anus is at the com- 
mencement of the posterior sixth of the body. 

This form is evidently considerably older than the second, as the advances in the 
head, the hyoidean, branchial, and mandibular regions show. The branchial arches project 
freely ventrally. It is probable that it is at least a week or two older, a period which 
would correspond with the deposition in March, and those captured appeared to be about 
the same age, and were in great abundance amongst Sagitte, Meduse, Zoew, exuvise of 
Balani and other forms. Meyer observes that free herring at the age of a month are 
17 to 18 mm. in length, so that the foregoing, according to this author, would be consider- 


ably less than a month old. It has to be borne in mind, however, that there is great 
variation in the growth of fishes. 


* The form of these was much more elegant than the larval herring represented by Mr CunnineHam, Trans. Roy. 
Soc. Edin., vol. xxxiii. pl. i, fig. 3. 
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About a fortnight later, viz., on the 14th April, young Clupeoids (stage D) were 
procured off the Pier Rocks by the mid-water net at 4 fathoms, along with a few young 
sand-eels, which are distinguished in spirit by their greater opacity and the larger pigment- 
spots forming an interrupted ventral line, as well as by the more or less median position 
of the anus. They are now from 12 to 15 mm. in length, and show the interrupted line of 
black pigment-spots from the pectorals to the middle of the body, after which the spots 
are so closely approximated that they seem to form one line to the anus, which has a 
speck or two externally on each side. These pigment-touches are all elongated antero- 


posteriorly, those behind the middle being linear. A few specks also appear on the © 


ventral part of the caudal, next the notochord, and sometimes above the latter in those 
most advanced. The somewhat thick notochord passes straight backward, and the 
general outline remains spathulate. The embryonic fin-rays are still present, but the 
ventral region of the tail shows considerable opacity from the development of the 
hypural elements. A delicate narrow marginal fin is continued forward from the tail to 
the vent, and from the front of the latter a thin border runs ventrally almost to the 
pectoral region. Dorsally in the region of the process formerly noticed (1.¢., above a 
vertical line in front of the anus), a permanent dorsal fin is developing, its posterior 
border being somewhat abruptly sloped, while its anterior runs into a thin marginal fin 
which proceeds some distance forward. The base of this fin is opaque. The upper jaw 
has increased in length, but the mandible is only slightly longer. The mouth forms a 
large transverse slit. The brain and spinal cord are clearly seen anteriorly, and the 
otocysts are still large. The branchize communicate freely with the water. 

At this stage the fishes are probably not less than a month old. 

On the 28th April (two weeks subsequently) most have reached the length of 16 mm. 
(stage E), and the depth of the body has notably increased. The dorsal fin is larger, and 
so is the caudal, while the ventral opacity in the latter is also greater. The ventral and 
caudal pigment is more distinct, and most specimens present a median streak of pigment 
in front of the pectorals. The opercular fold is now growing over the branchiz, which 
do not yet show papilla. Viewed from above, the snout is broadly spathulate ; and the 
alimentary canal is generally empty. Four days later all the structural features just 
mentioned were better marked, and the notochord showed a tendency to bend upward 
at the tip, but there was no increase in length. 

A notable enlargement was observed on the 16th May (stage F), the length being 
now 20 mm., and the depth in the median region of the body was much greater, the part 
immediately behind the pectorals having, however, a less depth than the succeeding, but 
it was thicker transversely, so that there was less abruptness between the head and the 
body. The pigment-touches along the ventral edge are much larger, still, however, 
preserving their elongated shape and disposition—that is, arranged as an anterior series 
of larger and a posterior of smaller specks terminating at the anus. The latter is 
situated at this stage about the commencement of the posterior seventh of the body, 
The snout retains its spathulate outline, the pectorals are large, and the dorsal shows 
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fin-rays ; the position of the latter fin, moreover, is unaltered. Behind the anus the fine 
rays of the anal fin are visible for some distance. A marked thickening, forming a rounded 
boss anteriorly, now exists under the tip of the notochord, which is slightly bent up. 
True caudal rays occur from the latter thickened region to the tip of the notochord, the 
embryonic fin completing the margin dorsally and in front ventrally. The direction of 
the inner border of this hypural thickening is from above downward and forward, the | 
pigment marking it externally. The tail is thus being pushed upward. ‘This stage is 
probably between two and three months old. 

The next stage (G) at present available is illustrated by a specimen procured on 
Ist July, and measuring 27-28 mm., or about 1,4, inch. This has now assumed most 
of the characters of the adult. Thus the head has become more elongated and com- 
pressed laterally, and the upward bend of the mandible is marked. The depth of 
the body has much increased, so that the fish appears to be shorter. The dorsal fin 
is shorter, and has an elaborate muscular ridge at its base. It stretches from a line 
over the tips of the ventrals to the first third of the anal. No part of it extends 
in front of the ventrals—that is, it does not reach their anterior ends. <A row of black 
pigment-spots runs on each side of the dorsum backward to the dorsal edge of the 
caudal, The anal begins at the posterior fourth of the body, instead of the posterior 
sixth or seventh, as in the earlier stages, and such is therefore a distinctive feature. 
The pelvic fins arise from a point rather in front of the middle of the body, and thus 
their position differs from that in the adult. The pectorals are still proportionally 
large, with a fan-shaped basal region and expanded rays. The caudal is deeply 
bilobed. When viewed from the dorsum the head smoothly glides into the body—from 
the great increase in the thickness of the latter. The caudal is homocercal, the basal 
(or hvpural) region having a double crescent, and the pigment has increased in this 
and the neighbouring part of the base. 

This form may fairly be considered as representing at this period the direct continua- 
tion of the stages formerly mentioned, though perhaps it is an advanced one of the series. 

The second series of the season commenced with two examples procured on the 30th 
August. They nearly correspond with stage D of date 14th April. 

On the 24th September, again, three stages occur, viz., those corresponding to stage 
E in spring ; secondly, one, though only measuring 14 mm. in length, showing a further 
stage of development than stage F of 16th May (and possibly a sprat), for the hypural 
elements form a nearly straight vertical edge posteriorly, and the tip of the notochord 
projects from the upper angle; and thirdly, one a millimetre or two shorter than stage 
F, but somewhat more advanced than the previous (stage 2) in regard to depth of body, 
firmness of muscle, size of dorsal fin, and especially in the condition of the caudal, which 
has a straight vertical edge, with the permanent dorsal rays developing over the tip of 
the notochord. | 

_ A considerable margin must thus be given in regard to the spawning period. 
On the Ist of October, again, one corresponding nearly to stage 2 of 24th September 
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was procured, the posterior edge of the hypurals not being quite vertical; while the 
upward bend of the notochord is in the form of a gentle slope. 

Various stages were obtained on the 11th October in the same haul of the net, the 
earliest being like those last mentioned (1st October). The most advanced (about 19 or 
20 mm. in length) had well-marked dorsal and anal fins, vertical hypurals, and just a 
trace of a notochordal spike at the dorsal edge, and therefore intermediate between F 
and G (1st July). 

These remarks would tend to indicate that, at least, two spawning periods, as already 
known in regard to ova, occur in the neighbourhood. 

Some whitebait procured in the Thames in June measured from 38 to 40 mm., and 
presented most of the adult characters. These perhaps represent the young of a late 
autumnal brood, though, judging from those procured in St Andrews Bay in July, a close 
approach must be made by the winter broods, especially in the warmer southern waters. 
MEyEr’s statistics would further corroborate this view. Similar Clupeoids abound in St 
Andrews Bay in March, and these may fairly be held to be the young of the previous 
season. According to MevEr’s statistics, such would be about 5 months old, but probably 
they were from the ova of August, a period of seven months. 

The gradual change in the position of the anus, by the elongation of the region 
between it and the tail, is noteworthy, as also is the relative position of the fins in the 
young and in the adult. The latter, which has been called the migration of the dorsal 
forward, was pointed out clearly by SuNDEVALL and various subsequent writers, and 
appears to be characteristic of the Clupeide. The recent remarks of F. RAFFAELE 
(No. 125a) on this subject are of much interest. 

Clupea sprattus, L.—About the beginning of May numerous transparent ova having 
a delicately reticulated yolk and somewhat thin zona radiata occurred in the bottom 
trawl-like tow-net. They appear to be the same as HENSEN first found in the Baltic, and 
CUNNINGHAM obtained in the Firth of Forth west of Inchkeith, and which are described 
and figured by him. HENsEN truly indicates the pelagic egg of the sprat as having a thin 
and transparent zona; while the larval form, he states, is distinguished from that of the 
herring by a slight flexure of the intestine.* Many are not quite round, their long 
diameter being ‘044 inch, and their short diameter ‘039. The reticulations of the yolk 
(Pl. I. fig. 5) are very fine, and much less distinct than indicated by Mr CunniNGHAaM, the 
margins of the sphere in an ordinary view presenting a confused series of lines. These 
eggs occur in very considerable numbers, and are evidently those of an abundant species. 
They are easily recognised from ova which resemble them in size by their translucency 
and the colourless embryo. They develop very quickly, and the larva soon escapes as a 
translucent form about 3°6 mm. in length, and, as Mr CUNNINGHAM says, is at first devoid 
of pigment. It is a characteristic Clupeoid (Pl. II. fig. 13), with the anus situated 
posteriorly. The yolk has the same kind of reticulation as described above, and it is 
comparatively large. Well-marked sense-organs are present on the sides, the last pair 

* Funfter Bericht der Komission 2. wiss. u. d. deutschen Meere, 1887, p. 40. 
VOL. XXXV. PART IIL. (NO. 19), OR 
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(opposite the anus) being larger than the others. Five pairs occur behind the yolk-sac, 
while a sixth exists in front of its posterior border. These organs are not opposite each 
other, but the left is a little in advance of the right. The marginal fin is not deep, and 
extends a short distance on the yolk. Very fine cells are visible on its surface. 

The young fishes are somewhat delicate in confinement, the oldest example reared 
in the laboratory being represented in Plate II. fig. 13a—about nine or ten days after 
hatching. The yolk-sac has now shrunk considerably, and the snout projects forward as 
a blunt process. The surface of the yolk-sac anteriorly in one example is minutely 
papillose, but this is probably an abnormality. The pectoral fin is well developed, and 
the eye is slightly silvery. The mere change of these young fishes from a deeper to a 
shallower vessel suffices to cause distress, with speedy opacity and death. 

Ammodytes tobvanus, L.—Young sand-eels were found during the Trawling Expedi- 
tions in great numbers about the middle of April,* and they are similarly met with 
annually in St Andrews Bay, generally at a depth of 4 fathoms. 

The youngest form associated with the sand-eel was procured in the mid-water net on 
the 29th March, and measured 6 or 7 mm. in length. The body is slender and elongated, 
while the head is large and bluntly rounded in front. The mandible projects considerably 
beyond the premaxillary region when the mouth is widely open. The pigment of the 
eyes (in spirit) is black, and scarcely a trace of the silvery sheen is noticeable. The eyes 
closely abut on the front margin of the snout. The notochord passes straight backward 
in the centre of the tail, which has only the fine and symmetrically arranged embryonic 
fin-rays. The delicate marginal fin had been injured, and only a remnant existed in front 
dorsally. The pectorals are largely developed. The anus opens about the end of the 
middle third of the body. Black pigment-specks are distributed along the ventral 
surface, viz., a single line from the pectorals a short distance backward, then a double 
line (on each side of the gut) to the anus. Behind the latter a very chonely dotted line 
extends to the base of the tail. 

A large number of larval forms similar to the foregoing, though somewhat longer 
(9 to 11 mm.), abounded in St Andrews Bay about the beginning of April, but their 
identity is at present uncertain. | 

What appears to be the next older stage (between 8 and 9 mm.) was captured on the 
14th April. The marginal fin (which occurs all round) shows no differentiation, but the 
increase of the hypural elements and the true fin-rays inferiorly cause a slight upward 
bend of the tip of the notochord. A single dotted line of pigment passes from the 
pectorals to the tip of the tail, and a series of large pigment-corpuscles exists on each side 
of the alimentary canal in the middle third. The eyes now show a slightly silvery sheen. 
The mandible is still prominent. Cartilaginous rays occur in those parts of the dorsal and 
anal fins behind the vent. The pectorals are very large, much larger proportionally 


* Mosius and HEIncKE give the spawning season of A. lanceolatus, according to BLocn, in May, and mention that 
Mat found a female with enlarged ova in June. A. tobianus, again, is said to spawn in summer (¢.c., from May to 


August). 
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than in the adult, the basal region being massive and muscular, while the distal forms 
a broad fan-shaped fin still having embryonic rays. It would appear that the relative 
sizes of the basal and the distal regions of this fin vary according to the different stages 
of the young fishes, the basal being especially large in the early larval condition, and 
gradually diminishing as the older stages are reached. These form most efficient organs 
during the purely pelagic life of such fishes. The branchial arches show small rounded 
papilla: (representing the branchial lamelle). The otocysts are large and prominent. 

This form seems to vary considerably in length in the subsequent stages, thus, ¢e.g., 
on the 28th April, some, though further advanced in general structure, were shorter than 
in the earlier condition. The snout shows less of the previous disproportion—the pre- 
maxillary region having grown outward so as to project almost as much as the mandible. 
The tail forms a symmetrical fan-shaped organ, the base presenting a straight vertical 
line (hypural), while the upper edge is pointed, from the tip of the notochord. The 
marginal fin is prominent from the vent inferiorly, and somewhat in front of this dorsally, 
rising a little in each case in the middle, and diminishing toward the tail, which it 
joins. Permanent rays occur in both, the anterior and posterior ends, however, being 
devoid of them. The black pigment forms in front of the anus two lateral rows of large 
spots, and a median more continuous series as far as the anus; while behind the latter a 
row of smaller specks exists on each side of the median line. Just in front of the 
pectorals a black pigment-bar occurs on each side. 

At 12 mm. in length (also in April) the body has considerably increased in depth, 
while the tail-fin is now more elongated, and presents a median notch. The fin-rays in the 
dorsal extend distinctly forward to a line running upward from the anus, and less clearly 
for some distance in front of this. In the anal fin the rays reach the anus. These fins 
are at this stage distinctly separated from the caudal, and the base of the latter has a 
double crescent at the edge of the hypurals. The oblique bars of pigment in front of the 
pectorals, and the black pigment-spots along the ventral line are well marked, especially 
in front of the anus. The anal has now a double row of minute black pigment-specks 
at its base, a feature apparently coincident with the development of the rays. The 
mandible slightly projects beyond the premaxille. On 28th April they ranged from 
9 to 14 mm. in length. Like other food-fishes, this species is subject to the attacks of 
parasitic young Caligi. 

The next stage in the collection was procured in the mid-water net on the 5th May 
1887, at the depth of 4 fathoms on 6 fathom ground, and they reached from 17 to 18 
mm. in length, though some were less. The shape and arrangement of the pigment-spots 
generally agree with those mentioned in the last stage. The tail still shows two hypural 
crescents—with a dotted line of pigment running from the dorsal to the ventral edge. 
The rays of the dorsal fin, though short, can be traced forward to a point midway 
between the anus and the pectorals. The eyes are still proportionally large, and the 
mandible projects in front of the premaxille. The branchie have simple papille, with 
at most traces of crenations at the sides, and the gill-rakers are developing. The same 
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stage was found on the 11th October 1886, so that either the spawning period is pro- 
longed, or two spawning periods occur. 

On the 7th May 1884, a form still further advanced was caught in the tow-net in 
Aberdeen Bay, its total length being 27 mm. This would therefore correspond in some 
respects with the progressive growth of the foregoing, though the irregularity in this 
respect of marine as of fresh-water forms renders great caution necessary. The dorsal fin 
has now nearly reached a vertical line from the tip of the pectorals, but not quite, and it 
shows short fin-rays anteriorly. From the vent backward both dorsal and ventral fins 
have long rays—much longer than in the previous stage. The hypural crescents are 
crossed by the caudal fin-rays. The snout has grown still further in front of the eyes, 
and the head more closely resembles that in the adult. The branchial processes now 
present well-marked papillz, and the gill-rakers are longer than in the previous stage. 
The former come off nearly at right angles, but the rakers slant differently. A 
membranous marginal fin appears ventrally from the anus about a third along the 
abdomen, and less distinctly somewhat further forward. i 

While the larval forms occur in March, it is necessary to state that others much 
larger are captured by the mid-water net at the same time. Thus, on the 29th or 30th 
March, three were obtained—18, 22, and 25 mm. in length respectively—such being in 
all probability the young of the previous season. Day concludes that they spawn in the 
autumn and winter months. He found in A. tobianus the “ milt and roe” advanced in 
August and September, while THompson states they deposit spawn at the end of July, 
but in some places they do so during the winter. Covcn, again, considers the end of 
December the most common period, so that Day is of opinion that they continue 
spawning in the sand through the last few months of the year. 

Again, an example, 33 mm. in length, was caught in the mid-water net on the 10th 
July 1887. Finely ramose pigment-corpuscles now stud the dorsum for a short distance 
behind the pectorals to the base of the tail, and the head and opercular regions have also 
an increased number. The tip of the snout is likewise similarly pigmented. The fleshy 
base of the pectorals has become much less in proportion to the distal region, from the 
increase in the length of the fin-rays and the consequent alteration in the shape of the 
organ. The pectorals, indeed, seem to attain their maximum at this stage. The 
elongation of the snout and the prominence of the tip of the mandible are also features 
of note. In regard to the pigment.of this and other stages, it may be observed that 
considerable differences exist, according to the condition of the corpuscles. When 
contracted they form mere points—leaving the dorsum comparatively pale, whereas in 
expansion they constitute finely ramose pigment-areas with a central black point. 

At 45 mm. in length (August) the snout still further elongates, and the hollow in the 
turbinal region disappears. From the increase in length and bulk of the body the pectoral 
fins do not have the same proportional size as formerly. The other characters are those 
of the adult. 

Unknown Larval Fish (D)—An unknown larval fish (Pl. VIII. fig. 1) was pro- 
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cured in April, with the anus about the centre of the body, and a small mass of yolk 
containing a considerable oil-globule towards the posterior part of the abdominal cavity. 
It is less elongate than a Clupeoid. The gut passed backward for a distance somewhat 
longer than that between the snout and the abdominal wall behind the yolk-sac, and 
terminated about the middle of the marginal fin. A line of black chromatophores ran 
along the abdominal wall ventrally, and another (subnotochordal) was continued over 
the gut. The notochord was unicolumnar. In certain structural features this approaches 
the larval form of Labrax lupus, as shown by RaFFrakELe* in his valuable paper, but the 
form of the fish appears to be more slender and elongated. 

Another unknown form (G), procured in March, is characterised by a similar position 
of the anus (about the middle of the body), and the presence of a large oil-globule towards 
the posterior part of the abdomen. No trace of yolk has been observed.t It is a slender 
and elongated larval fish, eel-like in outline, though the precise relationships are unknown. 
It occurs very regularly in March. The larval eel has not yet been described, and any 
suggestion on this head is conjectural. 

Cottus.—The youngest post-larval stage of a Cottus, which may be the earlier con- 
dition of Cottus scorpius, was procured at 4 fathoms in the mid-water net 4 miles off the 
West Rocks, St Andrews, 28th April 1887. It measured barely 6 mm.; the marginal 
fin is continuous, though there are indications of a differentiation anteriorly (first dorsal) 
and ventrally (anal). Two small flattened ridges indicate the ventrals. The pectorals 
are large fan-shaped organs. A few black pigment-specks occur over the brain, and a 
large dark band passes from the region of the pectoral to the anus on each side. The 
preopercular spines are developing. The notochord has a comparatively slight bend 
upward ; the hypural elements are in process of rapid development inferiorly, the region 
being distinct from the larval tail, which is still large, so that the organ is bifid. 

The next stage of this species was captured on the 22nd July 1887, in the mid-water 
net, at 33 fathoms, about five miles off St Abb’s Head (W. by 8.), in an area of 37 fathoms. 
The length was 7°5 mm. In this condition the young forms agreed with the older stage 
in presenting a pair of large tubercles on the nape, while the so-called anterior tubercles 
were represented only by a spine. Similar elevations occur in other Cott, and are 
especially visible in young specimens. The black pigment-bands slanting downward 
and backward at the side of the abdomen are less marked than in the older form. The 
tip of the notochord is larger and more prominent than in the latter. 

In life this form had a nearly transparent body, with a series of black spots along the 
ventral margin from the anus to the tail. The cheeks and under surface of the snout 
were also dotted with black specks. 

Cottus quadricornis.—Examples (Pl. XVII. fig. 11) of a somewhat older post-larval 
stage than in the preceding form occurred in Crail “ Har’st” on 20th July 1887, on 
ground 15 fathoms deep, with the mid-water net at 13 fathoms, and subsequently in St 


* No. 125a, p. 15, tab. iv. 
+ This form is described and figured in the Seventh Annual Report of the Fishery Board for Scotland, 1889. 


t 


862 PROFESSOR W. C. M‘INTOSH AND MR E. E. PRINCE ON 


Andrews Bay. ‘They were at once recognised by the deep black abdominal patch of pig- 
ment. The head is greenish, while the body is comparatively pale. The eyes are bluish, 
with a remarkable black St Andrews cross radiating from the pupil, the long axis being 
placed horizontally. Its length is 8 mm. Besides the conspicuous streak of black pig- 
ment which slopes downward and backward to the ventral edge, but does not meet that 
of the opposite side, stellate pigment-corpuscles occur on the under surface of the abdomen, 
a touch at the anterior region of the branchiostegal rays on the same surface, and a row 
along the ventral edge of the body above the anal fin. One or two specks also are present 
on the cheeks, and a considerable number over the brain, the latter being bounded poste- 
riorly by a curved line which joins a median black band in front of the dorsal fin. 

The four tubercles on the head are prominent, the posterior pair being the larger. 
The turbinal spines are not visible; but the four preopercular spines are well marked, 
the superior being especially distinct. 

The first dorsal fin is only slightly arched, the second is continuous posteriorly with 
the larval tail-fin, which now lies at the upper angle, for the hypurals form a straight 
edge posteriorly. The permanent rays give a somewhat conical shape to the tail ventrally. 
The anal is likewise joined to the caudal; the pectorals form two fan-shaped organs, the — 
rays passing close to the surface of the body—that is, the basal region is short, and thus 
in striking contrast to the organ in the larval Gadoids. The rays are massive though 
soft, and, as in the adult, present considerable free portions at the tip. The ventrals 
are small, and arise somewhat behind the bases of the pectorals. 

The next stage in the development of this species is illustrated by a specimen 18 
mm. long, procured in St Andrews Bay in the beginning of June. Traces of the St 
Andrews cross still occur in the eyes, the outer ends of the cross being most distinct. 
The head is of a dusky olive hue, with dull yellow over the brain, and the yellowish colour 
extends downward and backward to the upper abdominal region and in front of the 
pectorals, black chromatophores being studded on both regions. A dark belt passes from 
the first dorsal to the abdominal black band, where it ceases, then a pale bar intervenes 
between it and another broad belt occupying about two-thirds of the second dorsal (the 
anterior and posterior moieties being more or less free). A few blackish chromatophores 
occur dorsally, however, in the anterior moiety. No pigment is present in the tail 
beyond the latter region. The ventral portion of the abdomen is silvery; the pectorals have 
dark pigment at the base of the rays, but no further. The ventrals are small and pale. 
The two dorsal fins are distinct, and the first has a small touch of pale pigment anteriorly, 
and a larger posteriorly. A slight marginal fin connects the last with the tail. The head 
presents the two large dermal processes on the occiput, and a smaller over each eye. 
The three opercular spines are prominent. 

Agonus cataphractus, L. (Post-Larval stage).—A peculiar form (PI. XVIIL. fig. 11) 
was procured in the mid-water net at 4 fathoms on ground 6 fathoms deep, St Andrews 
Bay, April 4, 1887, and is now identified as the young of the above species. It is remark- 
able for the great depth of both dorsal and ventral regions of the marginal fin, the outline 
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being thus somewhat.spindle-shaped. The snout is comparatively blunt, and the large 
size of the eye gives a resemblance to the condition in the Gadide, and to some extent 
also to that in the Pleuronectide. The auditory capsule is large, a prominent elevation 
of the outline occurring in the region. The jaws present the proportions in the groups just 
mentioned. ‘The action of the heart is readily seen through the large opercular aperture. 

The body is elongate, about 7 mm. in length, the tapering extremity of the notochord 
being bounded by a somewhat lanceolate embryonic fin, in which the rays (embryonic) 
are developing next the base. The abdomen presents a marked incurvation in front of 
the rectum, and the anus is prominent. The pectorals are large and fan-shaped. 

The pigment is mainly of two kinds, viz., grass-green and black. The head shows 
vlack pigment over the otocysts, black and green in front of the eye, and on the branchial 
and mandibular regions. From the posterior margin of the opercular aperture to the base 
of the pectoral the same pigments occur. The pectorals have regular rays of similar pig- 
ment—tinged with pale greenish. ‘The abdomen is covered with black and green pigments. 
The dorsal and ventral edges of the body have a Series of black pigment-corpuscles, the 
former extending from behind the pectoral to the last vertical bars of the dorsal marginal 
fin, as shown in the sketch; while the latter extend from the vent to the narrow part of 
the tail. When viewed from the ventral aspect, a broad bar of pigment stretches between 
the pectorals, and a considerable quantity is scattered over the abdomen. In a smaller 
specimen the opercular fold is rendered distinct by the black pigment in front of it, and 
the pale region behind it. The deep parts of both dorsal and ventral areas of the mar- 
ginal fin have peculiar vertical streaks of greenish, and rows of black pigment-corpuscles. 
These touches are generally slightly curved, and appear to form two groups in each fin, 
a feature especially seen in the dorsal. The tail is faintly tinged with green. 

The gall-bladder is deep green; the oil-globule is colourless. 

Inthe mid-water net, on 9th April, a few miles from shore, the next stage, fully 6 mm. 
long, appeared. In spirit it presents a few black chromatophores on the cheeks, and the 
bases of the pectorals show the black pigment-rows present in the older stage (Pl. XVIII. 
fig. 11). The sides of the body from the tip of the pectorals backward almost to the 
tail show a series of isolated black chromatophores arranged in a double row, toward the 
dorsal and ventral edge. A group of similar pigment-corpuscles characterises the median 
or wide part of the marginal fin dorsally and ventrally. On the sides and ventral surface 
of the abdomen the same black chromatophores are scattered, and they run along the 
ventral surface to the base of the tail. 

The marginal fin has expanded dorsally and ventrally in the median line, but only 
embryonic fin-rays occur in it. A slight narrowing dorsally and ventrally is evident in 
front of the tail, which also shows embryonic rays. The anus is very prominent, and in 
front of it another projection of the edge occurs—a feature characteristic of the form. 
The large pectorals likewise show only embryonic rays, and the lines of black pigment 
spring from the distal edge of the basal process. The notochord is quite straight. 

The next stage observed was an example five-eighths of an inch in length, procured in 


~~ 


| 


864 PROFESSOR W. C. M‘INTOSH AND MR E. E. PRINCE ON 


the mid-water net on the 28th April. The chief coloration is fine chrome-yellow, especially 
on the pectorals, spicules, and dorsal fins (Pl. XVIII. fig. 10). The pectorals are even 
larger, and the yellow pigment follows the line of the rays, with black points here and 
there, the intermediate region being yellow and black. The spines generally are large, 
those along the sides forming hispid rows, especially when looked at from the dorsum, 
and extending from the pectorals to the tip of the tail. The other features, which are 
chiefly those of the adult, have been indicated in a description published in the Fishery 
Board’s Report by one of us.* 

Callionymus lyra, L.—The ova of the skulpin, both ovarian and mature, have been 
described in another place,t but they have not, as yet, been hatched.[ By the aid of the 
large mid-water net, a large series of young examples of this species, ranging from about 
3 mm. to 10 mm. in length, were procured in August 1886. 

In the earliest stage (a little over 3 mm.) the body is characterised by the great size 
of the head and abdomen, and the attenuation of the caudal region. The head 
is very deep, and the projecting mandible passes upward at a marked angle. The 
premaxillary region is not yet much developed, and the mouth has not the protrusible 
character distinctive of the adult. The body rapidly tapers behind the abdomen, and 
forms a slender, straight, almost whip-like continuation bordered by the membranous 
larval fin, with its embryonic fin-rays, The head and body are speckled with brownish- 
black pigment-corpuscles, which attain their greatest development on the ventral surface 
of the abdomen—a part usually pale in fishes. The pectorals are small, and no ventral 
fin seems to have been developed. The armature of the operculum, so characteristic of 
the more fully developed stage, is as yet absent. The stomach at this stage contained 
fragments of minute Crustaceans, apparently Copepods. 

In the next stage, though the total length little exceeds the foregoing, consider- 
able progress has been made. A larger amount of pigment exists on the side of the 
body, especially behind the abdomen, and it extends, though sparsely, on the hyoidean 
surface in front. The premaxillary region is now slightly protrusible. The eyes are 
large and somewhat quadrilobate. The abdomen still projects prominently below; 
but posteriorly the body has much increased in thickness, and the slender tip of 
the notochord, instead of being free, now forms the upper region of the caudal fin, the 
long inferior cartilaginous fin-rays stretching beyond it. The embryonic fin-rays extend 
from the notochord both dorsally and ventrally, and also at the tip. The hypural region 
is thickened, and the epiural is marked by a small patch. Speckled pigment runs along 
the base of the ventral marginal fin. The pectorals are somewhat longer than in the 


* Ann. Report for 1888, p. 267. 
+ Ann. Nat. Hist., Dec. 1885, 


+ Rarra£.e thinks that the reticulated condition of these ova (see p. 15) was due to immaturity—that is, that such 
represented the follicular layer of the ovarian egg, since in the ripe ova of 0. festivus they were not present. Mr J. T. 
CUNNINGHAM, however, has recently met with a pelagic egg, off Millport, in June, agreeing quite with our former 
description, which was taken from mature eggs (vide, op. cit., p. 124). 

[Since this paper was read Mr CUNNINGHAM again confirms the original observation of one of us in 1885.—Jour. 
Mar. Biol. Assoc., N.S. i. p. 37.] 
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last stage, and a pale-process or papilla indicates the presence of the ventral fins. The 
next stage to be noticed (about 5 mm. in length) shows a more regular fusiform outline, 
and from the increase of pigment along the ventral surface it is considerably darker than 
the dorsal. By the widening of the cheeks the eyes have become more oblique, so that 
they are largely seen from the dorsum, whereas in the earlier stage they were more in har- 
mony with the usual piscine type. The forward growth of the premaxillary region, and 
the increased arch of the mandible, greatly alter the facial aspect. The ventrals appear 
as a pair of short fins below and in front of the pectorals. From the marginal fin the 
anal is differentiated inferiorly, and is separated by an interval from the caudal. The 
fin-rays are much more distinct in this lower fin than in the dorsal. The development of 
the hypurals has pushed the tip of the notochord upward, but it is still surrounded by 
the embryonic marginal fin. The inferior caudal rays far exceed it in length, and they 
spring from a vertical hypural edge. The shape of the tail is conical, broad at the base, 
and narrow at the tip. The opercular margin does not yet show spines. 

When 1 or 2 mm. Jonger, the arrangement of the pigment is unaltered, the ventral 
surface and posterior region of the body being tinted somewhat deeply by stellate 
pigment-corpuscles, while the dorsum is less uniformly coloured. The body behind the 
abdomen is thicker, so that when seen laterally the fish is fusiform, though, viewed from 
the dorsum, the head and abdomen are still disproportionately broad. The pectorals and 
ventrals are larger, the former showing blackish pigment-specks on the fleshy basal region, 
and a few dark radii on the fan-shaped distal region. The under surface of the ventrals 
also exhibits dark streaks between the rays, and they are considerably shorter than the 
pectorals. In shape both pairs of fins approach those of the adult. The first dorsal is 
merely indicated by a few short processes. The pale second dorsal fin (the embryonic 
fin having disappeared) begins behind the middle of the back, and terminates a short dis- 
tance in front of the caudal fin. From the anus the anal fin extends to a point below, and 
somewhat beyond the dorsal above, as shown by an imaginary vertical line. Between 
the rays very evident dark pigment-streaks occur, a feature in consonance with the 
development of pigment on the ventral surface. The tip of the embryonic tail has now 
coalesced with the upper lobe of the permanent caudal, and the latter is somewhat less 
conical as well as broader at its termination. In some of the more advanced specimens 
at this stage the opercular armature is present as a straight spine, with a spur—coming off 
nearly at right angles—toward the tip. 

When the length of 9 mm. has been attained, the body is still stouter behind the 
abdomen, the ventral fins have gained greatly on the pectorals, so that though they arise 
considerably in front of them, their tips are nearly in a line with the extremities of the 
former. The fan-like pectorals have much stiffer rays, arising from the semicircular 
base. The opercular spines stand out on a long process, and their tips slightly incline 
towards each other, the margin between them being semicircular. The first dorsal is now 
distinct, and the anterior rays of the second dorsal are longer than the others. 

When 10 mm. long, the characters of the adult are more evident, the telescopic mouth 
VOL. XXXV. PART III. (NO. 19). 6s 
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at once attracting notice. The median rays of the pectorals have lengthened, yet the 
ventrals are almost as long, the tips passing beyond the anus. The fleshy pad at the 
base of the pectoral is pigmented, but otherwise both these fins and the ventralg are pale 
in colour. The first dorsal is still short, but the second dorsal and the anal fins are 
prominent. The caudal expansion is now truncated at the tip. The abdominal surface 
is still coloured with black pigment. When taken out of the water the dorsum is 
somewhat greenish, diversified here and there with black pigment just as on the occipital 
surface, at the first dorsal, on the posterior end of the abdomen, and in the form of two 
conspicuous wavy bands behind, z.e., in front of the tail (vide Pl. XIX. fig. 11). The 
figure here referred to is from a sketch made some days after confinement in a glass tank 
in the laboratory, hence the coloration is modified. The abdominal region is pinkish, 
from the contained food. The eyes are lustrous and greenish. In the laboratory the 
young fish lay at the bottom, keeping the. pectoral fins in active motion, while the 
ventrals were spread out like a pair of wings. 

All the young forms above described were captured some distance from the bottom 
(though they occasionally occur close to the St Andrews rocks in August), and therefore 
the development of the fins after the disappearance of the embryonic membrane is in 
relation to this pelagic life. The remarkable duskiness of the ventral surface, which is 
pure white in the adult, is probably also connected with their temporary sojourn in the 
region above the bottom. The protective spines on the opercula are, it is interesting to 
note, very early developed. The vertebral column in the largest examples shows thin 
transparent ossifications of the surface and of the arches, but the centra are more or less 
notochordal. A specimen, 20°5 mm. in length, obtained from the stomach of a cod, still 
more closely resembled the outline of the adult, though the pigment had been removed 
by the gastric juice. The opercular armature of this example was well developed, 
presenting three large spines posteriorly (one passing backward and two upward), while 
one large and several minor spines occurred in front. We have found that the adults 
spawn in August, it may be somewhat earlier or somewhat later, and it is plain that 
all these young specimens cannot belong to the same period—cannot be, that is to say, 
merely a month or two old. Such a supposition would be inconsistent with what has 
been observed in the young from other pelagic eggs. On the other hand, if these are the 
young from ova spawned the previous August or thereabout, then their growth is some- 
what slow, but probably some examples spawn much earlier than others. 

Inparis montagui, Donov.—Shortly after hatching, which is easily accomplished even 
under unfavourable circumstances, the larvee (Pl. XIII. fig. 1) move both tail and pectoral 
fins actively. The cuticle presents a finely reticulate appearance on the marginal fin, which 
everywhere has embryonic fin-rays, and a series of globular glands occur over this and the 
sides of the body. At a somewhat older stage (Pl. XVI. fig. 7) the yolk-sac is studded 
with stellate black pigment-corpuscles and touches of chrome-yellow, and on each pectoral 
is a large spot of yellow with black chromatophores, and then a narrow yellowish curved 
band with similar black pigment. A few chromatophores with remarkably elongate 
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processes form in a line along the ventral edge of the myotomes, but none exist on the 
dorsal. The eyes have a greenish iridescence like a diamond-beetle’s wing. The noto 
chord is quite straight at the tip, and its cells are large. The tail-fin presents only a 
trace of a dorsal enlargement. The nasal capsules form two conspicuous pits. The 
heart has a small oil-globule below it, and the large oil-globule lies immediately behind 
the heart—in front of the yolk, which is granular. No blood-vessel occurs in the tail 
proper, the aorta passing almost to the tip of the chorda, and bending upward and forward 
into the vein. The blood is comparatively pale, being only faintly pinkish in the 
heart. The vertical vessels (intervertebrals) running up the sides of the notochord are 
proportionally large. The branchial bars are cartilaginous. The liver is pale, and bur- 
rowed with large vascular channels, while the densely folded alimentary canal lies above 
it. It curves into the posterior region of the yolk-sac, and when the latter is viewed 
from the ventral surface a folded region of the gut is evident, but no external opening. 

The larval form figured in Pl. XV. fig. 2, was supposed to be Montacu’s sucker 
at an early stage, but it differs in the presence of dorsal pigment. Some variation, 
however, may occasionally occur. On the other hand, several species may have ova and 
larvee very similar to Montacu’s sucker. In this form the regularity of the vitelline 
vessels and their simplicity, as well as the large size of the cephalic vessels, are noteworthy. 

Centronotus gunnellus, L.—Masses of ova* about the size of a Brazil-nut have more 
than once been found in cavities (holes of Pholas) at the Pier Rocks, with the parent- 
fishes coiled beside them. The examples specially dealt with occurred on March 14, 1887. 

The egg-capsules examined were somewhat friable, as all the embryos had escaped. 
The zona has a finely punctate appearance, and the punctures are most regularly 
arranged. The lacerated margin, however, presents very fine crossed fibres, probably 
due to the condition of the specimens, and these fibre-like markings disappear in 
Farrant’s solution. 

The larva measures just over 4 of an inch (}}). It is extremely translucent, 
and when hatched shows no trace of pigment, save that the pupil is dark (Pl. XIII. 
fig. 6). It is extremely hardy and active, darting through the water in various 
directions, and again resting on the bottom. The head is blunt and rounded. The 
auditory organs (aw) are very large, the eyes moderately so. The most remarkable 
features are the extreme length and thinness of the embryo, its eel-like form, the 
great length of the alimentary canal (g), and the character of the yolk-protuberance 
(y), which is directed somewhat forward. The latter is not of great size, and the 
vitelline mass proper is of an elongated ellipsoidal shape with a faint opacity, and 
having in its anterior ventral part a single oil-globule (og) of crystalline translucency, 
very slightly tinged with ochre, and surrounded by a thick protoplasmic coat (p); while, 
from the shortness of the sac, the globule is near the heart. Entirely covering the 
posterior surface of the yolk is the liver (Jr), which projects as a long cellular process 
from the abdominal region proper, and insinuates itself between the hypoblastic covering 


* These ova appear to have been first recognised by Mr ANDERSON STH on the West Coast. 
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of the yolk (y) and the thin yolk-sac (ys). The oil-globule (0g) seems to lie in a pocket 
in the cortex of the yolk, as an equatorial line crosses over it, yet it is also enveloped 
by a complete protoplasmic covering (p). The gall-bladder (gb) occupies, in the upper 
posterior portion of the liver, a position just at the angle where the ventral embryonic fin 
(ef) joins the yolk-sac. As first shown by Dr Fixipp1,* the gall-bladder of the larval 
Clupea finta lies also behind the yolk ; the liver, however, does not in this instance pass 
downward. The pectoral fin (pf) is somewhat fan-shaped, very thin and membranous, 
and stands erect ; while a chitinous clavicle (c/) is fixed by a longitudinal lateral attach- 
ment. The long intestine, with a distinct rectal portion, curves downward a considerable 
distance from the yolk, and cuts off, by the anal protrusion (a), a ventral fin-area about 
one-third the length of the inferior embryonic membrane. The lumen of the alimentary 
canal is spacious and the walls much folded, but that of the cesophageal section is very 
much diminished. A valve or cincture marks the commencement of the rectum (hg). 
The segmental duct (sg) is plainly seen passing from a convoluted pronephric portion 
(with oval glomerulus, g/), with an undulating course to a spacious urinary vesicle (uv), 
which opens close to the anus (a). The notochord (nc) is fairly straight, but in the 
mid trunk it ascends by a gentle curve and gently bends round, to end between the 
posterior limits of the two eyes. It has the usual large irregular cellular structure, and 
presents a distinct perichordal sheath (pcs). The heart (A, Pl. XIII. fig. 5) is fully 
formed, showing a rounded ventricle, which gives off, in front, a narrow bulbus directed 
upward, and behind receives the large vase-shaped auricle, opening into a wide sinus 
venosus. The pericardial chamber (pd) is large, and its floor is entirely free from the yolk. 

The oral and branchial cartilages are well developed (Pl. XIII. fig. 5). The mouth is 
widely open on emergence, and water freely enters. Only tremors of the mandible, 
however, are noticed. The mandible (mn) is as usual a massive cartilage with an 
enlarged articulating extremity, joined by two cartilages from above, the anterior or 
quadratopterygoid (ptg), and a more massive hyomandibular (hm), which springs by a 
large base from the floor of the ear-capsule (au). Four acutely curved branchial cartilages 
(bra) are present, and the long hyoid cartilage (hyd) ends in a copula, which projects as 
a nodular eminence on the under surface of the mouth. ‘The maxillary elements cannot 
be made out, but the front margin forms an overhanging upper lip. The parts of the 
brain are well marked,—the fore brain (fb), on the Jower anterior face of which are 
laterally placed the nasal sacs (o/), the pineal gland (pm), and the large dome-shaped mid 
brain (mb), with the cerebellar fold (cb) behind. The eyes have a silvery lustre, with a 
black pupil. A few black pigment-corpuscles occur over the anterior superior curve of 
the eye, and this region shows a fine green shade like malachite. 

The structure of the ear is very complex, and the two otoliths seem to lie in the same 
anterior ampulla. 

The marginal fin (ef) commences very gradually between the ears, 7.¢., posterior to 
he cerebellum, and it does not become very wide, although its depth is somewhat increased 
* Ann. des Sci. nat., 3° sér., vii. p. 66, pl. i. fig. 1. 
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over the anal region and at the tapering caudal extremity. In this latter portion 
embryonic striations or rays (er) appear, and are especially distinct in the upper portion. 

In a fortnight the changes were the appearance of very finely stellate pigment over 
the corrugated rectum (hg), and between the latter and the urinary vesicle (uv). 
Smaller stellate pigment-spots proceed along the ventral surface of the gut to the yolk- 
sac, but they go no further. The same stretch behind the vent along the edge of the 
muscle-plates. Two or three stellate pigment-corpuscles also appear over the yolk-sac, 
about midway between the oil-globule and the notochord. In some the yolk has con- 
siderably diminished, and the oil-globule is thrown rather more to the front. The ridge 
from the ventral marginal fin goes a considerable distance forward over the yolk-sac. 

In a few days the young fishes exhibited a tendency to lie on their sides at the 
bottom of the vessel. | 
After the lapse of five weeks, the majority of the larve (Pl. XIII. fig. 7) had the tend- 
ency just mentioned. A well-marked interrupted line of pigment runs from the cardiac 
region to the anus, passes forward and upward behind it, and is then continued to the tail. 
The marginal fin is continuous from the anus to the tail; a narrower fin occurs in front 
of this, and it diminishes about the region of the gall-bladder, which is large and distinct. 
The dorsal fin again is similar, and deepens only a little in front of the caudal, which in 
outline is somewhat lobate. The fin-rays are present in the tail, and are at this time 
better marked in the ventral (anal) than the dorsal fin. They are also distinct in the 
pectorals. The snout now extends forward about half the diameter of the eye in front of 
it; and the mandible projects a little further, but is motionless, the animal aerating its 
gills in its progress through the water. The lateral view of the head much resembles 
that of the cod or gurnard at a similar stage, but the diagnostic features besides those 
mentioned are the great length of the body and the median position of the anus. In the 
tail a hypural thickening has taken place, with a few coils of vessels which show pale 
blood coursing through them. The large size of the otocysts, and their continuation 
upward so as nearly to meet in the median dorsal line, is interesting. 

Most perished at the end of April from impurity of the water, but such as survived 
showed little change in habit and structure. 

Young gunnels, 14 inch long, having the external features of the adult, were pro- 
cured in July. 

Lophius piscatorius, L.*—An injured example of the post-larval frog-fish was 
procured by means of the mid-water net, 15 miles off the Isle of May, on 30th August 
1886, at a depth of 25 fathoms, on 32 fathoms’ ground. Its lengthis 7mm. In outline 
it presents (Pl. XIX. fig. 6) a large flattened head and a slender body, the notochord at 
the tip of the tail being bent upward at the dorsal angle. This curved terminal portion 


* The rarity of the floating ova of this species on the east coast of Scotland is remarkable, for the adult is very 
common in stake-nets and trawls, So far as known, the spawn is also uncommon on the west coast, though there and 
off the south coast it has once or twice occurred recently. A specimen sent to the Fishery Board was stated to be the 
ova of the cat-fish. RAFFAELE failed to meet with it in the Bay of Naples. 
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has still the embryonic fin, and the adjacent part of the dorsal fin is long. The fin-rays 
proper (inferior) are well marked and long ; and the outline of the tail is thus peculiar. 
The specimen, though apparently younger than the last stage figured by ALEx. AGassiz 
(op. cit., pl. xvii. fig. 2), if the condition of the tail be a reliable point, yet diverges 
very much from it: still more does it diverge from the older stages of GUNTHER and Day. 
The head forms an expanded flattened plate, rounded in front from the marked 
premaxillary curve, and with a median notch; while behind lie the two nostrils, a little 
distance on each side of the middle line. The large eyes are situated more than their 
diameter behind the anterior margin of the snout, and less than four (about three and a 
half) of them would give the greatest transverse diameter of the snout. They are thus 
large and prominent, and look directly upward. The cranial and other cartilages have a 
covering of transparent hyaline bony tissue. Behind the eyes the body narrows to a 
slender region, which is barely twice the length of the head. This region still carries 
the embryonic fin dorsally and ventrally as a nearly uniform fringe, with the true 
fin-rays developing in it, though in the anal portion (ventral border) the marginal fin 
here and there retains its original condition. The other fins present in the specimen are 
a pair of enormous pectorals attached to the great shoulder-girdle, a plate passing 
transversely behind the branchiz. The ventrals are situated in the middle line just at 
the anterior end of the pectorals, but both the former are injured. They are very short, 
but the rays seem to have been broken; yet, allowing for this, they appear to be little 
developed. The anterior fold of the pectorals runs in front of these fins externally. 
The great changes that must ensue during development in regard to the gill-slits and the 
situation of the pectorals are noteworthy, while the ventrals remain almost in the same 
position. The under surface of the head is marked by the expanded hyoidean apparatus 
and the slender mandibular bars, the symphysis of the latter forming a sharp angle in 
the preparation. The gills are three in number, and the gill-slit is large and long, 
extending from the dorsal margin to the anterior ventral attachment of the branchie. 


The branchiz have simple papillose processes. In the stomach were small Copepoda and 
larval Crustaceans. 


XII. GeneraL Remarks oN Post-Larvat FIsHEs. 


Variability in the size of young marine fishes of the same season is one of the most 
conspicuous features in their history, and probably depends on the earlier or later period 
at which spawning takes place. Moreover, it is evident that in those species spawning 
by degrees considerable differences in size will occur, in the same fish, between the 
products of those ova shed first and those which issue last. Some species, for example 
the cod and the sole, seem to have annually a very extended spawning season, the sole 
commencing in May off the east coast, and continuing till August. The fact just 
mentioned is demonstrated in a single sweep of the mid-water net on suitable ground in 
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autumn when swarms of little gurnards are captured, the smallest of which are very little 
larger than those reared in the laboratory, while others are three or four times longer. 

Moreover, experience of fishes such as the salmon, in which all the ova issue nearly 
simultaneously, shows us that the growth of the young of the same fish is variable, many 
being larger than others at a given time; some, for instance, becoming smolts at the end 
of the first year, others not till the end of the second. Further, during the second year 
great disparity occasionally exists amongst the young fishes. 

When we come to survey the condition in tle cod, the problem is more complex, since 
the material is less abundant and more difficult to obtain. Statements had been made 
by various authors about the life-history of the cod, but these were both vague and 
incomplete ; Prof. G. O. Sars, indeed, as already indicated (p. 153), was the first to 
produce a definite and satisfactory account of certain stages. He, however, found no 
intermediate links between the larval form of 6 mm. and the post-larval form 24 mm. in 
length, the former occurring on 28th May, the latter on 12th June, and the most recent 
remarks of RYDER leave the same gap. The spawning period of the cod, therefore, would 
appear to be later in the Norwegian waters. It occurs as a rule in April in the British 
seas, though ‘a margin must be given on both sides of this period,* and the larval cod 
abound in the surface-waters in areas frequented by the adults at the time. Towards the 
end of the same month, however, small Gadoids occur in St Andrews Bay, the least being 
about 6 mm., so that it is possible such represent a post-larval stage from early ova. 
Others again are double the length and upward, indeed there is great variety. These 
small forms are met with amongst the others throughout the summer, and generally occur 
in the mid-water net rather than in the trawl. On the lst of June, however, the dis- 
tinctive coloration of the young cod (now +8 in. in length) is recognised, in a rudimentary 
condition, and subsequently there is no difficulty in following it. They occur in the 
trawl, and at the margin of the tidal rocks.t Now, can we assert that all these are the 
young produced from the ova of cod which spawn in April? At first one of us was 
disposed to think that those which appear in shoals off the rocks in June, and which are 
about an inch in length, were those of the previous season, since it would be difficult to 
explain this remarkable rapidity of growth if the spawning period (viz., April) be correctly 
stated. Though the latter rests on proved observation, yet it must be borne in mind 


that the limitation of the spawning period to April is arbitrary, and it may only reach its. 


culminating point then. This consideration, and the remarks formerly made as to the 
causes of variability in size, may, when coupled with great rapidity in growth, form the 
whole into one continuous series of young cod of the season. Such has been rendered 
more probable by the occurrence of the smaller forms early in April as well as subse- 
quently. Moreover, a change of area apparently takes place to some extent, since the 
mid-water net shows that these post-larval cod only appear in the Bay in April and May. 


* Vide “The Pelagic Fauna of St Andrews Bay,” Seventh Annual Report of the Fishery Board for Scotland. 
t As shown in the Report on the Pelagic Fauna, the sizes of the pelagic young-food fishes captured in the mid-water 
net does not increase as the season advances, apparently for the reason that the large forms go downwards as they grow. 
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The net is small enough to capture larval cod, but they are not a conspicuous feature, 
very few having been seen, and the intermediate stages between the larval form and the 
post-larval are difficult to obtain. The latter apparently tend shorewards in the end of 
April, not at the surface, but in the deeper parts of the water, many, indeed, being by 
and by caught on the bottom by a fine trawl-net. They sport about amongst the tangle- 
forests and shallow water and neighbourhood, and as they get older seek the deeper 
parts near the rocks.* They then, as Sars says, form shoals in deep water on the various 
fishing banks, large numbers being caught the following summer both by liners and 
trawlers. 

That a migration occurs in other Gadidez is apparent when we consider the case of 
the ling. As a rule, the old ling frequents the deeper parts, yet the young, ranging from 
5 inches upward, are plentiful off the Pier Rocks at St Andrews, especially in their barred 
or tesselated condition. The post-larval haddock also would appear to frequent the 
deeper water, as also does the post-larval whiting, the latter occurring in considerable 
numbers south-east of the Island of May, and at a later period than the post-larval cod. 
When older, viz., from 3 to 6 inches, they are not uncommon in St Andrews Bay at low 
water. The larval frog-fishes and other types follow the same habits. 

On the other hand, some of the ordinary Pleuronectide, e.g., the flounder, take a 
somewhat different course. ‘The larval forms are pelagic on the sites t frequented by the 
adults, and then they gradually seek the bottom as well as the tidal margin, especially 
the mouths of streams, in May, June, July, and August. They may be found in lessened 
numbers there till well grown, so that the migration of this form is slight. The young 
plaice appears to follow similar habits, but the large adults seek the deeper water off 
shore. ‘he same may be said of the turbot, the brill, and the long rough dab. The 
larval forms of the craig-fluke (Plewronectes cynoglossus) frequent the ground occupied 
by the adults, and various stages may be secured by the same haul of the net. On the 
whole, then, the evidences of migration relate only to the passage in certain species of the 
post-larval stage to the shallower water, and the tendency of all the healthy larger forms 
to seek the deeper water. The latter feature, for instance, is observed in the halibut. 
It is apparent, however, that certain flat fishes, e.g., the “ witch ” or craig-fluke, so far as 
at present ascertained, are confined for the most part to the deeper water and soft ground, 
both in their adult and their younger stages ; and Miiller’s topknot, the lemon dab (to some 
extent), and others probably agree with them in this respect. It appears to be a feature 
of moment that the post-larval forms of such as the “ witch” and long rough dab swim 
somewhat longer on edge—that is, are larger fishes with great depth of body before the 
eye travels round, and before settling on the bottom. The post-larval stages of the 
flounders and plaice appear generally in April, and are about half an inch or less in length, 
their eyes as a rule being lateral in position; and as the season advances the left eye 
moves forward a little, and approaches the dorsal edge. They vary considerably in size 
at a given time, but not so much as the “ witches” formerly alluded to, and would 

* Vide No. 104, p. 309. t Generally inshore, 
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appear to seek the tidal margin with great rapidity. The flounder and plaice are 
probably the first to appear, the common dab being a little later. All the shallow sandy 
flats round the British shores abound with young Pleuronectids. 

The Clupeoids of the first series appear in great numbers in the Bay in March, and 
their presence corresponds with the period at which the hatching of the eggs of the herring 
was accomplished in the laboratory. The comparative rate of growth was followed there- 
after in the Bay throughout the summer months. Thus they measure about 7 mm. in 
the early part of March, 12 to 15 mm. a month later, and in two months about 20 mm., 
with a great increase in depth. In four months (?.e., from March) they reach 27 to 28 
mm., though such may be small examples of this (the first) series. Those of the second 
series occur in September and the following months. 

Though the differences existing between the larval herring and the larval sprat are 
marked at the period of hatching, the former being a much larger and more active fish, 
which soon gains strength to mount upward in the water, the latter being shorter and 
furnished with a larger yolk, yet the rapidity in growth soon obliterates the most evident 
features. Thus no bold line of distinction, as regards increase and safety, can be drawn 
between these closely allied forms with their dissimilar eggs. Each is as prolific as the 
other, and holds its own in every part of our seas. Much, no doubt, remains to be 
discovered in this and similar cases of divergence of the ova of closely allied species, but 
at present no general law can be laid down on this head, or in regard to the occurrence 
of oil-globules. It is difficult to explain why the brill and Miiller’s topknot should have 
an oil-globule in their pelagic ova, and the turbot and “ witch” be devoid of it.* 

The larval forms associated with the sand-eel occurred at the end of March, their 
length being 6 to 7 mm. At the same time, however, larger forms were captured, viz., 
18 to 25mm. On the 14th April they had reached 8 to 9 mm., and at the end of the 
month 14 mm. at most. On the 7th May others measured 27 mm., 10th July 33 mm., 
and in August 45 mm. 

When placed under favourable conditions, there is no doubt young fishes grow 
rapidly, as in the case of the viviparous blennies, which before leaving the ovary of the 
adult reach the length of nearly two inches. 

While there is no difficulty in rearing large numbers of food-fishes to a certain stage 
in the laboratory, it is probable that it would be most convenient, when stocking 
certain bays, to place the larval fishes in the sea within a week, for thus they would be 
furnished with more abundant, more varied, and more suitable food. Further, the intro- 
duction of adults ready to spawn (e.g., soles) in suitable sandy bays, would probably be 
found more economical than the method indicated, and they can be carried long distances 
with ease and safety. The same remark applies to the herring, for adolescent examples 
accustomed by degrees to fresh water, can thus be carried without injury to distant regions. 


* Mr CunnIncHam (op. cit., 1889, p. 48) has recently broached the hypothesis that the presence of an oil-globule 
in the egg is connected with abundance of oil in the adult. This would not seem to suit in contrasting the turbot with 
the brill, the cod with the ling, the bib with the gurnard, the dragonet with the rockling, &c. 
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Monstrosities.—Abnormalities of a marked kind were not frequent in the marine 
larval fishes hatched in the laboratory. Amongst these observed, however, were a 
double-headed example of Pleuronectes limanda (Pl. V. figs. 3 and 3a, in gvo), the 
latter figure being taken three days later than the former, and when the pigment had 
appeared. A cyclopean embryo of Zrigla gurnardus, again, is represented in the same 
Plate, fig. 5, other abnormalities being present in the ovum. An abnormal tail of the 
same species, referred to elsewhere in this paper, is also shown on Pl. XIV. fig. 3. The 
notochord with its investment continues in the axis of the body, while the caudal region 
bends separately to the left. 


XIII. Anarrhichas lupus, L. THe DEVELOPMENT AND Lire-History, 
WITH REMARKS ON THE SALMON AND OTHER ForMS. 


Intra-Ovarvan Ova.—The intra-ovarian ova of the wolf-fish had been met with occa- 
sionally during the work for H.M. Trawling Commission, it being stated in the Report 
that they were of considerable size in February, and that at this period an abnormal ex- 
ample of a large ovum (which had not been discharged) was observed. In August, again, 
the ova were more than an eighth of an inch in diameter—in fact, it was clear that the 
spawning period of this fish was late, and in contradistinction to the published views on 
the subject. Thus, Day* mentions that, “according to PENNANT, it spawns in May and 
June, when it deposits its ova on the leaves of marine plants; the fry are of a greenish 
colour.” PARNELL, also quoted by this author, states that “ about June the young are 2 
feet in length.” t That it could not spawn in May or June was evident by an examina- 
tion of a specimen 3 feet 1 inch long. The ovaries were 6 inches long and about 14 inch 
in transverse diameter as they lay on a flat surface, connate from the posterior end forward 
nearly a third of their length, and fixed by strong membrane in front of the fork. The 
ova form dense masses along the inner edge of each ovary, the great bulk of the eggs 
occurring there, for those on the rest of the surface were less numerous. The majority of 
the eggs are nearly of equal size, viz., about 1°5 mm., and each is invested by a vascular 
follicular membrane with very fine epithelium. Amongst these, however, many minute 
ova (visible to the naked eye) occur, and ranging from ‘75 mm. downward. In these the 
capsule is thick, the contents coarsely granular, and the nucleus large. A single large 
egg, about 6 mm. in diameter, and with an oil-globule 1°75 mm., was present, having 
evidently been retained after the others had been shed, as occasionally happens to other 
fishes—both marine and fresh water. The arrangement of the ova along the inner (2.e., 
median) border of each ovary was lamellar, masses of eggs hanging from the wall, so that 
it was on the whole roughly fimbriated. Minute blood-vessels covered each egg and 
the intervening membrane. In the very early stage the ovum lies in a capsule in the 
epithelial membrane of the ovary, and shows a large nucleus and nucleolus; while the 

* Op. cit., p. 196. t Fishes of the Firth of Forth, p. 240. 
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contents of the egg are finely granular. The usual changes take place, the nucleolus 
disappearing, and by and by, when the egg reaches 1 mm. in diameter, only coarsely 
granular contents are present. Before deposition the yolk clears up and the oil-globule 
becomes conspicuous. 

The earlier stages of the extra-ovarian development of the wolf-fish have not yet come 
under notice, for the ova procured on 16th January 1886 had reached an advanced stage, 
the embryos being considerably developed, and showing not only abundant pigment in 
the anterior dorsal region, and in the eyes, which had a silvery sheen, but an active vitel- 
line circulation. The movements of the embryo within the egg-capsule, too, were frequent 
and vigorous. It was necessary to tear the large mass of adherent ova in order to place 
them in the glass vessels of the laboratory, and a few embryos were thus set free. 
During the next four or five days many spontaneously emerged, but the appearance of 
those which escaped on the 23rd or 24th of January presented no noteworthy advance 
on their predecessors. The larval fishes at this date measured 11 or 12 mm. on emerging. 
The translucent body (Pl. XX. fig. 2) is comparatively slender, and is surrounded by a 
delicate and continuous marginal fin. In the lanceolate caudal region a slight dilatation 
occurs. The yolk is bulky and of a translucent straw-yellow hue, and a large oil- 
globule of a dull yellowish tint is present. The coverings of the sac show finely granular 
cells with large nuclei (Pl. XXI. fig. 5). The pectoral fins are in constant motion, just 
as those of the young salmon are, and yet it is doubtful whether the young wolf-fishes 
here referred to did not escape prematurely. Some had difficulty in escaping from the 
zona radiata, a circumstance noted, however, at a much later stage, when the head and 
yolk-sac frequently remained enclosed, while the tail alone was free. 

The favourite position of the most vigorous larve is on edge (Pl. XX. fig. 5), the 
rounded pendulous yolk resting on the bottom of the vessel, and thus steadying the 
young fish, while keeping its head above the sand or sandy-mud. The large oleaginous 
globule is situated on the anterior face of the yolk, a short distance below the head, and 
may possibly aid in maintaining the sac in the position just indicated. The situation of 
the globule is characteristic, for in no other British Teleostean has this precise position 
been noted, nor does AGassiz indicate it in any American form, though, in his conjoint 
work with WHITMAN, an unknown embryo (not unlike Cottus) is represented with a 
small oil-globule behind the cardiac region. F. RarFraELse,* however, has quite 
recently shown that certain Mediterranean forms, such as Mullus and Coris, have 
pelagic larvee which bear the oil-globule at the tip of the prow-like yolk. The 
feature is interesting, as this body in most forms in which it has been observed is 
situated. towards the posterior border of the yolk-sac, as, for instance, in another form, 
viz., Lophius,t frequenting like Anarrhichas the sea-bottom. When viewed from 
above (Pl. XX. fig. 5), the globule projects just in front of the snout, the great vitelline 


* Abdruck aus den Mittheilungen aus d. Zool. Stat. Neapel., Bd. 8, Heft 1, pp. 20, 35, tav. 2, figs. 5, 6, and 
18, 1888. 

t It must be noted, however, that Lophius, unlike Anarrhichas, has a pelagic ovum (vide Acassiz “On the Young 
Stages of Oss. Fishes,” Proc. Amer. Acad. Arts and Sci., vol. xvii., 1882, pl. xvi. fig. 3). 
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vein passing upon the right, and in some a distinct bulging of the yolk-sac occurs in 
front of the globule. Moreover, during the extremely cold weather of the period, 
the globule was often thrust outward at this part. The head of the- embryo 
presents a remarkably truncate appearance, the snout, indeed, projecting less than the 
large eyes, when viewed from the dorsum (as in the figure just mentioned). A decided 
difference exists, therefore, in this respect, when compared with the young salmon, in 
which the long yolk-sac trends downward and backward, whereas in this form the 
yolk-sac is globular, and is directed downward and forward. 

This being, so far as known, the largest British marine Teleostean larva yet 
described, its comparison with that of the salmon, the largest fresh-water form, is 
naturally suggested. Many points of contrast are at once presented; thus the difference 
in coloration is marked, for while both have pigment in the eyes, the yolk in Anarrhichas 
is straw-coloured and inconspicuous, whereas in the salmon it is rendered conspicuous by 
the deep reddish-orange colour of the oleaginous globules. The latter become grouped, 
again, in masses in the upper region of the yolk-sac; whereas in Anarrhichas the 
single, large, somewhat lenticular globule maintains a constant position in front. The 
general pinkish tint of the newly-hatched salmon, further, is more pronounced. The 
external features of the wolf-fish also present less differentiation, for the marginal fin is 
simple and continuous, the tail is lanceolate, and the pectoral fins at this stage are much 
smaller. The head, moreover, is very different, for when viewed from the dorsum 
(Pl. XX. fig. 5), the large eyes, as already noted, project even further than the snout; 
while in the salmon the snout protrudes considerably beyond the eyes. 

In a newly-hatched example about a week later (1st February) the tail is somewhat 
bluntly lanceolate, the ventral lobe being more distinct than the dorsal (Pl. XX. fig. 1), 
and the notochord passes in a straight line backward to terminate in a point. A slight 
wrinkle of the margin of the delicate caudal membrane occasionally marks this termina- 
tion. The notochord here is finely cellular, the size of the cells increasing anteriorly. 
The neurochord presents a marked diminution just above the margin of the vascular loop 
beneath the notochord. The membranous tail-fin has fine striae (embryonic rays, 
produced by delicate fibres), and is cellulo-granular. The aorta, in coursing back- 
ward, gives off a twig inferiorly, which diverges from the ventral surface of the noto- 
chord, and then ends in a slender vessel passing almost to the tip of the chorda, and 
returns as a recurrent vein. The ventral twig of the aorta splits into two loops, which 
ramify over a limited area (see Pl. XX. fig. 1), and then joins the caudal vein by a single 
trunk. This condition diverges from that in the salmon at the same stage, but a com- 
parison between the two forms may be conveniently reserved till a later period. The 
circulation in the caudal region attains but a slight development in the wolf-fish at this 
stage, whereas the vitelline vessels are as fully developed as in more advanced 
larvee. 

Vitelline Circulation at the Period of Hatching.—We have already mentioned that 
on emerging a large vitelline vein passes on the right side of the larval trunk, collecting 
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the blood returning by two main branches—the afferent trunks from the liver carrying a 
stream downward posteriorly and joining the posterior division, the other great branch 
receiving its supply from the opposite side (Pl. XX. figs. 4 and 5). Considerable gaps, 
as regards the larger trunks, occur on each side of. the vitelline vein and below its branches 
at this stage, but examples somewhat differ from each other in this respect. These 
trunks are all, even the smallest, of comparatively large calibre, and appear in ordinary 
views to be hollowed out of the yolk, and without the distinct walls of typical venous 
trunks. The vessels frequently anastomose with each other, and their general direction 
is downward and forward. Some of the upper twigs (in larvee of 22nd February) pass 
rapidly across the yolk-sac to join the main vein, above the oil-globule. When the 
fish is in a dying condition the current becomes less swift, and frequently recoils in the 
vessels, but especially in the great vein. On the left side (Pl. XX. fig. 2) a great trunk 
from the liver courses along the anterior hepatic curvature, while several smaller but 
still considerable trunks issue from the same organ posteriorly, and rapidly break up into 
many branches, forming a complex network over the posterior half of the sac. Their 
terminal branches join a large and nearly horizontal trunk, which slants slightly upward 
and forward to join the vein. The divergence of this arrangement from such a species 
as represented in Pl. XV. fig. 2, from ova resembling those of Montagu’s sucker, is 
marked, the vessels in the latter being few and short, and having a comparatively 
straight course, 

About a month later (Pl. XXI. fig. 2) the complexity of the circulation on the left 
side has increased. The anterior vessel of the series issuing from the liver, which curves 
downward and forward—branching as it goes, has become much larger. 

On Ist April, again (about 5 weeks later), the chief change since the former period is 
the great size of the anterior trunk (marked a, Pl. XXI. fig. 2) and its shorter course. 
The vessels to the right (that is the posterior vessels) are diminished, and they have a 
decided slope to the front. The slope, however, is much less marked than on the right 
side. In the most advanced forms at this time (Pl. XXIV. fig. 7) the alteration in the 
direction and size of the vessels of the yolk is remarkable. Thus, on the right side, the 
main part of the blood is conveyed by a large trunk passing to the posterior border of 
the liver—slightly downward and forward (though the course may vary) into the great 
vitelline vein, a little below the heart. This blood does not, therefore, pass over the sac. 
Some of the vessels of the yolk seem to have diminished in size. The great trunk just 
alluded to is twice the size of that in an example in which the yolk is still very large 
(1.e., @ younger specimen), yet each, though so unequally advanced, may have emerged 
from the ovum almost at the same time. Of course, the diminution of the yolk-mass 
enables the larval-fish to swim more readily through the water. It must be noted that 
the direction of the trunks detailed above may, as indicated, vary considerably, for in one 
example two large trunks issued from the front of the liver, then rapidly curved toward 
the anterior border and joined the efferent vein. The rapidity of the current in these 
two main trunks is in contrast with the steady and slow current in the branches covering 
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the surface of the yolk, and though a large posterior vessel shows a more rapid flow than 
the rest, still it is not so swift as in the anterior trunk. The great anterior vessels 
_ have a shorter and more nearly horizontal course, and do not wander over the yolk as 
observed in February. 

The blood-discs of the wolf-fish present no special feature of note, though they some- 
times undergo peculiar changes of form after escape (Pl. XXI. fig. 5a). 

In about a fortnight after hatching, the yolk-sac has materially diminished, forming a 
rounded projection anteriorly, somewhat less in bulk than the head above it. In the ex- 
ample studied, the globule was found to have passed to the right side (Pl. XXI. fig. 3), 
and a considerable portion of the yolk-mass lay in front of it. The vitelline vein was thus 
carried backward by the peculiar displacement of the oil-globule. The smaller vessels 
curved round the anterior border of the globule to join the vein or its branches at various 
angles, but in the main more or less transversely. A similar arrangement occurs pos- 
teriorly, though the branches may, in lateral view, often have a shorter course, since the 
great vein is, inferiorly, nearer the posterior than the anterior border. On the left side 
(Pl. XXI. fig. 3a) the anterior vessel is now superior in position, and is somewhat trans- 
verse in direction, while the other branches are much shortened, and their course is 
chiefly downward and forward. In those most advanced (Pl. XXVII. fig. 1) the yolk- 
mass is noticeable only as a projection in front, for the posterior end merges, as it were, 
in the abdomen. ‘The oil-globule now lies under the branchiostegal rays. It is note- 
worthy that the absorption of the yolk was accomplished in some cases at the beginning 
of May. Moreover, while the young fishes were comparatively delicate in their earlier 
stages, an alteration seemed to ensue about the time of the absorption of the yolk, so 
that they became more hardy—their tenacity of life being so great that examples 
appeared to suffer little though left unchanged for some days in a very small quantity 
of sea-water. | 

We have explained that the outline of the yolk-sac in Anarrhichas is quite different 
from that in the salmon, being spheroidal instead of elongated and sloped posteriorly. 
It corresponds, in fact, rather to the condition in the embryonic salmon before hatching 
—say the 40th day in those which hatch on the 60th day. The shape in the salmon 
also shows the changes of outline during absorption more boldly, the sac in the healthy 
fish (Pl. XXII. fig. 4) becoming gradually attenuated posteriorly (Jind., figs. 7 and 8), and 
occasionally in the more vigorous specimens, as Sir J. Grsson MaiTianp has shown, a 
portion of this region is constricted off and shed. Such a condition is not possible in the 
spheroidal yolk of Anarrhichas. Further, the great abundance of oleaginous globules in 
the upper part of the yolk in the salmon, and the occurrence of smaller globules through- 
out the entire mass, is wholly unlike Anarrhichas. In the latter species the single large 
oil-globule is nearly constant in position, but in the salmon this is certainly less so, though 

the oleaginous spheres are towards the upper region, and often on the right of the embryo, 
yet during absorption of the yolk they become more or less posterior in position. At no 
period does the globule in Anarrhichas pass backward other than the slight degree shown 
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in Pl. XXL. fig. 3, a feature probably due to position under examination. The relation of 
the large globule to the position of the respective larvee when at the bottom of the water 
is not perfectly clear, though there is reason to believe that, in Anarrhichas, as already 
pointed out, it is directly connected with the attitude assumed by the larva when at rest. 
Young salmon lie on one side amongst the gravel in their early stages, or occasionally 
rest with the yolk-mass dipping between the pebbles on the bottom, so that a definite 
position of the oil-globules in front would appear to be of little importance. The 
contained fluid, or deutoplasm, of the yolk-sac seems to be similar in both species. 
When discharged into the water it is transparent, viscous, and very tenacious. After a 
time it becomes solid, and of an opaque white hue like a stratum of tallow. In the sal- 
mon it presents in the latter condition abundance of dense oily globules, with adherent 
granules, resembling nucleated cells. In the large globules, however, the granules form 
only asuperficial fringe. In some cases the oily matter, on escaping, sinks to the bottom of 
the water. Two kinds, indeed, of this matter are present—(1) orange-tinted oil, which 
floats at the surface, and (2) minute particles of oil imbedded in and held down by 
granular substance. When pressure is applied to the large globule it divides into two 
or more portions, so that it would appear that no definite protoplasmic investment 
encircles it. It also occasionally passes to the fundus (Pl. XXII. fig. 7), and sometimes 
its surface is slighted fissured. Some of the oil-globules appear paler in colour than 
others of the same size. The large globule is observed to persist almost till the 
posterior process disappears from the yolk-sac (Pl. XXII. fig. 9). Externally the latter in 
the salmon is covered by a layer of nucleated tesselated epithelium, the nuclei having 
nucleoli, and beneath is a fibrillated coat, below which the vascular layer lies. In hernia 
of the yolk-sac, the free portion presents a striated appearance, due possibly to the 
protrusion of the vascular (yolk-hypoblast) through the non-vascular layer, for in one 
example blood-vessels proceeded quite up to the margin of the hernia. 

The walls are contractile, for the sac shrinks towards the body of the embryo on the 
escape of the contents. So also the walls contract during the gradual absorption of the 
contents of the sac, as observed at the end of the first week (Pl. XXII. fig. 6). As the 
organ shrinks, obliteration of the smaller and then closure of the larger vessels takes 
places. By and by (about the 13th day) the anterior region of the sac becomes flattened, 
so that it forms merely a slight swelling on the surface ; and sometimes a few carunculi 
appear at the fundus. At the end of the third week the vitelline vein as well as the 
yolk-sac is much diminished. About the end of the fifth week the latter forms only an 
abdominal swelling, and is streaked with bars of pigment, which are directed downward 
and backward. 

A glance at the figures of the sac during its later stages in Anarrhichas will show 
that the absorption takes place in a different manner from that just detailed, since in- 
stead of. the final prominence being posterior as in the salmon, it is in Anarrhichas 
anterior, and the large oil-globule in the latter likewise is in the same region. 

In regard to the circulation in the yolk-sac, the great vitelline vein in the salmon is 
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in front, and in its course upward it receives several large branches, but in the wolf-fish 
it is generally on the right. Swaw’s figure * shows the vitelline vein in the salmon 
occupying an unusual position; the yolk-sac, moreover, is too small for a salmon one 
day old, and the oil-globule should either be larger, or be represented by several smaller 
ones. The general direction of the small branches is transverse or oblique, the upper- 
most appearing at the posterior margin, and coursing obliquely downward and forward, 
the middle being nearly transverse, and the lowermost transverse and then upward. 
The last main branch collects the blood from the upper part of the sac, and enters the 
great vessel from behind, not from the ventral side.t In Anarrhichas, on the other 
hand, the left side has its twigs mainly at right angles to the body. The two large 
trunks of the vitelline veins pass from behind forward and upward to form by their 
junction the great venous trunk, and it is their disposition that gives a character to the 
vitelline circulation, in contrast with that of the salmon, The afferent vessels stream 
downward into these on both sides of the sac, those on the left, however, entering the 
great branch by numerous trunks (Pl. XXI. fig. 2), and thus forming a contrast to the 
right side (Pl. XXII. fig. 3). It is interesting that, after forming a rete on both sides, 
the smaller trunks should again join to form larger vessels which empty themselves into 
the main branch of the side, as shown in the figures above mentioned. The current in 
the smaller wavy trunks becomes slow, thus probably enabling those changes between 
the contained blood and the neighbouring parts to go on efficiently, and on being accom- 
plished the rapid return of the blood to the heart is facilitated by the formation of the 
larger secondary trunks which join the great veins on each side. This arrangement is not 
seen in the salmon, though the vessels do not branch much, and enter the vitelline veins 
by a current not more than two or three blood-dises broad. In both species the supply 
to the sac is posterior, while the returning blood passes anteriorly. 

The absorption of the sac in the wolf-fish took place about the middle of May, so 
that in all probability it occurred at a period similar to that in the salmon. The 
difficulty in preserving special examples, and the great irregularity in the conditions at 
birth, made the exact determination of the period uncertain. The young wolf-fish, like 
the young salmon, exhibits increased swimming power as the sac becomes less, shooting 
upwards into the water at first with a wriggling motion, but later as the sac diminishes 
it swims more steadily. 

In the partial stasis preceding death the vessels of the sac are greatly enlarged, so 
that either the walls of these canals are contractile, or there is a great pressure of blood, 
and the latter certainly occurs from the slow rate of progress along the vessels. 

Circulation in the Trunk.—The circulation in the larvee which emerged in the 
middle and towards the end of January showed for the most part the ordinary Teleostean 
features. The main points will be detailed in comparison with the salmon, at a somewhat 
later stage, and, meanwhile, the condition on emerging may briefly be indicated. 


* Pl. xxii. fig. 2, Trans. Roy. Soc. Edin., vol. xiv., 1840. 
+ Vide Quart, Jour. Mier. Sci., vol. viii, N.S., pl. iii., 1868. 
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The contraction of the auricle sends the blood into the ventricle, and the latter by | 


the bulbus drives it into the four branchial arteries, which terminate in the dorsal aorta. 
The latter passes backward almost, though not quite, to the tip of the tail. Before reach- 
ing its termination (Pl. XX. fig. 1) a twig leaves the artery and goes into the lower lobe of 
the tail, forming, with the returning veins, an arrangement of at least four loops. More- 
over, the caudal vein bends downward, producing a loop or diverticulum just where the 
arterial twig leaves the aorta, and receives the branches returning from the region. The 
four loops referred to form a fan-shaped arrangement, one loop being in front, two median, 
and one posterior. In its course along the under surface of the notochord, the aorta sends 
a twig (Owen’s intercostal) upward at each myotome, and it alternates and inosculates 
with the veins returning to the posterior cardinal. A specimen showing these features 
was found so late as 1st March, and had not long emerged, so that a margin for variation 
must be made. The artery on passing over the urinary vesicle transmits on the left 
side a large trunk to the rectum (a, Pl. XXVI. fig. 2), which by and by divides, a large 
branch sending twigs posteriorly, while the main vessel proceeds along the superior edge, 
giving off branches from its ventral margin. These pass downward and join the great 
portal vein (Pl. XXVI. figs. 1, 2, pv), which slants upward on the right side of the gut to 
proceed to the liver. The forward current in the arterial trunk (Pl. XXVI. fig. 2) goes 
a little distance beyond the point marked 6 to the point indicated by x, where it is met 
by an opposing current from the artery d. This last current shows a distinct pulsatory 
movement (as in vigorous arteries). Thus, at the point of contact, there is a neutral zone 
which occasionally is thrown a little backward so as to impinge by jerks on the forward 
current. Any difficulty arising from the presence of two diverse currents in the con- 
tinuous vessel is obviated by the ready exit along the comparatively large inferior twigs 
proceeding to the intestine. Streams of blood thus pour all over the intestine in a 
downward direction, and are collected by the great subintestinal (portal) vein. The vessels 
from the anterior artery (see Fig. 2) curve downward to the lower border of the gut, and 
as the intestinal vein in this region is above the lower margin 
of the latter, the branches going to it therefore curve upward. 
On reaching the liver the great intestinal (portal) vein breaks 
up into many branches, and from the margin of the organ large 
vessels pass to the posterior region of the yolk-sac (Pl. XXI. 
fig. 1, yvs), where their course has already been described. The 
cranial circulation is not readily made out. A largecurvedtrunk, fic. 2.—Anterior curve of the portal 
the hyoidean (Pl. XXI. fig. 4, cv), leaves the anterior branchial ng cote 

vessel near the fork of the jaw, forms a loop behind, and passes forward between the eyes. 
Its course is hidden by the pigment of the latter. These vessels are proportionally larger 
than in the salmon, and the same may be said of the jugulars, which are in intimate re- 
lation to the otocysts. Such variations are probably associated with the differences in the 
configuration of the parts in the respective species. The ventral branch resulting from 
the union of the hyoidean and two first efferent branchial arteries, and which supplies the 
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ventral fins of ordinary Teleosteans, is absent in the wolf-fish, which has no pelvic fins. 
The carotids pass along the base of the brain to the front of the snout, and the venous 
blood is returned by two large trunks, vn (jugulars), descending at the posterior border 
of each ear (aw), and joining the anterior cardinals to form 
the ductus Cuvieri (see Fig. 3). A very distinct, though small 
vessel (ophthalmic), sends a swift stream of blood backward 
over the eye. 

If we examine the circulation at a stage two months later 
than the foregoing period, its complexity has considerably in- 
creased, not only in regard to the vascularity of the branchial 
Fro. 3.—Great vessels near the heart, -2™melle, but also by the great development of the vessels 

Right side. above and below the vertical aortic trunks. The vessels are 
more numerous than in the salmon one day old, and extend 
beyond the muscle-plates into the marginal fin dorsally and ventrally. 

The action of the heart is interesting, and in an example observed on Ist April it 
was as follows :—The sinus is distended with blood mainly from the large vitelline vein, 
then the auricle fills, and its contraction distends the ventricle. The contraction of the 
latter, again, expands the bulbus, dilating every crevice. Sometimes, as in the salmon, 
the ventricle does not quite empty itself, a feature due probably to the structure of its 
reticulated muscular walls. In the salmon, when the chamber is distended, and just 
before contracting, processes of the red fluid dip into the whitish walls, and show that 
even at this early stage the cavity contains muscular bands and interspaces. In weak or 
dying specimens of the salmon the auricle contracts more sharply than the ventricle, the 
latter having a slower vermicular motion. The current in the large venous trunk 
(cardinal), just before the contraction, often gives a jerk backward, this recoil being 
apparently due to the valves of the auricle, and its effects are visible in the 
remotest part of the venous system, especially in the sac near the base of the tail. The 
shortening of the auricle, a most marked movement in contraction, is towards the 
ventricle—just as the hand would squeeze an elastic bag chiefly at its fundus in order to 
drive the fluid by a jerk out of the muzzle. In these young fishes this organ is the 
ultimum moriens. 

In the salmon of the sixth week the aortic bulb is covered with pigment-corpuscles, 
apparently in the pericardial serous membrane, which elsewhere contains similar pigment. 
A band of muscular fibres is connected with the bulb a little way up, and the fibres are 
probably the same as those observed at the side of the pericardium anteriorly in Anar- 
rhichas. The contractions of the heart are most favourably observed from the left side. 

The heart of Anarrhichas in January had comparatively thin walls, which showed, 
in section, few fibres, but many nucleated cells. The thick region was towards the 
bulbus, into which two conspicuous valvular folds (aortic valves) project. In section, the 
area of the entire organ is cellular, with the exception, perhaps, of the external fibrous 
investment, the cells being apparently bound together by a protoplasmic matrix. This 


4 
5 

49 


DEVELOPMENT AND LIFE-HISTORIES OF TELEOSTEAN FISHES. 883 


condition is precisely similar to that in the young Clupeoid, } inch in length, the heart 
being saccular, and consisting of 3 or 4 layers of cells, many of them very round and 
prominent. The endothelium is, however, flattened. The cells .in the wolf-fish project 
internally, so'as to occupy a considerable portion of the central area, but much less now 
than afterwards. The bulbus in contraction at this stage is nearly cylindrical, its central 
cavity being evident just above the valves, and it is on minute examination seen to be 
composed of fibres and cells. The auricle has a cellular wall, the cells apparently being 
also fibre-cells, and the wall is now better defined externally, as if from more continuous 
fibrillation, this differentiation of a stronger outer layer being also observed in the young 
Clupeoid at the stage just referred to. 

As the organ attains greater complexity, the ventricle largely assumes a reticulated 
appearance from the vascular ramifications of its walls (Pl. XXYV. fig. 1, ven), the whole 
being in many sections not unlike a fibrous sponge—a condition characteristic of the heart 
in the adult. This structure is also shown in the young Clupeoid, when ¥; inch long— 
small spaces being formed in the loose saccular walls, which, as in the slightly younger 
stage, are studded with large scattered nuclei. Quite different is the structure of the ven- 
tricular walls of the post-larval goby, 5°; inch long, the spaces being formed in very dense 
and thick tissue. The walls of the auricle in Anarrhichas, as in Clupea, Gobius, and 
others when 4 inch long, consist of a thin muscular layer lined by endothelium. In the 
most advanced stage of the wolf-fish (20th June) the two valves at the base of the bulbus 
are well defined. The reticulations of the conical ventricle are much finer and more num- 
erous, and the fibres more distinct. With the exception of the central chamber, which 
occupies about a fourth of the thickness towards the base, the whole organ is reticulated in 
this manner, and the blood passes into the reticulations. So accurately do the auriculo- 
ventricular valves close that in the preparation a thick column of blood projects into the 
auricle, the mass being covered by a tense membranous layer, apparently valvular. 

The heart in the young salmon, at thirteen and forty-five days respectively, presents 
corresponding features to that of the wolf-fish, though the nuclei in the muscle-cells are 
much more distinct both in the early and later stages. 

When fully developed the circulation in the larval wolf-fish presents, in regard to the 
vertical or what may be called the vertebral branches of the aorta, a similar arrangement to 
that in the salmon, which has about 26 or 27 of them. These somewhat differ in the latter 
fish in the several parts of the body. Thus the anterior branches (Pl. XXVIII. fig. 2, a) 
course straight up from the aorta to the middle of the trunk, then give off the oblique 
twigs (b) which proceed downward and backward so as to form the oblique lines so notice- 
able in the living.fish. They alternate with venous trunks (c and d) having the same 
“ direction. These arterial twigs admit only a single line of corpuscles, which proceed with 
sf great rapidity, and join the respective veins (c), and then by the larger trunk (d) debouch 
Bs into the cardinal. Beyond the oblique arterial branches just noted the vessels course 
upward and slightly backward to the border of the muscle-plates, and give off various twigs 
before terminating in the venous radicles. Posteriorly the oblique branches appear to 
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be less complex, and finally they form simple twigs towards the termination of the 
chorda. ‘The arterial branches along the sides of the body appear (in optical section) to 
be more deeply situated than the veins. 

At this time no blood-vessel extends beyond the line of the sansele-slabin—tnebadiing 
those of the tail; indeed, it is not till the third day that three or four loops of capillaries 
(Pl. XXVIII. fig. 3, ax) pass from the distal ends of the vertical vessels in the region of 
the adipose fin. They increase in number about the tenth day, yet at this period none 
occur in any other fin, except the tail. This is a noteworthy feature, though it is in 
consonance with what ALEx. Acassiz has generally observed, viz., that the posterior 
dorsal is the first to be differentiated. * 

In the wolf-fish the anterior region of the intestine (Pl. XX VI. fig. 2) is supplied by a 
large artery (mesenteric) d, which leaves the aorta on the night side, proceeds towards the 
intestine, and bifurcates after a short course. The superior branch runs along the posterior 
third of the upper part of the gut to inosculate with the main artery from the posterior end, 
as formerly mentioned. ‘The other trunk passes to the lower side of the gut, and gives 
twigs anteriorly as previously seen, and these terminate in veins passing upward to the 
intestinal (portal) vein. A hepatic branch is also sent to the liver. Another branch (the 
subclavian) is given off by the aorta in front to each pectoral. In the salmon, again, besides 
this branch, the aorta sends twigs to the right and left sides of the yolk-sac. These, how- 
ever, were not noticed in Anarrhichas, though they may have been present. When about 
a week old, moreover, minute branches occurred in the salmon in the space between the 
yolk-sac and the ventral fin. Some of these seem to come from the arterial twigs of the 
sac, others from the oblique twigs on the side of the body. In the newest and most 
minute capillaries in the developing fish (salmon) the blood-discs pass edgewise, and at 
intervals, the rest being simply a flow of pale fluid: nothing else at least could be observed. 

Caudal Circulation.—The circulation in the tail of Anarrhichas, at the stage shown 
in Pl. XXVII. fig. 2, may very well be contrasted as regards the arrangement of the 
vessels with that in the salmon two or three days old (Pl. XXVIII. fig. 1), though it 
has to be borne in mind that the presence of the fairly formed cartilaginous hypural 
elements in Anarrhichas has an influence on the relations of the parts. The aorta (ao) in 
the wolf-fish leaves the notochord just at its dorsal bend, a twig passing up, over the 
chorda, a little beyond the point of departure. The course of the vessel is backward and 
downward between the upper and lower hypurals. The next branch is a slender twig 
(cad) which passes, with a nearly equal interval on each side at its origin, almost to the 
tip of the notochord, where a few coils occur. It then enters the venous system. It is, 
probably, the representative of the small artery which, about a fortnight before, went 
upwards along the notochord and returned by a similar vein, as in the salmon. ' 

At the posterior termination of the hypural fissure the artery splits—a branch 
proceeding dorsally and another ventrally—the two lying nearly in a continuous line. 
From these a series of more or less parallel loops pass outward and obliquely downward 
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in a fan-like manner into the caudal expansion, the whole having a somewhat semi- 
circular outline, since the dorsal and ventral branches are less prominent than the 
median. A considerable margin of the tail is devoid of vessels. A downward loop is 
usually formed by the vessels just described, which enter the vein, and various inoscu- 
lations also occur terminally. The terminal, dorsal, and ventral series present 
slight irregularities, the dorsal loops especially being broader and less definite. The 
venous twigs from the arteries just alluded to pass forward in a similar direction to the 
two large venous trunks running along the posterior border of the hypurals. In regard 
to the axis of the body, these veins, as well as arteries, lie at an angle of about 45°, 
the ventral edge, moreover, having twigs which curve even further forward. By the 
union of the foregoing venous ramifications, the great caudal is formed. It lies beneath 
the aorta, and follows the same curved course as the artery. 

The circulation in the tail of the wolf-fish exhibits, at this advanced stage, a com- 
plexity similar to that in the salmon two or three days old, and the contrast between 
their rate of development is thus very great (conf. Pl. XX. fig. 1, wolf-fish newly 
hatched, with Pl. XXVIII. fig. 1, salmon newly hatched). It is unlikely that the 
development of the former in the egg is much more rapid than that of the latter, yet 
the wolf-fish on being hatched presents only a few loops of vessels below the straight 
notochord, while the salmon has attained a complexity of organisation in regard to the 
vessels and the curvature of the notochord only reached by the former two months later. 
Moreover, the nearly horizontal direction of the median vascular loops in the salmon is in 
contrast to the obliquely downward direction of those in the wolf-fish. It must, however, 
be remembered that the influence of altered circumstances (e.g., those in the Laboratory) 
upon the eggs of Anarrhichas is unknown: yet other eggs with thick capsules do not 
seem very readily affected by such external conditions. 

The size of the arterial trunks in the tail of the salmon seems to be smaller in com- 
parison with the veins than in the wolf-fish, and, moreover, the former has a large venous 
sac (comparable to the caudal heart of the eel) at the upward bend of the notochord, 
forming a large ovoid dilatation sloped upward and backward, and with a siphonal bend 
dorsally, and a slight contraction ventrally (PJ. XXVIII. fig. 1, cvs). No pulsation is ever 
present in it, except the impetus from the pulsations of the arteries and from the action of 
the auricle. Stasis very readily affects this sac. In the somewhat older larva as much 
blood passes by the vessels beneath as through the sac in these circumstances. The sac seems 
to diminish rapidly, for it is indistinct on the thirteenth day, though the increased amount 
of pigment renders accurate observation difficult. When about a week old, a secondary 
enlargement in the form of a rounded sac sometimes occurs just behind the former. 

In the more advanced condition, as at the end of March, the vessels in the tail of Anar- 
rhichas (P). XXII. fig. 2) have become much more elongated, and more definitely arranged. 
Further, instead of the obliquely downward direction of the main vessels, the whole form 
a fan-shaped arrangement, the median being horizontal, as in the salmon on the first day. 

The two main branches which respectively leave the aorta and join the caudal vein 
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have now assumed a nearly vertical position, instead of being directed from above down- 
ward and forward. This position is due to the changes in the upward bend of the 
notochord, and the relations of the hypural elements. The regularity of the vascular loops 
towards the tip of the tail is noteworthy, each corresponding with a prominent cutaneous 
frill or process of the marginal (caudal) fin. | 

Pigment.—On emerging from the egg, about the beginning of February, the larval 
Anarrhichas shows finely stellate black pigment on the head and other parts, especially 
along the dorsal region of the pronephros and alimentary canal, and behind the pectoral 
fins (Pl. XXI. fig. 1); a considerable number also occur on the adjoining region of the 
yolk-sac. It so rapidly increases that a conspicuous blackish band soon stretches from 
the pectoral fins to the anus. The pigment just described as passing along the dorsal 
line of the alimentary canal is found in section to be deeply seated, and to be scattered 
near the commencement of the segmental duct—on each side of the aorta and below the 
notochord. The pigment dips between the involutions of the duct anteriorly, and after- 
wards forms a lining to the roof of the perivisceral cavity, splitting in the centre to 
enfold the segmental ducts. It continues all the way back to the urinary vesicle, 
diminishing much posteriorly, then dips in between the vesicle and the rectum and 
ceases. In the case of those embryos long retained in the egg, the pigment is abundant. 
The general hue of the fish is a translucent straw-colour, with the exception of the 
blackish pigment just referred to. As the latter increases it is found that dorsally, in 
lateral view, it becomes aggregated largely in two lines above the level of the notochord, 
and gradually reaches the base of the tail, Much of this pigment is doubtless deep seated, 
that is, is developed in the membranes of the brain and spinal cord. 

In the beginning of April the blackish dorsal and ventral bands on the side become con- 
spicuous. Each commences behind the pectoral fin, and envelops the lateral region of the 
body almost to the lower border of the liver, where it is defined by a straight line which 
commences somewhat above the notochord in front, and dips slightly in its course until 
it reaches the anus. It covers the entire alimentary tract, and posteriorly shows 
numerous dorsal digitations. The head is now so closely covered by the stellate pigment- 
spots that it assumes a dull slate-colour, and the same hue characterises the anterior 
region of the body. A double line of pigment runs internally (1) along the tips of the 
neural spines, processes interdigitating with them, and continuing very distinctly almost 
to the end of the notochord; (2) the other passes from a point a little behind the head on 
the surface of the muscle-masses, to cease a little before the other band just described. 
This outer pigment-layer is within the bases of the spines (interspinous bones). Towards 
the end of the month a still further increase takes place in the pigment between the snout 
and the base of the tail, and it extends latterly to the ventral marginal fin. The densest 
region is at the dorsal margin of the abdomen on each side, and stretching from the 
pectorals to the anus. The fish laterally shows a silvery lustre (from the peritoneum), 
with black touches, which form an obliquely striped arrangement (Pl. XXVII. fig. 1). 
Toward the upper region of the abdomen the colour progressively increases, so that about 
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the 1st of May the upper arch of the cranial cavity, and a considerable portion of the sides 
superiorly, are covered with continuous pigment. It extends along the spinal cord—en- 
veloping two-thirds of its surface dorsally—while the lower aspect is free from it. The 
abdominal cavity has a continuous coating on its silvery peritoneal surface, and the same 
occurs, as previously noted, round the segmental organs. A dense layer of pigment also 
lies beneath the skin, over the muscles, and posteriorly the upper arch splits to send off a 
layer to the tip of the interspinous bones. The latter layer ceases a little above the bases 
of the V-shaped fin-rays. There is considerable variation in the pigment, some specimens 
towards the end of June, with the yolk-mass completely absorbed, presenting in trans- 
verse section, besides the continuous layers, large isolated pigment-masses here and there, 
breaking the continuity of the layer, both in the subcutaneous and peri-nervous regions. 

The silvery sheen extends a short distance over the yolk-sac. The dorsum of the 
head is deeply pigmented, while the sides are less so. A little below, the lobes of the 
brain are outlined by their blackish pigment. About the middle of May, the con- 
dition of the young fish is shown in the figure before mentioned (Pl. XXVII. fig. 1). The 
pigment on the dorsum and sides is dull blackish or a uniform dull grey, with black specks. 
The abdomen is silvery and iridescent, as well as dotted with black pigment-corpuscles. The 
pectorals have a little pigment at their bases, and the same is present along the bases of 
both dorsal and ventral marginal fins, the former being definitely banded. The tail is still 
translucent. The iris is iridescent silvery, with black pigment—chiefly visible superiorly. 

When about five inches in length, the dorsal fin has about a dozen black spots at inter- 
vals, the anterior being nearer the free edge than the posterior. The sides are also marked 
by a somewhat reticulated arrangement of spots which, in a few instances, coalesce to form 
bars. The lateral dark patches proceed from those in the dorsal fin, and meet when about 
a third of the body is traversed, and then they form a single or double band to the ventral 
border, which is devoid of them. The increase in the pigment, e.g., at six inches, demon- 
strates how, from the former arrangement, the bold stripes on the sides and dorsal fin of 
the adult are formed. The hue of the latter must render it very much in harmony with 
its surroundings on rough hard ground amidst stones and zoophytes. 

In the young salmon we find many points of contrast at this stage. The pigment 
on the head is much developed on extrusion from the egg. A few black pigment- 
corpuscles occur beneath the cranial tract and along the spinal cord, but they are 
isolated, and often in the abdominal roof only a single one occurs in a transverse section 
of the fish. In this region, also, a line of pigment passes dorsally on each side of the 
median (embryonic) fin. A few, again, occur at the base of the ventral median fin. Both 
cease before reaching the tail. The young salmon at this period is of a translucent pale 
yellowish hue, with a tinge of pink, while a considerable number of pigment-corpuscles 
are present on the head, and a chain of them along the neurochord. The large oil- 
globule is of a dark orange-colour. The pigment very soon becomes denser at the upper 
part of the yolk-sac, as well as over the body of the fish. The indications of the “ parr- 
marks” occur at the third week. A little later (fourth or fifth week) the pigment 
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is much increased, especially at first over the opercular region, and other parts of the head. 
The “ parr-marks ” on the sides are eleven in number, though, from the close proximity 
of several, they do not appear to be sonumerous. They are not symmetrical on the sides, 
the fourth being double on the left side, whereas it is the third that is so on the right in 
the specimen examined. Along the dorsum the pigment is arranged in a double chain, 
while the head shows an hour-glass pattern. The black spot on the operculum is well 
marked. The tail laterally and posteriorly exhibits a brownish-pink hue from the presence 
of the reddish pigment-corpuscles. These latter are likewise distributed on the general 
surface of the body and on the dorsal fin. 

About a fortnight later the entire body is covered with pigment-corpuscles, which are 
larger and more closely aggregated at the “ parr-marks.” Minute glistening granular 
bodies also occur in various parts of the integument. The dorsum anteriorly has a con- 
siderable member of pinkish-red corpuscles, giving it a reddish tint to the naked eye. 
Small corpuscles of the same hue occur in the “fatty” fin, in which the vessels ramify 
very plainly. 

Along the dorsum (behind the pectorals) are seven pigment-masses, The first, imme- 
diately behind the pectorals, is large and distinct. The second, also distinct, is situated 
at the anterior part of the dorsal fin, covering a space in front and a portion on each 
side of the fin. The third has similar relations to the posterior part of the fin, besides 
proceeding some distance behind it. An elongated and less defined mass follows, in front 
of the “ fatty ” fin, and connected with a smaller patch at the anterior border of the fin, 
which proceeds a short distance on either side. Eight fairly definite lateral bars are 
present on the left side, with a less evident ninth bar at the tail. On the right, likewise 
are nine, the sixth being placed a little behind the (posterior) margin of the dorsal fin, and 
so elongated and large as to appear double or compound. The ventral surface is silvery 
white, and the general colour of the back greenish. Scales are now present on the 
dorsum, and mucus scraped from the surface is found to contain many flat nucleated cells 
(epithelium) of a delicate transparent character, with a large granular nucleus, and one or 
more nucleoli. 

The young salmon, about a month older, shows a little variation in the “ parr-marks.” 
Thus, in some eleven occur on the left, while nine are present on the right side. The 
dorsal pigment remains much the same as above described. A reddish tint is still observ- 
able at the margin of the fins. The young fishes, however, differ somewhat in size and 
colour, some being quite light, others very dark under the same conditions. In many 
examples a large yellowish patch occurs in the posterior part of the cranial region, while 
in front is a greenish-yellow area. The usual changes in tint, however, are observed on 
removal from a darker to a lighter situation, except in sickly or apparently dying fishes. 
The round glistening bodies composed of transparent granules are still abundant. 

The pigment of the two species mainly considered in the preceding pages offers a few 
interesting features to which brief reference must now be made. 

The young wolf-fish is uniformly tinted, or at least exhibits no bars, in the stages up to 
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the length of 14 inch-; whereas the adult wolf-fish is boldly barred with dark pigment. 
On the other hand, the young of the salmon, as well as of allied species, are just as 
prominently barred in their larval state, as they are uniformly tinted in their adult con- 
dition. We have seen that the young cod is at first boldly speckled, and later is definitely 
tesselated, whereas in its adult state the tints are more or less uniformly arranged. 

The ling (Molva vulgaris), again, after the ochre-yellow colour of the early embryo—a 
colour which extends along the enormous pelvic fins of the subsequent stage—becomes, in 
a more advanced condition, beautifully striped, and still later is barred in a most striking 
manner, while the adult form is almost as uniformly tinted as the cod. The young green 
cod (Gadus virens) is, however, uniformly tinted both in its young and adult condition, 
the larval stage not yet having been described; and, as far as is known, the haddock and 
whiting (Pl. XVII. fig. 12), after the absorption of the yolk, do not exhibit any divergent 
feature in regard to colour. On the other hand, the young gurnard (7. gurnardus) shows 
little that is noteworthy in the pigment of the early stages, but when ? inch in length it 
is characterised by the remarkable crescentic disposition of the pigment on the pectoral 
fins. The dragonet (Callionymus) is less beautifully tinted in the young stages than in 
the adult, but it is noteworthy that the ventral surface of the abdomen is blackish in the 
post-larval stage—white in the adult. 

The rocklings (Motella) are distinguished by their remarkably long ventral fins, the 
base being white and the tips black. In the Pleuronectide there is a tendency to 
transverse rows of blackish spots, as in the turbot (Rhombus maximus), or in an earlier 
stage to dots along the bases of the marginal fins, both dorsal and ventral. 

The Integument.—-Few features of interest are found in the integument of other post- 
larval forms, as the scales appear to be late in developing, and the various dermal and 
epidermal strata are not readily distinguished. In some forms, as in Callionymus, 4 inch 
long, and Cyclopterus, large cellular spaces occur from the snout to the tail—developed 
probably in the Malpighian stratum of the integument, and by their increase in size they 
are pushed towards the surface. Their contents are usually clear in stained sections ; but 
in Cyclopterus they are coloured very deeply by Beale’s carmine, and in all cases are 
probably glandular. In Cottws, 3 inch, also very large spherical cells of a similar character 
appear ; and in the post-larval Labrus, ,', inch in length, they are most numerous over 
the frontal and epiotic regions. 

Serous Spaces.—In the early larval condition of certain forms considerable serous 
spaces occur in the dorsal regions of the head and trunk, but they gradually diminish, 
and lymphatic fluid appears to collect in chambers, often of large capacity, which occur as 
in the post-larval gurnard when 4, inch in length, between the roof of the mouth and the 
cranial floor. A blade-like plate of hyaline tissue is developed in the membrane arching 
over the two supra-oral cavities. Each plate is placed at an angle, and abuts on the 
posterior median process of the rostrum. Again, in the cod, $$ inch in length, a large 
lymphatic chamber occurs behind the urinary bladder, and a network of connective 
tissue occupies the contained space. Around the fore-part of the membranous cranium 
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in Pleuronectes flesus, °; inch in length, a space occurs—evidently filled by gelatinous or 
lymphatic matter with widely separated nuclei. 

Pectoral Fins.—In the larvee of the wolf-fish hatched at the time the eggs were obtained 
(viz., January) the movements of the pectoral fins (Pl. XX. fig. 5) were as active as those 
in the salmon on its escape from the ovum. Their motion within the egg, however, was 
not noticed at this period. As the season advanced these organs showed more vigorous 
motions, and were kept in rapid vibration when swimming. On the Ist of April they pre- 
sented a crenate margin, and before the end of that month attained great development as 
large fan-shaped expansions, but during the stages under observation their axes remained 
more or less vertical, as indeed they are in the adult. A comparison with the salmon is 
interesting, since, in the wolf-fish, the pectorals remain very large throughout life, whereas 
in the adult salmon they are of moderate dimensions. Viewed laterally in the newly-hatched 
salmon (Pl. XXII. fig. 4) they are very prominent, rising above the line of the dorsum and 
its median marginal fin. In vertical transverse section their tips far exceed the dorsum, 
and thus they present a great contrast to those of the wolf-fish, which do not at this stage 
reach so high. Their plane is nearly parallel with that of the body, and they are more or 
less rounded in form. On the fifteenth day they show embryonic fin-rays, and distinctly 
droop to the sides, and do not extend so much above the dorsum (Pl. XXII. fig. 8). 
As development proceeds, they gradually increase in size, and by the rotation of their 
axes they, in the fourth or fifth week, assume a horizontal position (Pl. XXII. fig. 10). 
They form, indeed, two shark-like organs which, when the fishes are resting on the stones 
at the bottom, are often moved in a reptant fashion, after the manner of Chelonian fore- 
feet. Moreover, the fin of the parr, at a somewhat later stage, becomes less rounded 
_ (more lanceolate) than in the earlier form. In horizontal sections of post-larval Gadoids, 
$4 inch long, the free fin-plate of cartilage is separated by an interval from a proximal 
_ (coraco-scapular) plate, internal to which is the hyaline clavicular rod. The interval 
_ referred to is filled up by deeply stained cellular tissue which forms a thick protruding 
band. 

Ventral Fins.—A similar change takes place in the shape of the ventral fins in the 
salmon, from the rounded form of the seventh day salmon (Pl. XXVIII. fig. 2) to the lan- 
ceolate outline of the adult. These organs (ventral fins) are sometimes used for support 
when resting on the bottom. In the early larva only the embryonic fin-rays are present, but 
at the end of the third or fourth week there is externally a pale margin, with few cells, which 
increase from without inward until a mass of cells—traversed by the fin-rays—appears. 

The ventral fins in marine fishes develop late in larval life, one of the most rudi- 
mentary stages occurring in a post-larval Ammodytes (?), 4 inch in length. On the 
flattened ventral surface two angular knobs appear laterally below the posterior hepatic 
region. In transverse section the epidermic evagination exhibits an inner columnar layer, 
with a dense central core, limited internally by the thin peritoneum. A similar appearance 
_ is presented by the ventral fin-buds in Gastrosteus spinachia at a late larval stage. In 
_ Pleuronectes flesus, °; inch in length, the buds are more advanced and have the form of 
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ventrally directed flaps on each side of the diminishing median embryonic fin-membrane. 
In the central core above referred to, a simple bar of cartilage passes downward from a 
point immediately below the peritoneum, at the anterior border of the liver, and ends, 
near the tapering margin of the fin-bud, in a dense aggregation of small cells deeply 
stained in the preparation. In a Gadoid, } inch in length, similar cartilaginous plates 
appear, not, however, in bold projecting flaps of the integument, but in flattened hori- 
zontal ridges; this difference in position being due, no doubt, to the flatter and more 
obtuse character of the ventral surface in the post-larval Gadoid. Posterior to the paired 
cartilaginous plates, which have an upper and a lower muscular mass, an expansion of 
the integument forms a membranous fin supported by four or more hyaline rays. The 
fin-rays at this time consist of paired hyaline rods, semilunar in transverse section, each 
pair enclosing a strand of dermal tissue. A still later stage is seen in the post-larval 
goby, 3% inch long, in which the two basal skeletal rods of the developing ventral fins 
approximate, and are united posteriorly, forming an angle, with the apex directed back- 
ward. Thus early is the union of the ventral fins effected which results in the disk-like 
structure characteristic of the adult. The liver lies immediately over the developing 
ventral fins, which are slightly anterior to the position they subsequently occupy. 

Median Unpaired Fins.—In the larval wolf-fish the marginal fin-membrane 
commences behind the head in a position similar to that in the salmon, and extends 
all round to the anus, and again forward in front of it to the yolk-sac. Proportionally 
it is much less developed than in the salmon, and while the changes in its outline in the 
latter are complex, those in the wolf-fish are less so. Moreover, whereas the marginal 
portion of the tail of the salmon does not increase much at the period of absorption of 
the embryonic fin, the contrary is the case in the wolf-fish, whose caudal expansion 
attains large dimensions as the fin of the body diminishes. Whether this is altogether 
due to the increase of the marginal web of the tail, or absorption in the other parts, is 
doubtful. Probably both causes are concerned. The embryonic fin-rays appear first in 
the caudal region, and afterwards in the anterior region. As the larval fish increases in 
size, the marginal fin remains stationary, its further apparent diminution being due 
merely to the general increase in the bulk of the body. It, however, increases in 
thickness, and spinous rays are developed during the second month. On completing the 
larval phase, 2.¢., on the absorption of the yolk in the beginning of June, the number of 
dorsal spines is seventy-one; the first pair are separate, and the second diverge at the 
tip, while the last is single and small. The ventral spines are forty-four in number, and 
the last likewise is single and small. 

In the salmon the marginal fin (Pl. XXII. fig. 4) shows, on emergence, considerable 


differentiation. Thus the first dorsal is well marked, though it has only the granular 


structure characteristic of the rest of the fin. The adipose fin is indicated by the eminence 
situated between the former and the caudal, which is somewhat lobate, and generally 
shows a slight notch above the tip of the notochord, marking, apparently, the homologue 
of the embryonic tail-fin. The anal is distinguished by an elevation posterior to the anus, 
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and a similar prominence (pre-anal) corresponding to no structure in the adult fish, and 
not comparable to the first anal of the Gadide, occurs between the ventral and the anus.* 
When a week old, these portions, which correspond to the regions of the permanent fins, 
are denser, the other parts being very thin, and apparently undergoing absorption. 
The embryonic rays are now distinct. Meanwhile the blood-vessels begin to ramify 
in the “fatty” fin (Pl. XXVIII. fig. 3), and the capillaries in front and behind the 
primary series are on the ninth day increased; they soon, indeed, extend throughout the 
entire length of the fin. Several indications of true fin-rays occur in the first dorsal, and 
at the end of a fortnight the embryonic marginal fin has, to the naked eye, nearly 
disappeared, so that the permanent fins are more boldly marked. Pigment appears in 
both dorsal fins at the same period; while pale capillaries ramify in the anal fin, and 
stretch nearly to the tip. They probably also develop in the dorsal and ventral; but 
they were not seen. The marginal (embryonic) fin is now almost absorbed, except in 
the interval between the ventral fin and the anus. 

Between the fourth and fifth weeks, the dorsal and anal fins show the cartilaginous 
rays, while the membranous parts between them are widened and coloured by numerous 
yellow and brownish pigment-corpuscles. Thirteen rays occur in the dorsal, and the 
same number in the anal fin, and the interspinous elements produce wavy marks beyond 
the muscle-plates. Both fins have crenate borders, as in the tail at this period; while 
the adipose fin presents a fibrillated aspect, and has a network of fine blood-vessels. All 
the fins are proportionally larger than in the adult, as observed in the outline of an 
average specimen (Pl. XXII. figs. 10 and 11). In minute structure the dorsal and other 
fins already present most of the characters of the adult. Thus, at the anterior part of 
the dorsal, are two narrower and shorter rays, the first a simple spike, the second con- 
sisting of two which forma loop. At the base of the larger rays is a projecting median 
point, and the terminal process is long, and almost unciform. The pigment is chiefly 
placed on the cartilaginous rays. 

In considering the condition of the median fin-rays of these young fishes, it will be 
observed that on the thirteenth or fourteenth day the dorsal of the soft-rayed salmon 
corresponds nearly with the condition in the adult, but in the anal fin the number of rays on 
the tenth or the twelfth day, viz., thirteen, is in excess of the number in the adult. In this 
respect, however, it is doubtful how far authors in numbering the rays have anatomically 
examined the parts, or how much they have depended on external appearances. On the 
other hand, the osseous rays in the dorsal of the young wolf-fish seem, if Day be right, 
to be fewer than in the adult, viz., 71 as compared with 72 or 74 (Day), while the rays 
in the anal present a similar condition, viz., 44 in the young as against 45 to 46 in the 
adult. An examination, however, of the skeleton of a fine adult in the University 

Museum here shows that the number of the dorsal fin-rays exactly corresponds with that 
of the young forms just mentioned, and so with the ventral. There may be variation ; 


* The outlines of the fins of the young salmon seem to differ considerably from those of the larval Lochleven 
trout, as shown by Mr J. T. Cunninapam, Trans. Roy. Soc. Edin., vol. xxxiii. pl. i. fig. 4. 
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but it is remarkable that so little exists. Mr Day * had, therefore, certain grounds for 


stating that fin-rays do not materially increase with age. 

The condition of the growing rays and of the interspinous elements in certain other 
post-larval Teleosteans is interesting. Thus, in a section of the caudal trunk of a 
gurnard, ;', inch long, four series of interspinous cartilages are developed in the 
connective-tissue strand which extends upwards from the neural arch. The neural spine 
is the proximal element, and has the form of a rounded nodule clothed on each side by a 
plate of hard hyaline tissue. The third nodule in the series is large and irregular, and 
like the second presents a cartilaginous structure only ; but the highest nodule, lying at 
the base of the 2nd dorsal fin, exhibits on each side a horizontal hyaline plate passing 
outwards parallel to the plane of the flattened dorsum. The fin-rays are paired rods of 
hyaline tissue, and at this time each rod is separated from its fellow by intervening 
tissue. Each of the cartilaginous elements just described has its special muscular strand 
on each side, and it is possible that they may at a later stage unite to form one javelin- 
like neural spine. Further forward, indeed, the neural spine does develop as a single rod 
of cartilage surmounted by a nodule of the same tissue which is trifid superiorly. In 
Cottus quadricornis the neural spine in the mid-trunk region is cartilaginous, with one 
superior. (interspinous) element; but the neural arch itself is formed by two dense 
hyaline arms which grow out from the perichordal ring of the same tissue. In the post- 
larval goby (Gobius ruthensparri) the interspinous element appears before any neural 
arch or spine is developed, and it has the form of a rounded nodule at the summit of the 
connective-tissue continuous with the perichordal sheath. In the young wrasse, +4, inch 
in length, no supra-neural cartilage appears at all in the region of the dorsal fins. The 
fin-rays are, as usual, formed by the union of paired hyaline rods, having a semilunar 
form in transverse section—the concave surfaces being opposed, and the neural spine, as 
will be described later, is formed of hyaline matter. : 

On escaping from the egg the tail of Anarrhichas is more or less lobulated, though 
in many it is lanceolate. A distinct constriction (Pl. XX. fig. 1) occurs in front of the 
organ, which then gradually widens out—the dilatation being more marked inferiorly 
than superiorly. The notochord goes straight backward from the nuchal curve to the 
commencement of the caudal region proper, and then tapers to the termination, the axis 
of this part being in the same line as that in front, viz., horizontal. In many views, 
in newly hatched forms (January), a slight fold appears at the margin of the caudal fin, 
in a line continuous with the notochord ; but whether this is a definite structure or not 
is uncertain. All that can be said is that the appearances indicated in the figure 
(Pl. XX. fig. 1) were frequent, and recalled the notch above the tip of the notochord so 
familiar in the larval salmon. Structurally the tail, at this stage, presents a minutely 
cellulo-granular appearance (due to the cutaneous elements), most marked in the thicker 
central region, and becoming translucent towards the margin. The embryonic fin-rays, 


* [It is with deep regret that the authors have just received intimation of the death of this experienced and meri- 
torious worker in the field of Ichthyology—both British and foreign.] 
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like fine fibres, radiate over the whole area of the organ. The notochord transfixes the 
tail considerably above the median line, leaving a much larger proportion of the lobe 
beneath than above, and into this the blood-vessels pass. A little posterior to the 
marked caudal diminution of the notochord the neurochord abruptly narrows, and a 
delicate continuation (Pl. XX. figs. 1 and 3) proceeds to the tip of the former. 

In the course of the succeeding month (February) the dorsal bend of the noto- 
chord commences, so that on the 17th a considerable change in outline has occurred. 
The upper border, especially along the posterior line, becomes prominent, while the 
inferior is less so, and the hind edge assumes a broad blunt outline (Pl. XX. fig. 3). 
It is evident that the inferior lobe of the tail in the early stage (Pl. XX. fig. 1) now 
becomes more or less the posterior, a change, perhaps, partly due to the terminal and 
upward curve of the notochord. The latter at this stage is much less marked than in the 
salmon of the first day. The appearance of the hypural elements (Pl. XXVII. fig. 2), as 
already indicated, probably aids in the transformation. The notochord is still less curved 
than in the salmon of the first day, and the posterior hypural margin slopes downward 
and forward. The hypural (cartilaginous) element most anterior (huc) is quadrate, and 
devoid of the notch seen by Professor Huxtey in that of Gastrosteus.* Its longest side 
is directed inferiorly and posteriorly. The posterior or superior hypural cartilage is 
triangular in outline, its longest side being applied to the under surface of the ascending 
notochord, which projects about half the length of this side beyond it. The bases of five 
or six caudal rays rest on the larger hypural, and a somewhat smaller number on the 
upper. They may be estimated at twelve in the earlier stage (March). In the following 
month (April) the further curvature of the notochord upward is accompanied by a 
tilting of the posterior edges of the hypurals into a nearly vertical position, and the 
greatly elongated vessels now run straight outwards along the rays. The posterior 
margin of the caudal fin has also become conspicuously crenate, and at this stage (PI. 
XXII. fig. 2) the inferior margin is more rounded than the superior, which ends after 
a straight course somewhat abruptly in a crenation. In front of the tail, ventrally, a 
slight inflection of the marginal fin occurs. The notochordal sheath now shows serial 
constrictions indicating the separation of the centra. 

In the next stage (Pl. XXVII. fig. 3) the tail is considerably elongated, and its 
vertical diameter is diminished. The notochord is less in proportion to the other parts, 
while the anterior, or inferior, hypural has increased in length, and shows a distinct 
upward curvature at the base. 

There are upwards of twenty caudal rays, z.e., about twenty-four, a larger number than 
is present in the adult. Day records the number in the adult at fifteen to eighteen, 
while in the St Andrews University Museum three specimens each possess twénty-one. 

The fin-rays show three vertical rows of articulations, and they spread out distally, 
and terminate in fine fibres, like those of the embryonic fin. The marginal crenations, 
posteriorly, are now so disposed that they correspond with the expanded ends just 

* Quart. Jour. Mier. Soc., 1859, p. 40, ph. iii. fig. 1. 
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mentioned. A further stage is shown in the coloured figure of the young fish about the 
middle of May (Pl. XXVII. fig. 1). In this the upward direction of the dorsal border 
of the tail is evident, but the organ is perhaps less elongated (antero-posteriorly) than 
in the previous stage. 

The difference between the tail of the larval fish and that of the adult is obvious, 
for in the latter it is somewhat dwarfed by the great development of the median fins— 
dorsal and ventral—and its antero-posterior diameter is considerably less than the depth, 
for instance, of the dorsal ; whereas, in the young stage, its long diameter much exceeds . 
the depth of the latter, and both the dorsal and the ventral diminish in front of it so 
much that it is very prominent. Probably the condition of the tail has relation to the 
more active pelagic habits of the larval animal at this period. 

The development of the caudal region in the salmon was observed at the fortieth day 
after fertilisation. The tip at this stage is very transparent. The termination of the 
notochord is gently curved upward and ends in a somewhat blunt point, a short distance 
within the free border, the cells ceasing before the tip is reached. The notochordal 
sheath is well marked. Above the notochord the neurochord is about the same breadth. 
The embryonic fin-rays stretch outward as in the marine Teleosteans. Thus the embryo 
has reached at this time a more advanced condition in regard to the notochord than the 
larval wolf-fish in the early months. 

In the newly hatched salmon, again, the tail (Pl. XXVIII. fig. 1) has attained a 
degree of development comparable with that of the wolf-fish at the stage shown in 
Pl. XXVII. fig. 2, for the true fin-rays have made their appearance in addition to the 
transient embryonic rays, though the great increase in cellulo-granular tissue obscures 
both, On the tenth day the fin-rays number about twenty, and they abut on the 
hypural cartilages. They are split a short distance from their origin, and blend, in 
ordinary views, in the embryonic fibres at the tip and the cellular stroma of the organ. 

The hypural elements have also increased considerably, and show a cartilaginous 
structure, forming a clear space behind the notochord. The notch remains in the margin 
beyond the tip of the chorda, indicating perhaps the dorsal and ventral lobes; but the 
tail is narrower, and the posterior margin is less curved. 

When a fortnight old, lines of pigment occur in the tail, along the fin-rays, leaving 
clear intermediate spaces. The arteries run along the latter, and the veins return by the 
dark lines. There is now no notch superiorly to indicate the tip of the notochord, and 
the free margin is somewhat undulated. The upper border of the tail is more prominent 
than the corresponding lower margin, just as we see in Anarrhichas. The segmentation 
of the fin-rays produces wavy lines in the tail. Already the curved portion of the noto- 
chord is diminishing in proportion to the rest of the tail, and is now much obscured by 
pigment. Between the fourth and fifth weeks the articulations of the cartilaginous 
caudal rays produce three wavy vertical lines, with their convexity directed backward. 
The rays are also more distinct, and for the greater part of their length are free from 
pigment, the base alone possessing it. The posterior margin is uneven—from crenations, 
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which correspond to the fin-rays. Numerous brown pigment-corpuscles exist in the 
intervening membrane. From the curved portion of the notochord the hypurals (about 
six in number) project backward, besides an opaque mass at the tip of the organ, which 
may be a rudiment of one, though no cartilage-cells can be made out. The fourth ray is 
much broader than the others, and has the form of a long bent spatula. On comparing 
the salmon of this period with LEREBOULLET’s trout at a similar stage,* the following 
differences appear :—The fifth hypural from the tip is large and broad in the trout, instead 
_of the fourth. The fin-rays in the trout are fibrillar throughout, and have no articula- 
tions; whereas in the salmon they are only fibrillar along the terminal third, and have 
the articulations described above. The development of the trout must therefore be slower, 
though in LEREBOULLET’s figure the hypurals are well formed ; or perhaps the figure itself 
is deficient. The condition of the tip of the notochord would seem to show that the stage 
figured is really earlier. 

The pigment in the tail subsequently increases, as also do the fin-rays, which at this 
stage amount to twenty-three or twenty-four; whereas Day gives those of the adult at 
nineteen. Four vertical lines indicate the articulations of the rays—the first or anterior 
being most curved. 

The caudal region just described, and that of the wolf-fish, offer several interesting 
points of contrast, the most noteworthy of which is, perhaps, the great complexity of the 
circulation in the former on hatching, and the conspicuous curvature of the end of the 
notochord. Besides, the divergent condition of the hypural elements is striking, the 
salmon having five or six narrow elongated hypurals along the upward flexure, while the 
wolf-fish shows only the two broad plates, as in Gastrosteus.t It is probable that this 
diminution of the hypurals coincides with a reduction in the number of vertebre in the 
curved portion of the notochord, a supposition borne out by appearances in the salmon 
—for indications of six or seven constrictions are visible in that species in the region of 
the hypurals, that is below the atrophied terminal process, which is lodged between the 
fin-rays. On the other hand, only two are seen in the wolf-fish, and though not shown 
by Hux ey in his figure of the stickleback, similar features were probably present. The 
salmon, at any rate, would thus appear to be more heterocercal than the wolf-fish. 

Notochord.—The notochord in the newly hatched Anarrhichas (in January) is similar 
externally to that of the salmon—that is, it has the usual pointed anterior end, with the 
downward curvature toward the esophagus. The structure of the chorda also corresponds, 
though on the whole in the wolf-fish it seems more firm, since it preserves its circular out- 
line (in section), and its cells appear to be smaller. The notochord of the salmon is prone 
to collapse, a feature, however, that may be due to the preparations. Posteriorly, again, 
a decided difference exists, since the notochord in the wolf-fish is at this stage quite 
straight. The straight notochord of the young Clupeoid, % inch in length, is remarkable 
for the regular serial arrangement of the large chambers extending from end to end. 
The post-larval condition is thus like that of the earlier larva in this feature; but the 

* Ann. des. Sci, Nat., t. xvi. p. 184, pl. iii. fig. 42. + Hvx ey, op. cit. 
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notochord has increased in diameter, and in transverse section is disproportionately large 
as compared with the slender character of the trunk in this species. The partitions 
stain deeply, but present no noteworthy histological features. A Clupeoid, double the 
length of the example just referred to, shows little alteration in the structure of the 
notochord. 

During development Batrour states (No. 11, p. 456), “ that most of the protoplasm 
with the nuclei is caused to pass to the periphery, where it forms a special nucleated layer, 
sometimes divided into special epithelial-like cells” of which he gives a figure in the case 
of the salmon, “‘ while in the meshes of the reticulum a few nuclei surrounded by a little 
protoplasm still remain.” RYDER mentions that he has not been able to see nuclei in the 
cells of the notochord ;* but such appear to be present in Anarrhichas, since small gran- 
ular areas, distinctly stained, occur frequently throughout. They are less definite than 
the nuclei of the newly-hatched salmon, which form large rounded or ovate bodies with 
granular contents, and nucleoli in the majority of the cells (Pl. XXVI. fig. 5). Moreover, 
the cellular rim within the sheath, as GeGENBAUR shows in the salmon,t is well seen in 
longitudinal vertical section in the wolf-fish, since it separates from the sheath as a deeply 
stained layer of cells of some thickness. In the post-larval Cottus scorpius (2 inch long) 
a single layer of large nucleated cells lines the chordal sheath, now firm from the deposi- 
tion of hyaline matter. The central meshwork of chordal cells appears to be diminishing 
in diameter, and along with the cell-layer just named is separated from the hard sheath. 
A similar grouping of nucleated cells is very marked within the chordal sheath of 7. gur- 
nardus, + inch in length; indeed, there are several features of interest at this stage of 
post-larval life, for external to the round nucleated cells} just mentioned, with their 
definite nucleus and clear cell-contents, is a layer of very much flattened cells. The 
large cellular spaces of the notochord have thin walls irregularly folded, and the more 
centrally situated chambers are more spacious than those outside. This condition is also 
well marked in the post-larval wrasse, about 4 an inch in length, the larger cells being 
central. When 3} of an inch in length the notochord of the post-larval Gadoid shows 
indications of vertebral divisions, dense transverse aggregations of nucleated tissue, 
flattened cells, and amorphous notochordal plasma, forming serial rings on the inner sur- 
face of the chordal sheath. As these ridges grow they rupture the hyaline sheath. 

In the beginning of March the chief change in the notochord of the wolf-fish is the 
increase in the size of some of the median cells, those next the circumference being 
smaller. The nuclei, with their nucleoli, are also very distinct in many. Little altera- 
tion occurs in the general arrangement of the notochordal cells in May (Pl. XXVI. 
fig. 4), and though the development of the vertebral elements has made considerable 
progress, yet the cells show little or no modification of importance on the 20th of June. 


* He writes—“In just hatched embryos of several genera I have as yet failed to discover any trace of nuclei in 
those portions of their walls which extend into the body of the chorda” (Rep. U. S. Fish. Commiss., 1882, p. 511). 

+ Elements of Comp. Anat,, translated by Prof. Jerrrey BELL, p. 427, fig. 221. 

t In prepared sections these cells recall precisely the appearance of the early blood-corpuscles in Teleosteans, 
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There is thus much less complexity in the stages just described than shown by BALFour 
and PARKER in the notochord of the Ganoids.* : 

Skull—Much has been done in regard to the development of the cranium of 
Teleosteans, and the comparatively recent memoir of Mr ParxgErt specially treats of the 
skull of the salmon, so that it will be necessary to give only a brief account in these pages. 

On escaping from the ovum in January, the cranium of the wolf-fish is in a very 
rudimentary condition. The greater part of the vault is covered by a thin layer—the 
external cellular integument with a membranous layer beneath, the former showing a 
considerable thickening above the prominent ocular region similar to the tissue—con- 
sisting of pulpy columnar cells—in Gadoid larve =; inch long. In vertical section 
the first skeletal elements in this region are the anterior ends of the trabecule (PI. 
XXIII. fig. 1, and Pl. XXIV. figs. 5 and 6, tr), which seem to have united in front, as in 
the salmon of the first day, and form a kind of ridge, with a superior convexity. They 
extend downward and inward, leaving a space behind the pituitary body, and appear 
to merge in the parachordals which lie on each side of the notochord. The notochord at 
its commencement abuts, in fact, on the cartilaginous plates just mentioned. The inner 
ends slightly curve upward, and do not appear to touch. The parachordals in the 
post-larval Pleuronectid, ?; of an inch long, furnish a great contrast to this condition, for 
their inner edges have coalesced, and form a dense plate of cartilage—into a cylindrical 
cavity in which the anterior end of the notochord passes. From this dense central plate 
thus pierced by the oral end of the chorda, two thin plates pass and unite with the 
otocystic cartilage on each side. The basilar plate now forms a complete floor in the 
posterior cranial region. Even more marked is the united condition of the parachordals 
in the young Clupeoid, ? inch long, at the point where the notochord passes into the 
cranium—the coalesced part having, in transverse section, the form of a massive oblong 
element penetrated centrally by the notochord. Posteriorly, as the diameter of the 
notochord increases, the cartilaginous investing mass diminishes, until between the ears 
it is represented merely by four angular nodules of cartilage, two at the upper and 
two at the under side of the chorda. In the post-larval goby, s{ inch long, the 
parachordals unite, but they form a comparatively thin, flattened, basilar plate, into which 
the chorda passes, and their lateral extensions unite with the otocysts and continue 
upwards over the hind brain—the posterior part of the chondro-cranium being, in fact, 
now wholly cartilaginous, and this complete tube of thin cartilage continues into the 
occipital region, and encloses the medulla oblongata. The small Gadoids, 45 inch long, 
show a similar condition of the posterior floor of the skull, the thin cartilaginous 
parachordals uniting with the floor of the otocyst on each side; but the roof is still 
membranous above the fourth ventricle. There is a remarkable development of black 
pigment in the lining membrane of the otocystic cartilages—the corpuscles being situated 


* The development of the vetebral elements of Teleosteans at St Andrews has been undertaken by Prof. D. J. 
CunnincuaM, of Dublin. 


t Phil. Trans., vol. clxiii., 1873, pp. 112-145, plates i.-v. 
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below the epithelial layer and the sensory cushions, and internal to the auditory ganglion, 
beneath which, and over the upper surface of the parachordal cartilages, it extends as a 
well-marked stratum. In the cod, ,°; inch long, the medulla is arched over by a deeply 
angular supraoccipital cartilage, having the form of an inverted V, and upon its sloping 
surface on each side a flat sheet of muscle passes. A little behind, these plates in the 
wolf-fish join a cartilaginous lamina, which bends upward and outward to form the floor 
of the auditory chamber on each side. In the median line above the tip of the notochord, 
and extending in front of it, is the infundibulum, but it disappears in the line of the 
lamin forming the otocystie floors. After its disappearance the cartilaginous plates 
(parachordals) greatly increase in bulk, so that the notochord between them is strongly 
buttressed. Posteriorly, however, the density of the plates diminishes, and they spread 
outward, extending under the auditory sacs. Two thickenings occur here, one externally 
and another internally. With the former is fused the hyomandibular element. The 
thin band connecting the two parts mentioned gives way as one of the semicircular canals 
(probably the horizontal) comes in the line of section, and only connective tissue there 
unites them. They seem to be closely connected behind, though this could not be aceu- 
rately made out. A similar disconnection is noticeable in the post-larval Gadoid, 34 inch 
in length,—the basilar plate sending up ex-occipital elements to the upper posterior face of 
the otocysts, the cartilage of both being continuous, while below is a well-marked interval. 

The tendency of the auditory capsule in Anarrhichas to sink downward is occasioned 
by the disappearance of the cartilaginous floor just described. The cartilaginous support 
of the notochord in transverse section now assumes the form of a broadly lanceolate process 
seated upon each side, the outer end abutting on the wall of the descending auditory 
sac, while the inner envelops the notochord. The cartilage curves upward fully half- 
way round the medulla, leaving the lower part of the notochord free. It then disappears, 
and the notochord, which has not at this point attained its full dimensions, is surrounded 
by perichordal connective tissue (by which also the side of the neurochord is clothed) 
supported by the muscle-plates. 

An evident difference between the foregoing arrangement, and that in the salmon one 
day old, is the fact that the trabecule, while united and large anteriorly, diminish on their 
way backward, thin off in the middle, and then separate in the ocular region, becoming 
still less as well as more widely separated as they proceed backward. In the infundibular 
region, they again increase in size, but are separated by a considerable interval, and, 
shortly after the commencement of the auditory capsules, the anterior end of which is 
cartilaginous, a plate passes from them, with a slight obliquity upward and outward, and 
joins the cartilaginous boundary confined in this region to the floor and outer wall. The 
curvature of this floor quite differs from that in Anarrhichas, for, like Gobius and other 
forms, it is nearly flat. The hyomandibular, forming a buttress at this point, is narrow 
superiorly and more dilated inferiorly (more truly clavate) than in the wolf-fish. The 
pointed anterior end of the notochord now intervenes between the plates, which, however, 
do not touch it. Each plate somewhat behind this region becomes stouter; but the 
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lateral extension joining the ventral auditory plate diminishes, while the auditory capsule 
passes upward, and forms a dense structure superiorly—below the anterior semicircular 
canal, Then the basilar plates separate from the auditory capsules, and form, in- section, 
an elliptical rod at each side, increasing in bulk further back, and again sending out a 
lateral plate to join the floor of the auditory capsule, and finally separating from it. 
Thereafter, each lengthens upward and outward, and joins the continuous cartilaginous 
mass bounding the auditory capsule posteriorly. Behind the latter capsule the cartilage 
passes upward from the sides of the neurochord, diminishing as it goes, nearly to the 
middle line of the dorsum. In sections further back we see it diminish to a lateral plate, 
pointed above, broad where it clasps the notochord, then broad above and pointed below, 
and still further back it disappears. There are material differences, therefore, in the car- 
tilaginous elements of the two forms, one of the most marked being the larger size of the 
ear-capsules, and the deficiency of cartilage posteriorly in Anarrhichas, and the greater 
bulk of the cartilage at each side of the notochord behind the auditory region in the same 
form. The cartilage is evidently much more firm than in the salmon, and instead of 
collapsing the notochord, as before mentioned, remains circular. The cartilages of the 
posterior part of the cranium are, however, of greater complexity in the salmon. Further, 
in the latter form a slender bar represents the palato-pterygoid ; but in the wolf-fish no 
trace of it is present. Its position in the salmon is very different, for, as Mr PARKER 
points out, it (his palatine) lies under the eye on each side, and each widely diverges from 
the other, whereas in Anarrhichas these bars are much nearer the trabecul. 

Early in February (about the 10th) the pterygo-quadrate bar appears in Anarrhichas. 
In transverse section it has the form of a small cartilaginous rod in the anterior region of 
the snout (Pl. XXIII. fig. 1), just beneath the outer edge ef the trabecule, which form a 
ridge in section. The bar seems to increase from before backward, and on 16th March the 
trabecular floor has gained so much in breadth, in the mid-region, that it lies on each side 
within the margin of the said floor inferiorly. Behind this, however, the trabeculz form 
a narrow ridge, and the pterygo-quadrate bar passes outward on each side, and assumes 
an ovoid form in the subcutaneous tissue on the roof of the mouth. It is visible at this 
stage as far back as the pituitary body. | 

As development proceeds the anterior end of the trabecule becomes enlarged, and 
extends upwards in the olfactory region. This is distinctly seen on 16th March (PI. 
XXIII. fig. 3). | 

On 6th April, a considerable vertical extension of the trabecule—most conspicuous a 
little behind the tip of the snout--has taken place. In transverse section it presents a 
somewhat hastate outline—broad and bluntly pointed below (with a median notch) con- 
stricted above this, and then slightly dilating upward. The united trabecule do not yet 
come in contact with the rounded anterior ends of the pterygo-quadrate bar, but after 
reduction in depth and assuming the shape of a broad inverted V, they reach the brain, and 
become continuous with a broad bar of cartilage passing upward to the dorsum on each side 
on the inner border of the eye. Beneath the anterior brain-mass are the crucial muscles, 
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and immediately behind the trabeculze assume more of their earlier appearance, but with a 
median septum projecting superiorly. In 7. gurnardus, 5% inch in length, they send out 
a lateral expansion—a pre-orbital horizontal plate, but further forward they continue in 
the usual cylindrical form. Between the rod-like portion, which forms the main part of 
each trabecular element, and the lateral plate, a region devoid of cartilage-cells passes, the 
significance of which is not easily understood. As the ridge-like shape of the septum is by 
and by more marked in Anarrhichas, and as the cartilage diminishes, the median septum 
becomes a fibroid streak. The chief difference in the shape of the ridge-like bar of the 
trabecule is the slightly more bulbous condition of the outer edge in transverse section. 

Before the infundibulum is reached, the trabecule become flat, and then separate, 
the bars in this case sloping from below upward and outward, and between them lies a 
firm plate of hyaline hard tissue, thickest in the middle and bevelled off as it approaches 
the trabecule. In front of the infundibulum a number of muscular bands pass toward 
the eyes in the middle line, and two blood-vessels soon after rest on the floor. At the 
infundibulum the hyaline floor diminishes, and the blood-vessels become more lateral in 
position. Behind the infundibulum the trabeculz widen out and join the basilar plate 
forming the floor of the cranium, where the notochord commences. Thus they do not 
again unite. A further complication occurs about the beginning of May, when two 
slightly converging vertical bars of hyaline ossific tissue appear at the anterior ends of 
the trabeculee—passing upward from the bases of the teeth, one dental sac being, indeed, 
placed between the limbs of the processes. The cartilage at this time is divided into an 
upper and a lower region, the latter again being vertically subdivided. The whole nasal 
region is cartilaginous, and further ossifications at the bases of the teeth are present. A 
plate of the same hyaline tissue appears in the free flap at the side of the mouth, and 
seems to represent the maxillary. 

About the end of March a nasal cartilage develops behind the olfactory sacs, being, in 
fact, a superior process (fronto-nasal) of the trabecule at their anterior ends. A second bar 
of cartilage, the anterior end of the pterygo-quadrate, projects outward in horizontal sections, 
towards the outer angle of the truncated muzzle on each side—at a somewhat lower level: 

The fronto-nasal plate in the post-larval Gadoid, 44 inch in length, is very broad and 
massive, as indeed it is when the fish measures ;5; inch in length, but there now lie on 
each side externally two slender pre-frontal bars. The frontal rudiment appears in the 
young Clupeoid as a plate of cartilage passing transversely over the pineal region, and the 
fronto-nasal process below is flattened and less massive than in the Gadoids. In the 
herring, the frontal rods, passing superiorly between the eyes, broaden out before ter- 
minating over the cerebral lobes. Parietal rudiments appear in the gurnard, ,5; inch 
long, and a sharply pointed hyaline spine, firmly fixed to a horizontal base of the same 


dense tissue, occurs over these paired elements. When 4%; inch long the pre-frontal 


cartilages appear over the eye, outside the sclerotic cup, while below each eye are the 
infraorbital elements. The latter are well developed in the Gadoid ,°; inch in length. 
In Callionymus, } inch long, the suborbital series arise as hyaline scales. In the 
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Gadoid of the size just specified, two hyaline plates pass obliquely on each side of the 
anout—separated by a small interval from the maxillary rods and external to the 
fronto-nasal cartilage. The maxillary elements, which at first are rod-like, become flattened 
at this stage, and may appear, e.g. in Pleuronectes flesus, 5; inch long, as two lateral 
hyaline scales. The parethmoids are more median, and lie as two cartilaginous cylinders 
on each side of the stout ethmoidal (rostral) cartilaginous prominence. Above, the two 
optic cups are well advanced, and are also cartilaginous. Beneath the central para- 
sphenoidal bar in 7. gurnardus, %; inch long, a hyaline plate is formed, possibly the 
vomerine plate. In Labrus, +, inch long, however, is a similar median plate of hyaline 
tissue, but it is superior to the parasphenoid, and lies immediately under the point where 
the optic nerves cross. In the goby, as Poucuer long ago noted, “‘ the maxillary elements 
appear in cartilage, and, when 5°; inch in length, develop a superior crest by a “ kind of 
vegetation ” of the cells (No. 119, p. 298), while further back an outgrowth in the form 
of a horizontal bar probably represents the pterygoid. In transverse section, therefore, 
two bars are present, an upper or pterygoid and a lower or maxillary bar. They have the 
same character, but are somewhat lengthened in a form z% inch in length. 

The mandible of the young wolf-fish, on emerging in January, presents a less advanced 
condition than in the salmon. It forms a short conical process with a high cutaneous 
flap on each side. Though its cartilaginous and muscular elements are partly developed, 
it remains quite motionless, a feature doubtless connected with the widely-open mouth. 
MEcKEL’s cartilage forms on each side a long curved bar, which slightly dilates at the 
anterior end, and terminates in a rounded portion—approaching that of its fellow in the 
middle line. The mandibular cartilage in Callionymus, 4 inch long, is clothed on the 
ventral surface with dense hyaline matter, which thins out on the sides of the mandible. 
Outside the cartilage a separate hyaline scale exists, apparently developed in a deeply 
stained mandibular fold of the integument. In the gurnard, 5, inch long, and in the cod, 
ys inch long, a similar extra-mandibular bar appears. It is very massive in the Gadoid, 
$4 inch in length, as well as very prominent in section, since it and the surrounding tissue 
of the flap stain deeply. An element is seen above MEcKEL’s cartilage in Callionymus, 
4 inch in length, probably the symplectic. Posteriorly in Anarrhichas, the mandible 
gradually dilates, and at the articular region forms a slight hollow for the rounded end of 
the quadrate, the cartilage being continued further back as an angular plate, somewhat 
broadly lanceolate in outline. The quadrate seems to be a narrow bar supported behind 
by the pointed end of the symplectic—continuous with the hyomandibular cartilage. 
Along with other changes, the mandible becomes much lengthened in March. 

At the seventh day in Anarrhichas, little elevations appear in the jaw, and towards the 
end of the month one or two simple conical teeth, similar to those in the salmon, present 
themselves in a line anteriorly. These increase in number, still keeping in linear order 
in April, though the yolk is of considerable size. In the free condition the salmon 
feeds readily in this state, the most abundant form found in the stomach being Cyclops. 
Thus both fresh-water and marine larval fishes feed upon similar food. The teeth 
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increase both in number and size at the sixth week, large recurved teeth appearing on 
the hyoid, while the pharyngeal cartilages are similarly studded. 

- Both wolf-fish and salmon, on hatching, are, however, devoid of teeth; but develop- 
mental changes seem to be more rapid in the latter than in the former, the cartilages appa- 
rently being more actively plastic, and the advanced stage at which exclusion from the egg 
takes place afford greater time for maturity. Thus at the seventh day Mrcxev’s cartilages 
are separated by a cellular band in front, while they are less rounded than in Anarrhichas. 
A short distance behind is a line marking off the articular piece. Four teeth are visible, 
symmetrically placed and developed from the mucous membrane in the usual manner. 
The first presents a glassy coat of ossific matter, forming the point and sides; beneath 
this a narrow layer of dentine occurs, while the centre contains the cellulo-granular 
pulp continuous with the oral mucous membrane. It is placed behind the symphysis, 
and is slightly inclined backward; the second is larger and stronger, with a more decided 
backward curve, while the third is a straight tooth about the size of the first; the fourth 
is similar, but shorter. In the upper jaw are ten teeth; but all that can be said is that 
four lay in proximity to the maxille, two (vomerine ?) intermediate, and two at a greater 
distance. | 

Pleuronectes flesus, when ;5; inch in length, has numerous teeth in both the upper and 
lower jaws. ‘They pierce the oral mucous membrane as acutely pointed hyaline structures ; 
the mandibular cartilage at this time being completely encased in hyaline tissue, and 
sending down from its inner ventral margin a sharp crest of the same hard substance, 
while the teeth occupy a corresponding position on the inner margin superiorly, and have 
their points directed inward. Numerous papille with developing teeth also occur. The 
pharyngeal teeth in the post-larval goby, 34 inch in length, and in Labrus, y', inch long, 
show interesting stages of growth. In the former species, on both the floor and roof of 
the pharynx, the dental sacs are crowded together ; but in Labrus they extend along the 
under surface of the basi-branchial plate, as well as on the pharyngeal floor, Each tooth- 
sac is formed of deep columnar cells, in which the conical tooth is seated on an internal 
cellular pulp or papilla. The tooth is formed as a hard hyaline cap—semilunar in 
transverse section—which becomes more conical, and finally, when very acuminate, pierces 
both the sac and the epithelium of the pharynx. At the tip the tooth is solid, and a 
little below a neck or ring of clear deeply-stained tissue exists, the hollow portion or 
root of the tooth beginning at that point. Some of the teeth appear to be compound, 
and give off one or more denticles from a common papilla enclosed in hyaline tissue ; 
while in other cases separate teeth occur, in such close proximity that three or more may 
be present in a single fold of the pharyngeal epithelium. The teeth may lie deep in the 
pharyngeal wall; indeed, some of these structures in a young post-larval Labrus are 
separated from the pericardial chamber underneath merely by the thin pericardial layer, 
and in this species the subepithelial tissue of the pharynx is in some parts little else 
than a mass of tooth-sacs. In the post-larval gurnard, 5; inch in length, the cartilaginous 
mandible is completely surrounded by hyaline tissue, and in some of the microscopic 
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preparations it appears that this tissue is formed in the perichondrial cellular coat ; indeed, 
near the symphysis the very small deeply stained cells clearly intervene between the 
hyaline deposit and the cartilage itself. The hyaline matter, moreover, does -not in 
transverse section exhibit the same cylindrical form as the mandibular bar; for, though 
rounded on the outer side, it rises into a blade-like ridge on the inner side, while above 
its surface is flattened. 

The maxilla in Salmo presents a different appearance from most of the other cartilages, 
since the cells are indistinct, the markings resembling irregular waves, except at the 
anterior and posterior ends. Between the sixth and seventh weeks the dentary region of 
the mandible shows many teeth, arranged in several rows, the anterior being curved, the 
posterior more or less straight. About thirty teeth occur on the premaxille and maxille. 
The mucous membrane is raised into papilliform elevations, the summit of each bearing 
a tooth. The premaxillary teeth are the largest and strongest.. The otoliths are at 
this stage the only hard and dense structures in the cephalic region, and they are some- 
what spherical, and present the usual radial striations. The posterior otolith in each 
auditory sac is irregular, and shows longitudinal markings and interrupted streaks. The 
cells of the cranial cartilages are, on the whole, more regular and distinct than those of 
other parts. 

Hyoid Arch.—The embryos of the wolf-fish which issued on 17th January presented 
a well-developed hyoid arch. The glosso-hyal region has anteriorly a large cushion of 
mucous tissue. Three cartilaginous elements form a rounded arch within the latter 
(Pl. XXYV. fig. 1), viz., a median (glosso-hyal) and two lateral (hypo-hyal). The cerato- 

hyals abut on the hypo-hyals. In all these the cartilage-cells are smaller than in the salmon. 
_ The cerato-hyals are considerably less than in the salmon, and, indeed, the same may be 
said of the cartilaginous elements in general, and especially of the glosso-hyal. Four 
branchial arches succeed the former, and bear simple though highly glandular papille 
(Pl. XXV. fig. 2). The fifth arch is visible in a specimen on 20th April, as a bar on 
each side in front of the pericardial chamber, and tveth are readily distinguishable on 
1st May. The double rows of branchial pinnz present deep crenations along the sides in 
April, and these form long papille towards the end of the latter month and in May, so that 
each process is feather-like. Hyaline ossific tissue now appears as a superficial coating 
upon the surface of the branchial cartilages. On 21st May the cerato-hyal and other 
cartilages of this region are bordered with a firm layer of the same tissue. The brittle- 
ness of the branchial arches externally shows that this development has made consider- 
able progress, and the ossific investment is still more marked a month later (20th June), 
when it was difficult to make good sections, on account of the brittle character of the 
skeletal bars, or rather of the hyaline ossific tissue clothing them. The ‘ branchial 
papillz at this latter date are richly pinnate. 

The hyoid bar may, as in the gurnard, ,5, inch in length, rapidly lose the form of 
_ a simple rod, and while the mandible is rudely elliptical, the hyoid becomes bilobate in 
_ transverse section, from the presence of deep grooves, and shows two prominent outer 
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ridges and one superior internal ridge. The operculum in the various post-larval forms 
presents no noteworthy points, except in the wrasse, 1’, inch in length, in which a dense 
plate of hyaline tissue appears in the tegumentary flap. 

Vertebral Column.—The first of the permanent skeletal structures in connection with 
the notochord in Anarrhichas, are a pair of cartilaginous bars, which spring from the 
upper side of the perichordal sheath at the sides of the spinal cord. These are developed 
in a streaked, cellular region (mesoblastic) very evident beneath the muscular masses of 
the parts. Each bar springs by a broad base from the notochordal sheath, passing 
upwards to form an investment round the spinal cord. Early in February, a more 
regular arrangement of cells takes place at the base, which is triangular in transverse 
section, and in the investment, passing upward laterally, a transverse disposition of cells 
occurs, forming indeed a cartilaginous bar—the neural arch. The firmness of this buttress 
on each side dorsally, is probably the reason why the unprotected median arch of the 
notochord bends upward in the preparation ; and the precursory thickening at the sides 
inferiorly produces the same result in the ventral arch. At this time there are no 
distinct interspinous cartilages, though there are signs of them dorsally. These structures, 
however, appear in March, and towards the end of that month the neural arches meet 
superiorly over a small canal, which has for some time been visible in the region. 
Posteriorly they also send up dorsal processes—the neural spines. Above the latter is the 
interspinous cartilage; but the two do not touch.* In the beginning of April, a some- 
what conical cartilaginous process appears at a corresponding region in the lower arch, 
but proceeds only a short distance downward above the segmental duct, being larger, 
indeed, in the posterior than in the anterior region of the body. It gradually lengthens 
so as to pass downward and outward over the subnotochordal region in which the artery 
and segmental ducts lie. By the end of April, or early in May, these processes are 
strengthened by a coating of hyaline ossific matter, continuous with that which has 
invaded the notochordal sheath (Pl. XX VI. fig. 3, nes). Instead of collapsing or becoming 
wrinkled in sections, the sheath forms a firm, nearly circular ring. This hyaline and struc- 
tureless ossific matter, like that seen in the premaxillary and clavicular elements, surrounds 
the conical process of cartilage, so that in several sections it forms an isosceles triangle, 
with a long apical process. The two dorsal arches are similarly coated with this matter. 

In post-larval stages of other Teleosteans, considerable variation in the character of 
the elements of the early vertebral arch exists. In Cyclopterus, for instance, the basal 
stumps of the neural arch arise as cartilaginous processes, developed as in Anarrhichas 
within the perichordal sheath, and resting upon the chordal investment. In the young 
cod, § of an inch in length, the neural arch, as in the wolf-fish, appears to spring as a 
hyaline outgrowth from the tubular investment of the notochord, which is formed of the 
same hard tissue. In Cottus scorpius, when only 3 inch long, the notochord exhibits this 


* These probably correspond with BaLrour and ParkEr’s “two bars intervertebrally placed,—two osseous plates on 
the outer side of these, and continuous with the lateral osseous bars of the neural arch. The former give rise to cartila- 
ginous elements above the osseous bridge of the neural arch in the adult.” 
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hyaline coat, having the form of a translucent ring, in transverse section, separated by an 
interval from the inner limiting cells of the chorda itself. The neural arch is imperfect at 
this stage ; but the hemal arch, formed of the same hyaline matter, is complete in,the anal 
and caudal regions. It is remarkable, that in the tail, the elements of the neural arch are 
formed of cartilage, upon which hyaline matter appears as a thin shell; but anteriorly the 
arch is formed by hyaline outgrowths solely. A similar condition is exhibited by Cottus 
quadricornis, when 3%; inch in length, the cartilaginous outgrowths destined to unite as 
the neural arch in the caudal trunk, having at first a plate of hyaline matter deposited on 
the outer surface only. In the post-larval Labrus, 7’, inch long, while the anterior part 
of the spinal cord is protected incompletely by the developing neural arch, consisting of 
hyaline basal stumps, and an independently formed hyaline neural spine, bifurcate below, 
the posterior portion of the cord in the tail is still enclosed merely in the membranous 
chordal sheath, destitute of any more permanent element than the rudimentary neural 
spine, which consists of two approximated plates of hyaline matter, clothing a strand of 
connective-tissue. This strand forms dorsally a knob, which is deeply stained in the 
microscopic preparation, and continues to the base of the dorsal fin (in this species 
characteristically lengthened), where a second pair of hyaline plates are developed, viz., 
the rudiments of the terminal fin-rays. The hemal arch below is complete, and encloses 
what appears to be a mass of cartilage, so that it is really a solid ventral process, below 
which pass the caudal artery and vein. In the caudal fin the same features are seen, but 
the connective-tissue strand which passes down from the hemal arch is clothed by hyaline 
matter, two lengthy plates of which form a large hypural, and upon their outer surfaces 
a diagonally directed muscular band is inserted on each side. Each muscle is attached to 
the corium about the level of the hzemal arch, and passes obliquely downward. 

The cellular external region of the notochord in Anarrhichas is rendered conspicuous 
by the appearance of the definite hyaline ring above mentioned. A similar ossification 
proceeds in the dorsal fin-rays, in fact, they appear to commence as hyaline bars; but 
the interspinous elements seem not to doso. The neural spine is likewise ossified. All 
the structures mentioned have become more ossified at the beginning of May, the hemal 
arches meeting posteriorly to enclose the artery and support the interspinous elements 
of the median ventral fin with its fin-rays. The hzmal arches in the region near the 
caudal become elongated, the posterior pair being also greatly flattened, for the support 
of the caudal rays.* At a still later stage, towards the end of May, the hxemal spines 
have frequently between them a transverse row of cartilage-cells, apparently binding them 
together towards the tip, the evidence of a series of sections showing that amalgamation 
has taken place. The ossified sheath of the notochord is now brittle, and frequently gives 
way under the knife of the microtome. At this stage no special lamelle.leave the 
various ossified structures connected with the vertebral column, as Grassitt shows in 


* The firm hyaline ossification here mentioned is by the process called ectostosis. When surrounding the chorda 
in the wolf-fish, it recalls the unsegmented cartilaginous tube BALFour found round the notochord of Elasmobranchs. 

+ “Lo suiluppo della colonna vertebrale né pesci ossei” (Mem. del dott. Battiste Grassi ; Atti d. R. Accad. dei 
Lincei, seri. 3, vol. xv. pp. 311-337, Taf, i—viii.). 
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the salmon, and it is clear that in all in these parts the ossification is external to the 
cartilage, to which it forms a coating. The dorsal and neural arches present numerous 
cartilage-cells inside the osseous investment, where they spring from the column, but a 
transverse row of large cartilage-cells occurs beyond this, and the whole at the end of 
May is enclosed by a dense hyaline ossific layer. This hyaline sheath can often be cut 
without fracture, so that it contains certain plastic elements. . 

At the latest stage examined (as shown in specimens that survived till nearly the end 
of June), after maceration, the vertebral column is found to consist of rings of firm 
hyaline osseous tissue of considerable thickness, with spaces between the serial vertebre. 
To the dorsal and ventral aspects are attached the neural and hemal arches, which meet 
and give rise to the spine. At the junction of these arches is a groove marked with 
transverse strie—an aspect probably due to the remains, still visible, of the cartilaginous 
elements. A similar translucent region occurs at the base of each pillar of the arch, at 
the vertebral ring, and probably arises from the centre, now wholly removed. A com- 
parison of this with the vertebral column of the young cod, obtained. in tidal creeks in 
the beginning of June, will show how advanced the latter species is. The vertebre of 
the cod are ossified from end to end externally, even more so than is indicated in Grassi’s 
figure of the bleak (op. cit., pl. vii. fig. 8), so as to be separated only by a thin inter- 
vertebral edge, and the notochord is reduced internally to a moniliform band. 

In the newly-hatched salmon, cartilaginous spines, neura- and hzemapophyses, occur 
on each side of the notochord above and beneath. They are fixed to the sheath of the 
notochord, penetrate one-third its depth, and are best marked anteriorly. About the 
sixth week the vertebral column presents a moniliform appearance, the neura- and 
hemapophyses being adherent, but not continuous. Under pressure a tough moniliform 
cellular central portion escapes,—the remnant of the notochord. The column has now a 
distinctly barred appearance from the development of the vertebre, each vertebral bar, 
moreover, bisects the nail-shaped head of the neura- and hemapophyses. These last: 
named elements are exactly opposite each other in the darker portions, and on reaching 
the column the terminal process expands into a nail-like head, having on each side a 
pointed tip, devoid of cartilage-cells. The processes retain nearly the same shape as 
formerly described at a much earlier period. At the present stage, however, the cells are 
smaller and more crowded, and their nuclei are more distinct. At the tips of the larger 
ones, near the tail, the cells are smaller, and more flattened, as well as more densely 
arranged. Grassi* enumerates in the salmon and others four layers from within out- 
ward,—(1) cellular stratum of the notochord, (2) epithelial coat, (3) proper membrane of 
cord, (4) fine elastic amorphous membrane,—which is developed from the surrounding 
embryonic connective-tissue. | 

Ribs.—Little can be said in the way of addition to information already existing as 
to the development of the ribs. They form long bars of finely cellular cartilage, at the 
stage of date—20th June, when the ring of hyaline ossific matter surrounds the notochord, 

* Op. cit. 
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and, as Batrour and PaRKER observe, they are modifications of hzmal processes, as 
indeed had previously been noted, amongst others, by MULLER and GEGENBAUR. 

In the salmon, at the sixth or seventh week, cartilaginous ribs are present, and, show a 
well-formed head articulated to the parapophyses by a broad surface, apparently having 
some elevations on its otherwise straight edge. The attached end is widened and shows 
numerous cells; but distally a single row of cells gives the tip a scalariform appearance. 
In a few instances, the cellular structure was disconnected in the centre of the rib, the 
intervening band consisting solely of a cord of the transparent matrix. The same has 
been noticed by Grassi in a Cyprinoid. 

Brain.—In Anarrhichas, as in most Teleosteans, the chief features in the brain are the 
great size of the mesencephalon, and the depth of the entire brain-mass. Probably con- 
nected with this is the much more marked flexure of the anterior end of the notochord (PI. 
XXIV. fig. 1) in the larval wolf-fish than in the salmon. The fore-brain is shorter in its 
antero-posterior diameter, and presents a comparatively larger area (in transverse section) 
than in the salmon. At the origin of the optic nerves the proportional area of the brain- 
surface is larger, and the breadth of the roof (mid-brain) greater than in the salmon. 

The shape of the brain-mass shows, indeed, great variation in post-larval stages of 
various species. In the cod, +% inch long, it is, like Anarrhichas, rounded and com- 
pact as a whole—the optic lobes in cross-section forming a semicircular mass—almost 
equally composed of an upper layer of white matter, and a lower layer of deeply-stained 
vesicular matter, the line of separation between them passing parallel to the surface of the 
lobes. Posteriorly the roof and floor of each optic lobe thins out very much, In the 
post-larval stage of the gurnard, about ,5, inch in length, the form of the brain is very 
different—the conformation of the cranium being much flatter than in the Gadoid—the 
brain-mass, especially the optic lobes, are markedly depressed and of disproportionate 
superficial extent, and much thickened in the lateral portion: The vesicular and white 
unstained parts form two well-marked strata of about equal thickness, a condition just 
noted in the optic lobes of the Gadoids. As might be anticipated from the form of the 
adult head, the post-larval Callionymus, 4 inch long, shows a brain considerably de- 
pressed, especially in the middle line; but in the herring, when of slightly less size (viz., 
3% inch), the flattened condition is even more remarkable, the optic lobes spreading out 
laterally, and having thus a large superficial area. Hardly less striking is the condition 
of the optic lobes in a form, probably Ammodytes (4 inch long). They are more rounded, 
but, on account of their disproportionately large size, present a superficial surface quite as 
noteworthy as the preceding forms. The deeply-stained vesicular matter forms a much 
thicker stratum than the unstained white layer, and the line of separation is somewhat 
irregular, and does not pass parallel to the superficies of this region of the brain. These 
two layers in the optic lobes of the goby, . inch long, differ still more from the Gadoid 
and other examples mentioned above, the vesicular stratum in transverse section pass- 
ing upward to a median point, and forming a deeply angular mass of great thickness, 
sharply marked off by the sloping line of separation on each side from the thin and 
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dorsally-rounded whit estratum above. The apex of the grey substance in this early 
post-larval stage quite separates the white matter into two masses, and this condition 
is still more marked in a later post-larval stage, the vesicular matter intruding to a 
larger extent in the goby 4} of an inch in length. 

The superior fold of the mid-brain (optic lobes) in Anarrhichas forms from side to 
side a semicircle, and is therefore larger than in the salmon. Moreover, the prolongations 
of this fold on each side towards the cerebellum are longer than in the salmon. The 
adjoining edges of the optic lobes (forming the sulcus longitudinalis superior) are some- 
what regularly and deeply crenated, as if indicating rudimentary convolutions, The 
posterior mesial fold (valvula) of the same region is likewise larger, and it gradually 
widens out posteriorly until it merges in the furrow of the medulla. 

Anteriorly the brain presents two somewhat short cerebral lobes, with a large median 
ventricle, which terminates a little behind the anterior border. In vertical transverse 
section they are seen in Pl, XXIV. fig. 5. 

The lower margin of the cavity of the fore-brain is closed by a thin cellular layer in 
the middle line in front of the optic commissure. A well-marked commissure passes 
between the two lobes a little above the inferior border posteriorly, and the fissure in 
transverse section is thus closed up inferiorly in the region (Pl. XXIV. fig. 5, ac). In the 
section, however, only a portion of the commissure is visible. This may be, as BaLFour 
and PARKER suggest in Lepidosteus, the homologue of the anterior commissure. The 
olfactory nerves (Pl. XXIV. fig. 4, 1) spring from the anterior end of the cerebral lobes, 
and their separation is well shown in the same figure. 

Very soon afterwards the optic fibres from the lower part of the brain cross (without — 
decussation) in the middle line, 

At the end of March the optic nerves are hollow in some, a considerable chamber 
occurring in the centre from the choroidal fissure to the optic commissure. It must be 
stated, however, that in earlier stages this was not always visible, probably because the 
degree of development varied so much. 

While in many post-larval forms, e.g., the goby, when 4} inch in length, the optic 
nerves are solid ; in the gurnard, ,5, inch in length, they exhibit a well-marked longi- 
tudinal fissure shortly before penetrating the sclerotic layer to enter the optic chamber. 
This chamber is even more distinct and capacious in Labrus, y's inch in length, and at the 
point where the nerves pass over each other the lumen is of an irregular form, as its 
walls are much wrinkled, the hollow nerve showing a series of folds, which disappear as 
it passes outward, the walls approaching so as to enclose merely a narrow median slit, and 
this can be traced only to the aperture through which the nerve enters the eye. In 
Callionymus, 4 inch in length, the optic nerves are surrounded by a layer of fibrous 
tissue having a slightly metallic lustre. 

Some further points of difference present themselves in regard to the olfactory nerves 
in certain stages. Thus, after they have separated from thefore-brain in the manner 
described in Anarrhichas, they may pass downward to penetrate the lateral wings of 
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the trabecul, as in the post-larval gurnard, ,°; inch in length, in which species the 
fronto-nasal cartilage is very dense and massive. Through this cartilage the nerve 
goes by a distinct canal—a similar canal, it may be noted, passing along a parallel 
course slightly external to the nerve, and giving transit to an artery. In the cod the 
nerves pass along the floor of the cranium, and, without piercing the anterior trabecular 
outgrowth, reach the olfactory pits. The nasal pits show considerable variation in their 
rate of development, e.g., in a Clupeoid barely 4 inch long, in which a cartilaginous cup 
is already fairly formed beneath the olfactory organ; but in the goby, about 4 inch 
long (44 inch), the walls of the chamber, though very thick and composed of elongated 
radially-arranged sensory cells, have merely a very thin outer membranous support similar 
to the delicate layer lining the pit. In the outer portion of the wall of the organ large 
loosely connected cells appear, forming a distinct prominence, probably indicating the 
transverse bridge, the later development of which in Anarrhichas is described on p. 918. 
The cartilaginous optic cup is well developed in the early post-larval stage of Pleuronectes 
flesus, that is when the young fish measures 5, inch in length. 

Behind the optic commissure in the wolf-fish a strong band of fibres passes from side 
to side along the ventral edge of the brain (Pl. XXIV. fig. 6, fa), forming a broad bridge 
of communication. It disappears about the commencement of the succeeding region. 
The roof of the anterior cerebrum is composed at first of a layer of nerve-cells, which 
becomes thinner as the chamber above the inferior pale median streak becomes larger. 
So thin is it in a line with the anterior commissure (Pl. XXIV. fig. 5) that, if it is no 
better developed in the Ganoids, WILDER would very readily suppose it to be absent. 
There can be no doubt, however, of its presence in the Teleostean embryo, for the spindle- 
shaped cells can be followed upward to each edge, as a diminishing column that runs into 
the thin layer of more flattened cells forming the roof. It is certainly remarkably thin in 
some parts. It rapidly increases in thickness as the thalamencephalon is approached (PI. 
XXIV. fig. 6, and also in Pl. XXIII. figs. 3 and 3a). As in the Ganoids, a transverse 
commissure appears in front of the pineal gland on the roof of the vesicle formed by the 
anterior portion of the thalamencephalon. Posterior to the gland are other bands of 
fibres (Pl. XXIII. fig. 3) crossing over the arch beneath the optic ventricles, and above 
the continuation of the third ventricle. Behind the foregoing is the large posterior 
commissure, which in front commences over the infundibular region, and it increases in 
size when traced backward. 

The optic lobes posteriorly form a conspicuous vesicular region on each side, from the 
- great size of the optic ventricles, and on the floor, in its progress to the median fold, are 
the tori semicirculares (Pl. XXIV. fig. 3), fusiform thickenings very characteristic of the 
region over the commencement of the notochord. The arrangement of these folds in 
Anarrhichas is noteworthy, and differs from the same folds in the salmon whether one, 
thirteen, or forty-five days old, but the nature of the preparations may account partly for 
the divergence. The latter species (salmon) shows a nearly straight section of the floor of 
each optic lobe posteriorly, and the fusiform enlargements and distinctness of the median 
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dorsal folds (valvula cerebelli, fornix of GottscHE, which seem to be present only towards 
the posterior border) are all much more evident in Anarrhichas. Behind this, the 
inner or inferior surface of the outer layer becomes richly folded, while the fusiform 
condition of the lower fold disappears, a nearly straight band taking its place. These 
folds continue until the optic ventricles disappear. In the salmon of the first day there 
are only a few smooth folds on the under surface of the roof of these lobes. 

In the region of the pituitary body in Anarrhichas, the trabecule are more elongated 
and more obliquely situated than in the salmon, where they are also more widely separated. 
The pituitary body is perhaps less flattened from above downward than in the salmon, 
but in both forms it has the same structure, viz., aggregated nucleated cells (Pl. XXIV. 
figs. 1 and 2). A band, apparently of connective-tissue, proceeds from the under surface 
of the brain to the pituitary body, and this band is in the main fibrous; while in the 
salmon it is composed of connective-tissue cells, the nuclei of which stain very deeply. 
A layer of connective-tissue separates it from the infundibulum. 

In each of these forms the pineal gland—both as to position and histological 
structure—is the same, but the pale commissural fibres passing to the upper region of 
the mid-brain are proportionally larger in Anarrhichas, and therefore can be traced 
further into its substance (Pl. XXIV. fig. 1, pf). The central aperture of the thalamen- 
cephalon in front of the pineal gland is more capacious and better defined than in the 
young salmon, and it rapidly assumes large dimensions, and opens into the third ventricle 
inferiorly (Pl. XXIII. fig. 5, and Pl. XXIV. fig. 2). The ventricles of the optic lobes 
appear superiorly at the side, asin Anarrhichas, and the two rapidly merge into one 
chamber. The separation of the infundibulum from the peduncular region is more 
distinct, the connective-tissue being very apparent; but the arrangement of the parts is 
similar to that in the wolf-fish, though the infundibular cells are larger. 

The complexity of the brain, especially in regard to minute structure, augments as the 
larva increases with age. Thus, in the middle of March the radiate fibres of the mid- 
brain (optic thalami) to the optic lobes are largely developed, and the thicker cortical 
region is more clearly differentiated from the inner layers. Moreover, it is evident 
that the tori semicirculares posteriorly are now encroached upon by commissural fibres 
passing to the roof. 

A distinct and broad commissure appears in front of the pineal body, and is continued 
behind it, the posterior band being very evident, so that it may even be regarded as 
separate. Horizontal sections do not, however, sufficiently aid in deciding this point. 
Next, from before backward, is the commissure of the optic nerves inferiorly and in the 
neighbourhood of the infundibulum. Lastly, are other transverse bands which will be 
subsequently mentioned. 

Somewhat later a differentiation appears in the: centre of the peduncular region, in 
the form of a rounded area with a cellular margin (Pl. XXIII. fig. 6); the vesicle in 
front and beneath the pineal gland becomes more or less obliterated; and the optic 
ventricles posteriorly show a diminished lumen on each side, for the fibres passing to the 
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outer border of the fusiform tori semicirculares, and in part through them, considerably 
encroach on the cavity and bind the roof more closely down. On 20th June a more 
distinct differentiation of the anterior ends of the fore-brain into anterior cerebral and 
olfactory lobes (Pl. XXIV. fig. 4) is noted, and the area behind is more complex, cells 
being developed chiefly on the upper and inner edges, that is, on the sides of the median 
ventricle as seen in transverse sections. The median arch or roof of the fore-brain is 
considerably narrowed in front by the great increase in the nerve-mass at each side, so 
that a mere chink remains. On each side of the central fissure superiorly the margin 
of cylindrical cells trends upwards, and ends in a point, then bending outwards, 
leaves an acuminate projection in transverse section. Externally the arch is com- 
pleted by a layer of tissue containing pigment—continuous with the “pia mater,” and 
internally by another layer, similar in structure, and therefore differing in appearance 
from nerve-tissue proper. This indifferent tissue is probably the anterior boundary of a 
chamber or vesicle which immediately appears in the median line in front of the pineal 
gland, and is possibly homologous with that described by BaLrour and Parker * in the 
roof of the thalamencephalon in Lepidosteus. The vesicle is preceded by a double papilli- 
form process of the roof, which apparently soon coalesces inferiorly to form the vesicle. 
The entire process is formed of nerve-cells, and when the vesicle is fully developed, these 
present in transverse section a somewhat columnar arrangement, and the wall is sym- 
metrically folded superiorly. The band of nerve-tissue forms the floor of the vesicle or 
chamber just mentioned and the roof of the ventricle, for the anterior lobes present a 
peculiar layer of large nucleated cells under the columnar series lining the thalamencephalic 
chamber. This is especially noticeable in the line of the section shown (under a low power) 
in Pl. XXIII. fig. 3a. The walls of the vesicle are quite distinct from the optic thalami 
at the sides, but gradually (as we proceed backward) they merge laterally into the optic 
thalami, then the roof becomes a mere bridge between them,.each end being thoroughly 
incorporated with their tissue; while the floor, assuming a doubly fusiform shape (2.e., 
thinner in the middle and at each end), soon disappears. In the drawing (Pl. XXIII. 
fig. 3) the separated ends of this floor are seen—the knife having probably caused 
rupture. When it (the vesicle) first appears in section comparatively little brain tissue 
lies externally and very little inferiorly, while superiorly only the thin roof of the 
vesicle occurs under the pia mater. Proceeding backward the nerve-substance (optic 
thalami) at the sides becomes massive, and the vesicular space enlarges in the median 
line. Moreover, a papilliform process (pineal gland) makes its appearance in the centre 
over the roof of the chamber. A succeeding section (Pl. XXIII. fig. 5, possibly 
somewhat oblique) is instructive, showiny the tapering points of the mid-brain touching in 
the middle line, the cellular pineal body appearing immediately beneath, while along the 
roof of the thalamencephalic chamber a commissure connects the central pale fibrous 

region of the commencing optic thalami on each side. An unusual development of 
connective tissue (neuroglia) could only be confounded with this connecting band, and 

* Phil, Trans., 1882, pt. ii. p. 376. 
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there seems no reason to alter the view just mentioned.* Moreover, this commissural 
band of fibres is observed in several succeeding sections as it spreads over the roof of the 
ventricle between the optic thalami, the sides of the chamber being now solid masses 
of nerve-tissue (optic thalami). This section further indicates the opening of the 
thalamencephalic vesicle or chamber into the common (or third) ventricle, extending to 
- the anterior lobes in front and the optic thalami in the region under consideration. 
In the next section a cellular band proceeds in the median line of the roof towards the 
margin of the arch, apparently the remnant of the pineal gland formerly mentioned, a 
few of the commissural fibres being still visible beneath. Just behind, the median parts 
of the lobes of the mid-brain become broader, and are separated inferiorly from the central 
process ; moreover, fibres pass between them and through the median process, forming a 
distinct commissure. A space lies on each side of the latter inferiorly, the roof being formed 
by the lobes, the floor by a more or less fibrous band on each side connected with the 
median process between the lobes (Pl. XXIII. fig. 5). An indication of a space, possibly 
due to the mode of preparation, occurs below the latter band, viz., at the poimt marked 
sp. on Pl. XXIII. fig. 5, and then the cells forming the lining of the great central ventricle 
in the thalami occur. As the commissural fibres last spoken of diminish, the central 
body becomes more clearly differentiated from the edges of the lobes of the mid-brain, so 
that it is somewhat awl-shaped, narrower above, where it joins the lobes in the middle 
line, dilating in the free middle region, and again narrowing at its attachment to the 
roof of the inferior region of the mid-brain. In structure this median region is cellular. 
In the next section it is bell-shaped, the handle of the bell being superior. The cells are 
also symmetrically arranged, viz., a thick layer of large cells externally along the margin 
of the bell, and a broad median band of large cells. The latter arrangement, which is 
broadest inferiorly, may indicate a double process (7.e., the coalescence of a structure 
originally double). The sides of the structure become continuous inferiorly with the floor 
of the mid-brain (optic thalami), and its base rests on the commissure (with the probably 
artificial aperture), for separation of the two strands might easily occur in the lax tissue 
(neuroglia). This separation of the commissure into two layers is a marked feature, and 
cells occur between them as they debouch into the thalami (Pl. XXIII. fig. 5). 
Posteriorly the median process becomes more cylindrical, narrows inferiorly, then hangs 
like a leaf-shaped structure from its stalk between the optic lobes, its double nature being 
shown by its pale central region on each side and the two rows of median cells. It 
diminishes to a mere papilla and then disappears. 

The commissural fibres between the optic thalami (in the larva of 20th June) appear in 
transverse section along with the pineal gland; they are thus in the same plane, and not in 
front of it, as in the Elasmobranchs, and at first they have a median cellular mass, which 
is torn in the preparation studied—causing the cavity before mentioned. The pineal 
gland lies above the fibres, and below them is the fissure of the mid-brain continuous with 
the Aqueductus Sylvii. The fibres are thickest towards the posterior part of the gland. 


* What connection this commissural band may afterwards have with the pineal gland is uncertain. 
VOL. XXXV. PART III. (NO. 19). 7 A 
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The commissure on the roof of the lower division of the mid-brain (thalami) forms a 
uniform deep band after this, and then it ceases, so as to open up the whole central region 
into a single chamber (common ventricle). 

In longitudinal sections the roof of the thalamencephalon shows a large fold of cells 
(tela choroidea) in front of the pineal gland. The latter is cellular (on 1st May), and is 
connected by strands of fibres at its base with the centre of the optic thalamus, the 
direction of the fibres being generally downward and backward. 

At this stage the posterior region of the fore-brain is protected externally by a special 
plate of cartilage, which stretches over and extends for some distance down each side, 
passing over the anterior end of the optic lobes. The black pigment lies beneath it, while 
externally is a hyaline ossific stratum. In transverse sections a deep dimple is usually 
present over the pineal gland. The next feature of note is the formation of the optic 
commissure. ‘This is produced by a great band of fibres arising at the upper border of 
the thalamus, and apparently continuous with the optic lobes above. This massive band 
passes down on each side of the central region of the thalamus and the fibres simply 
eross each other beneath. A streak in the centre of the band inferiorly is probably the 
lumen of the nerve-trunk, and it can be traced to the choroidal fissure. The succeeding 
sections show oblique bundles of longitudinal fibres on each side of the central region 
inferiorly. These are isolated by the vertical bands, some of which form a commissure 
beneath the central chamber of the thalamus. In the line of the great transverse com- 
missure, just behind the pineal gland and at the upper part of the thalamus, a circular 
region appears in the centre of the lateral mass of the organ superiorly, which increases 
in size as it proceeds backward. Its outer (cellular) region stains deeply, and in the 
preparation it has separated from the surrounding tissue. Vertical bands of fibres pass 
across each region in front of the pituitary body. Shortly after the latter appears they 
diminish in size, and, keeping at the upper part of the infundibulum, disappear before 
the pituitary slices do. By the differentiation posteriorly of the upper region into 
crura cerebri, these rounded bodies are placed in transverse section at the upper part of 
the infundibulum. The lateral fissures from the infundibulum appear before the 
former cellular differentiations cease, and they by and by attain a larger size than the 
central one, apparently from constriction of the latter. This arrangement indicates 
a possible homology with the trifid infundibulum of the Elasmobranchs, and the so- 
called lobi inferiores are thus apparently closely connected with the infundibular 
apparatus. The central fissure of the infundibulum has a very definite contour, and, 
inferiorly, it leads to the pituitary body, above which a lozenge-shaped dilatation occurs, 
the margin of the aperture being directly continuous with the hypophysis, the centre 
of which is dimpled superiorly by the tip of the lozenge-shaped space. By and by 
(proceeding backward) this central infundibular aperture becomes trifid by the protru- 
sion of lateral diverticula, each forming a separate pouch after the connection with the 
_ pituitary body is broken. These diverticula soon disappear and the central aperture 
becomes very small, and at the same time its walls are folded and defined by cylindrical 
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cells. The folds then increase in complexity, so that in transverse section the 
contour much resembles the uneven outline of the mucous coat of an alimentary organ 


(Pl. XXIII. fig. 4), though the folds are less elaborate than those shown by Srizpa 


in the turbot.* Meanwhile the two lateral apertures in the lobi inferiores have 
descended, so that the inner or infero-median wall touches the folded central chamber. 
Their central area contains cells in a streaked matrix of protoplasm or coagulable sub- 
stance. The folded mid-region is somewhat triangular in outline, and continues to 
increase in size, while the lateral apertures gradually diminish, for the cells soon cover 
the entire area. After the disappearance of the lateral apertures, the infundibulum 
becomes more elongated transversely, so as to resemble ultimately a transverse bar, and 
then it disappears. 

About the region of the splitting of the infundibular tissue, and before the crura 
separate therefrom, the cerebellum appears under the median folds of the optic lobes. 
It has dorsally the aforesaid lobes, and ventrally the fourth ventricle. 

The organ is marked dorsally and ventrally by a median depression, so that from 
the first it is bi-lobed, and this condition is soon better marked by the occurrence of a 
median fissure. It diminishes and disappears posteriorly above the point where the 
pharyngeal teeth occur in the section. 

When the tip of the cerebellum (valvula) first appears in transverse section below 
the tecti lobi optici, the massive area beneath has the two cellular differentiations just 
below the middle, and the trifid fissure of the infundibulum inferiorly. An intimate 
decussation of fibres takes place in the lower half, transversely as well as vertically 
(Pl. XXIII. fig. 6), in the larval fish of 20th June, while the upper half is split by a 
median furrow, the edges of which, however, are closely attached. Then signs of 
separation occur between the upper and the lower divisions, a mass of strong transverse 
fibres passing below the former, and curving upwards at the sides externally. They close 
the median furrow superiorly, having beneath them in the same region a mass of grey 
matter. These commissural fibres increase in bulk as we proceed posteriorly, only a 
median notch existing in the floor above. This coutinues backward to the medullary 
region. 

Shortly after the anterior fold (valvula) of the cerebellum has become distinctly 
double, a strong band of transverse fibres passes over the roof of the ventricle to the 
lateral regions. They proceed on each side to the region of the tori, spreading out into 
the grey matter. After an interval, in which a change in the vault has occurred, for 
the tecti lobi optici have now become lateral in the sections, while the median line is 
occupied by the cerebellum and valvula, another strong band of fibres passes across the 
same region, the direction in the lateral region being chiefly downwards. 

In the cerebellum behind this, various curved fibres cross and vertical bands course 
from above downward. Towards the termination of the organ a median fissure occurs. 
Moreover, a bridge of nerve-tissue is thrown over the floor of the ventricle from side to 

* Zeitsch. f. w. Zool., Ba. xviii. p. 44, Taf. ii. f. 30. 
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side, and probably represents the commissure between the lobi posteriores, though these 
are not conspicuous. 

The median fissure of the medulla is at first dorsal and very large, but as the organ 
diminishes it assumes a lower as well as more central position, and becomes much 
smaller. | 

Spinal Cord and Lateral Line.—In the extreme caudal region the posterior (dorsal) 
fissure of the cord, especially well seen in the wrasse, 4, inch long, is reduced to a mere 
central canal, circular in transverse section, and surrounded by vesicular matter; indeed ' 
the white matter almost wholly ceases, and the column continues to its termination as a 
ganglionic tube, whose diameter is about one-quarter that of the notochord. This predo- 
minance of the grey matter in the hind part of the spinal cord is a character familiar in 
higher forms. | 

About the level of the notochord in the cod, 2 inch in length, a canal internal to the 
corium passes along the outer edge of the septum, dividing the two median lateral 
muscular masses in the caudal trunk. It is of small diameter, though very distinctly 
marked on account of the presence of a sheath of black pigment, which continues into the 
intermuscular septa, and indicates the course of the delicate nervous strand connecting the 
canal, no doubt, with the spinal cord. Such connection cannot, however, be clearly made 
out, as the pigment passes only a short distance inward towards the cord. It is to be noted 
that the spinal cord has similar dark pigment in its protective tunic. The preparations 
do not show serial openings to the exterior at this stage, and the lumen of the canal is 
filled with loosely aggregated deeply-stained cells. In Labrus, ,% inch long, a canal 
cannot be made out in the caudal trunk; but an aggregation of cells occurs beneath the 
integument, on a level with the lower border of the vertebral column. They lie below the 
pigment-layer of the skin, which stains deeply, and show evidence of nervous connection 
with the spinal cord. The cells are large and folded, their walls being pushed in—in the 
form of a figure 8. No lumen in this instance can be discerned. 

Ear.—tThe general form of the ear of the wolf-fish on hatching is shown on Pl. XX. 
figs. 2 and 4, and on Pl. XXI. figs. 1 and 4. Cartilage develops much more rapidly in 
the salmon than in the wolf-fish in the otocystic region. Thus, in cutting the ear, 
both anteriorly and posteriorly, several sections show a complete investment of cartilage 
in the salmon; whereas at a similar stage in the wolf-fish the thin cartilaginous floor goes 
only a short distance upward externally, and at no part is a ring of cartilage completely 
formed. The inner margin of the cartilaginous floor of the ear bends downward 
posteriorly, and continues into the parachordals, which lie on each side of the notochord. 
Shortly behind this it also joins the hyomandibular cartilage, passing towards the middle 
line and disappearing. The general arrangement of the ear is similar in both species, 
though at no period does the inner border of the capsule pass so near the middle line in 
the wolf-fish as in the salmon. This is clearly seen in the neighbourhood of the noto- 
chord, The structure of the nervous cushions and their auditory cilia or stiff protoplasmic 
processes in the anterior and posterior chambers present no feature of note. 


| 
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The properties of the fluid of the chambers are quite adequate for the development 
of the otoliths toward the internal wall. It is sufficient to point to the growth of the 
Nemertean stylets to prove how perfectly such organs can be produced in successive 
generations of the species. 

On 20th February a considerable increase in the otocystic cartilage of the wolf-fish 
had taken place. From before backward this is marked superiorly by an increase in the 
cartilage behind and above the eye, and inferiorly by a thickening of the bar behind. 
The great development of the cartilage of the basilar plate around the anterior end of the 
notochord gives this inferior bar a more distinctly horizontal position, one of its chief 
flexures being caused, indeed, by the carotid. 

On 16th March the cartilaginous mass anteriorly and superiorly has increased so much 
that it presents a complete ring in section, and thus somewhat further back the cartila- 
ginous boundary is complete externally, while internally it ends abruptly opposite the 
lower border of the optic lobe. It then sinks downward and presents a large perforated 
median prominence below the ganglionic mass of the fifth, by which the auditory 
nerve passes into the cavity. The latter contains large ganglion-cells and hyaline 
coagulable lymph. After this swelling the cartilage diminishes internally, and ends on 
each side of a median mass of connective tissue below the infundibulum. Beneath its 
termination is a space and then an artery and vein (carotid and jugular). The pointed end 
of the notochord begins above this median band of connective tissue. By and by the car- 
tilaginous floor, now somewhat thin, glides in towards the notochord, and almost coalesces 
superiorly. At this part it forms a thin wall externally, and ends in a thickened region 
about half-way up, and the latter increases from before backward over the posterior semi- 
circular canal, until a complete ring is formed round it, only a slender bar connecting the 
latter inferiorly with the somewhat thickened end at the notochord. The contrast also 
between the massive inner wall of the canal and the thin outer wall is marked. Then 
(proceeding backward) the ring is broken internally, and only a slender line externally 
connects the thickened superior loop with the thin horizontal bar leading to the noto- 
chord. The superior mass diminishes and disappears, and the outer part of the horizontal 
bar becomes disconnected from the denser region at the side of the notochord, the poste- 
rior boundary of the ear being formed by a thickened mass of cartilage joined to the arch 
over the spinal cord, and again forming a ring, as in front, before terminating. 

A month later considerable change had occurred in the otocyst—the chief feature 
being the diminution of the cartilage, which is now covered by a layer of hyaline ossific 
tissue, running from the notochord over the floor, and along the thin layer of cartilage 
externally, but the thickened mass to which the hyomandibular is joined does not show 
it distinctly. As soon as the bar becomes nearly horizontal (sloping a little upward and 
outward from the cord), this hyaline coat extends from the cord to the upper and outer 
border of the ear. The three semicircular canals seem to be similar to those in the previous 
stage, but the ganglionic aperture in the floor anteriorly is less distinct, and the ganglion 
lies more completely in it. The head of the hyomandibular is rounded, and the cartila- 
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ginous support of the ear is thinner and more shapely. Membranous lamelle divide the 
ear into the three spaces; the external chamber is covered by cartilage, and the 
posterior follows in the same manner as before. The large otolith lies at the inner and 
inferior angle near the notochord. 

A month subsequently the most noteworthy alteration is an increase in the amount 
and brittleness of the hyaline coating on the cartilage, and the same may be said for the 
succeeding month (June), fracture of the supporting skeleton of the ear frequently taking 
place in sections. The cartilage has diminished as a whole, its cells have become finer, 
and the brittle hyaline layer has increased in bulk. One of the most brittle regions is the 
inferior wall of the cavity lying to the inner border of the hyomandibular articulation. 

Olfactory Organ.—The chief point examined in connection with this organ was the 
formation of the two nasal apertures. In the earlier stages the single nasal slit assumed 
a vertical position, and at the beginning of April was of large dimensions, About the 
6th of the latter month a slight promontory was noticed in the middle of each lip of the 
fissure, and in ten days the promontories had met so as to make an aperture on each side. 
Each aperture on the 1st May was surrounded by an elevated rim, and the bridge had 
now become broad. At first the nasal slits lie in a hollow between the eyes, but at the 
latter date the snout projects further forward. The usual irregularities were observed in 
a series of specimens, some having the single slit on 21st May and with a considerable 
yolk-sac, others with the apertures fully formed—as just described. 

In Pleuronectes flesus, +; inch in length, the olfactory lobes are somewhat distant from 
the terminal sac, and the olfactory nerves pursue a course, parallel to each other, between 
the posterior process of the rostral cartilage and the trabecule. On the floor of the 
- cranium the two nerves rest upon a loose connective meshwork, and further back they 
_ bend inward, to unite with the olfactory lobes at the point where the superior and inferior 
_ oblique muscles of the eye have their origin on the cornu trabecule. 

A promontory on each lip of the nasal aperture has been already described in the 
goby, 44 inch long, large loosely aggregated cells forming an outgrowth from the radially 
disposed cells of the olfactory epithelium (see p. 910). In the post-larval wrasse, ,', 
inch in length, the transverse septum is complete, and the anterior and posterior nares 
are now distinctly separated. 3 

Sensory Organs in the Snout.—Remarkable sensory organs occur on the snout of 
the embryonic haddock (Pl. XXI. fig. 7), and are developed on the maxillary 
and mandibular elements in the _ post-larval gurnard. When the latter has 
reached the length of ,°; of an inch, sections of the maxillary bar show organs like the 
sensory cushions in the otocyst or the papillz along the dorsal and lateral surfaces of the 
trunk. The maxilla in section has the form of a flattened plate of hard hyaline tissue 
placed obliquely. This oblique bar gives off an upper arch, which bends over to meet a 
short crest sent up from the ventral margin of the bar. A rude tube, very angular in 
transverse section, is thus formed, but its outer wall is completed only at intervals. In 
the tube are seated certain sacs, on one side of which a cushion of columnar epithelium 
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is placed. Sensory hairs appear to occur on the surface of this cushion. Similar sensory 
organs also occur in a tube hollowed out in the mandibular cartilage. These sensory 
organs communicate with the exterior, since the tube in which each is placed is in its 
posterior part incomplete below, and the columnar epithelium on the roof of the cavity is 
directly exposed to the surrounding medium and to stimuli from the outside. 

Alimentary System.—The mouth in the larval Anarrhichas presents a different 
shape from that of the salmon, and on emergence from the egg it is moreover widely 
open, forming a lozenge-shaped aperture when viewed from the front, and its border is 
rigid and motionless. Its upper angle (the premaxillary elements) is considerably elevated 
dorsally, and is depressed between the very large eyes. In this form and in the salmon a 
peculiar flapping of a process is observed in respiration, and in sections of both species an 
extension of the mucous membrane of the mouth hangs down and projects inward from 
the jaws on each side of the trabecule (Pl. XXIII. fig. 3, fm). This membrane forms a 
complete floor in front, but posteriorly it runs into lateral flaps, which become continuous 
with the mandibular articular process. In Anarrhichas the smooth fold of this flap poste- 
riorly, as its free tip bends in to join the upper surface, indicates a definite differentiation. 
In the young salmon the membranous process waves synchronously with the movement 
of the mandible. The anterior margin of the mouth, in transverse section, forms at first 
a well-marked groove with the lumen of a vessel in each mandibular elevation. It is to the 
latter that the soft tissues of the mandible are soon attached. The mucous lining of the 
roof of the mouth, from the point of junction of the mandible, is comparatively thin, 
the cells being chiefly of the tesselated variety. 

In Cottus, 3 inch long, the oral mucous membrane shows large glandular cells, spher- 
ical in form, and disposed along the numerous rugze which are better developed in 
Callionymus. In this last-named species, when } inch in length, the mucous layer is very 
thick and the rugee most marked. A great increase of glandular epithelium may occur in 
the lining of the branchial region, and in Labrus, 4’, inch long, it forms a layer of some 
thickness at the upper angle of the opercular flap. The mucous coat becomes thicker, 
and shows columnar cells in Anarrhichas, when the notochord appears in section, and 
the submucous connective tissue increases in volume, so that the internal lining is readily 
thrown into frills. Outside the sub-mucous coat is a layer of circular muscular fibres. 
The frills of the mucous membrane are rendered more prominent by the grasp of the 
increasing circular coat, and the canal is diminished in calibre, so that it forms a com- 
paratively small tube (Pl. XXVII. fig. 6). The columnar and finely granular epithelial 
lining also has considerably increased in thickness. 

In the post-larval Gadoid, & inch in length, the general structure of the cesophageal 
wall is similar, but the grooves in the roof of the pharynx are deep—two ridges projecting 
very prominently—while on the floor three or more ridges occur. The epithelial coat 
passes into the grooves, and is very largely developed—the bulky mucous cells resting 
upon a loose meshwork of connective tissue, with apparently some longitudinal muscular 
elements. A little further back glands become more abundant, and an outer tunic of 
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circular fibres appears. This portion of the alimentary canal lies in a spacious recess in the 
liver, and two lateral hepatic masses abut upon, but do not actually arch over it. In the 
post-larval wrasse a similar relation of the canal and the liver is noted. The prominent 
wrinkles of the gut in Anarrhichas disappear about the region of the pectoral fins, the 
canal forming a rounded thick-walled tube with one or two triangular folds. After passing 
the yolk-sac the canal is larger than in front, and transversely elongated in section, the 
mesenterial band fixing it to the roof of the abdominal cavity, though it is free elsewhere. 
Its contour is, however, broken superiorly by the wall of the large portal vessel. A com- 
paratively smooth portion of the gut follows, but folds again make their appearance, in 
the form of five or six prominent rugz in section. The mesentery dorsally is thickened, 
and is almost divided into two portions by a constriction—an upper rounded band, and 
a lower—which is thinned off superiorly. The rugee now diminish, the mesentery disappears, 
and the urinary vesicle takes its place, while the anus opens externally. Proceeding 
backward, the epithelium of the gut is found to become finer and larger ; indeed, in section, 
posteriorly, it resembles that so characteristic of the alimentary wall in the Annelida; 
then the folds reappear towards the rectum, and show a somewhat radial striation. 

The alimentary canal in the young salmon differs considerably from the foregoing in 
the region just behind the branchiz, since it forms a lax tube in transverse section, with 
thin walls greatly flattened from above downward. The wall increases in thickness in 
the region of the pectoral fins, and the circular coat assumes larger dimensions, so that 
the canal is less flattened. It is comparatively small for the size of the fish, the lumen 
being really smaller than that of the aorta. Towards the posterior part of the pectorals 
the gut is even less than in front of them. The epithelial (mucous) layer then begins 
to increase, and a folded condition of the gut causes two layers to appear in transverse 
section, a smaller superior and a larger inferior. In front of the liver the small calibre of 
the epithelial coat is in contrast with the thick circular (glandular) layer outside. 
In the hepatic region the lumen of the gut greatly enlarges, though it is still proportionally 
less than in the wolf-fish. Behind the liver it slightly diminishes in diameter, and again 
somewhat enlarges, before assuming the rounded condition characteristic of the rectum, 
the calibre of which is also smaller. The folds of the gut are much less prominent than 
in the wolf-fish ; and the inner surface of the large cylindrical cellular layer of the rectum 
is almost smooth. Some of these features, however, may partly be due to the state of the — 
preparations. In the newly-hatched and living salmon, again, the alimentary canal appears 
between the yolk-sac and the anus as a greenish band. About the tenth day distinct 
transverse markings are observed in the tract, two especially conspicuous above the origin 
of the ventral fin, Between the fourth and fifth weeks, the functional activity of the 
alimentary canal is considerable, and numerous feecal masses occur in the rectum. The 
teeth are now evident in both upper and lower jaws. A little later food of various kinds 
is found in the stomach and intestine. The pyloric ceca on the nineteenth day form mere 
conical elevations on the duodenum, and have the aspect of short papille of a cellulo- 
granular nature. It is remarkable that the pancreas (assuming the ceca to represent it) 
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should have an origin so different in the higher animals. However, the condition of 
that organ in the sturgeon, tunny, and other forms would lend colour to such a view, 
even with the knowledge of the special rudiment in such forms as Salmo, Perca, and 
Platessa. 

Towards the end of February, and later, many of the larval wolf-fishes showed a 
whitish streak in the interior of the intestine. It was uniformly opaque white, and 
apparently consisted of nutrient matter. In section this mass presented a series of 
peculiar crystalline and probably fatty bodies. 

The changes which take place in the structure of the digestive tract in Anarrhichas 
are noteworthy, and consist chiefly of the differentiation of the elements of the mucous 
lining, the increase of the circular and longitudinal muscular fibres, and the greater 
complexity of the folds of the walls, chiefly internally, but also externally. In the stage 


just described (17th January) the stomachal part of the canal has attained little develop- | 


ment, and its mucous coat shows only a few frills of finely granular epithelium. As 
development. proceeds, however, the cesophageal region of the canal is thrown into a 
complex series of frills, and the mucous lining is supplied with large globular glands. 
In the oldest stage (20th June) the folds of the cesophageal region are more complex 
than in the earlier stages, many of them being subdivided, and the longitudinal fibres 


(inside the circular) are more distinct dorsally and ventrally. The glands are arranged | 


as a close and somewhat regular series of globular bodies along the inner surface of the 
folds (Pl. XXVII. fig. 5). Proceeding backward the complexity of the folds increases, 
while the canal becomes rounder, the lamelle being pinnate in transverse section, from 


the number of the secondary folds. The globular glands now cease in the walls of the | 


folded ridges, and an alteration occurs in the appearance of the latter, which assume a more 
or less circular condition in section, and in their wide bases are a series of large circular 
areole,* probably glandular (dre, Pl. XXVII. fig. 4), the inner wall of the gut over 
these being composed of closely-set cylindrical epithelial cells. These globular spaces 
also occur under the wall, where there are no lamelle. The calibre of the canal 
becomes smaller and the lamelle thicker, a few secondary processes or folds appear- 
ing on their surface. The latter has fine columnar epithelium, and the  sub- 
mucous tissue is composed of granular glands, probably modifications of the large areolz 
in front. These lamellae become more distinctly pinnate before ceasing at the pylorus. 
The wall of the canal is highly muscular, the fibres forming a complexly interwoven layer 
externally. The next region of the canal to be distinguished is that behind the valvular 
folds of the former, and it is characterised by its thinner muscular walls, and the change 
in its glandular lining, for the numerous simple folds around its walls have coarser and 
more lax epithelium than the foregoing. Externally is a peritoneal investment (with 
probably a few muscular fibres), then longitudinal fibres grasped between the outer and 
the next layer, with, finally, an internal circular layer of fibres. 


Posteriorly, the gut diminishes in calibre, and by and by the folds chiefly affect the | 


* These areole in the sketch are perhaps too conspicuously cellular. 
VOL. XXXV. PART III. (NO. 19). 7 8B 
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upper wall. Certain parts of the rectum, on the other hand, are most complexly folded 
(Pl. XXV. figs. 3, 4, 5, and 7), only a central area in the sections being devoid of rugze. 
The folds continue until the external aperture is reached (fig. 5). 

In the embryo of the salmon, forty days after fertilisation, the alimentary canal ; is 
closed in the cardiac region, and remains of small calibre throughout the rest of its 
extent; indeed, at the commencement of the segmental ducts, it is less in section than the 
notochord, and is very little larger than one of the segmental ducts. When thirteen days 
old, the alimentary canal in the region of the heart is more or less median in position, 
and presents two lateral slits. It then opens out, and again contracts to a small tube 
less than the girth of the notochord in the region of the liver, its epithelial coat forming 
a simple lining, without ruge. The tube, for the most part, remains simple to the 
posterior termination. 

The young salmon, forty-five days old, artificially reared, has its cesophageal region 
less developed as regards size, and the mucous ruge internally. The globular glands, 
however, have a similar arrangement, though they are proportionally larger. The 
basement-tissue is coarsely granular. The circular muscular coat is strongly developed. 
The canal is peculiar on account of the rapid narrowing that takes place, and the dis- 
appearance of the globular glands, the section of the entire canal in this region being 
only a little larger than that of the notochord. 

In the Gadoids and Pleuronectids the structure of the alimentary canal agrees in the 
main with the features seen in Anarrhichas—the csophageal portion, of small calibre, 
having thick walls with complex internal ridges, while posteriorly the walls become 
thinner and saccular, the internal ridges much less prominent, and the diameter of the 
canal greatly increased. In Callionymus, 4 inch long, the mucous membrane of the oral 
cavity rises into very thick prominences or longitudinal folds, which are richly glandular. 

Suwim-Bladder.—In many post-larval fishes the swim-bladder retains, until a com- 
paratively late stage, its embryonic character as a sac lined by a thick layer of large soft 
epithelial cells, often so well developed anteriorly as to reduce the lumen of the organ to 


_ that of a narrow tube. In the cod, 3% inch in length, this is the condition, and the 


anterior portion is traversed by a large hemal trunk. The capacity of the bladder at a 
later stage enormously increases, and when the young Gadoid reaches the length of 
inch, this structure has thin membranous walls with a layer of thickened epithelium 
only on the inner surface. In the post-larval Clupeoid, +4; inch long, it is large, and has 
a similar structure to that just described in the Gadoid, with, however, a less marked 
development of the epithelial coat. The epithelium of the inner surface in Callionymus, 
} inch in length, rises into thick massive folds ; but the most remarkable development of 
this layer in the swim-bladder is seen in the gurnard, 4 inch long, the large pulpy cells, 
each with its nucleus placed excentrically nearest the free surface, forming thick ruge, 
and supported by a layer of smaller cells irregularly scattered as an outer tunic. The 
large epithelial cells just described also occur in the swim-bladder of the Gadoid, 
when 4 inch in length, and the deeply-stained nucleus is excentric in position ; but it 
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is most distant from the free edge of the cell. In the later post-larval stages of the 
gurnard further changes occur, the deep glandular epithelium of the anterior part of the 
swim-bladder enclosing a narrow lumen. A little further back the thick glandular 
epithelium is continued into a lateral blastema of deeply stained tissue on each side. 
The cells are, however, altered in form, being spherical with a definite nucleus, and the | 
cell-contents are now clear. The lumen of the bladder becomes posteriorly narrowed in the 
form of a neck, and pulpy globular cells, with deeply stained (glandular ?) contents take | 
the place of the cubical epithelial cells of the fore part of the sac. These rounded cells | 
form a superficially broad girdle. Behind the narrow neck the bladder expands again, but | 
its walls are thinner and the layers distinguishable are fewer. Thus, in the anterior part, | 
outside the greatly thickened mucous lining, a dense nucleated stratum occurs, which rests 
upon a striated fibrous layer, bounded externally by a very thin nucleated stratum—the 
nuclei being much flattened and elongated, and lying two or three deep. An outer tunic of 
thick connective-tissue circumscribes the bladder, and this rests in the anterior part upon 
the pigmented peritoneum. Posteriorly, the liver and intestine are in contact with the 
external connective tunic. The four layers just described, with the exception of the deep 
internal mucous layer, continue into the second part of the bladder, but are much thinner. 
The great bulk of the liver and the pronephric augmentation are probably influential 
in the shifting backward of the swim-bladder. As shown in the earlier part of this | 
paper, the swim-bladder is a protrusion from the embryonic cesophagus; but the 
lengthening of the gullet, the enlargement of the stomach and intestine, produce such | 
changes in the disposition of the abdominal viscera as greatly to disturb the primitive 
relations of the various organs. Professor CLELAND, in a valuable note* points out that | 
the origin of the swim-bladder as a thoracic evagination must determine the regions 
of the alimentary tract (e.g., pharynx, stomach, and intestine) ; but it has to be borne in 
mind that, when the evagination takes place, the tract is very short, and the cystic 
duct is pushed out of the ventral wall in such close proximity to the outgrowth of the 
swim-bladder as to be included in the same section of the embryo, if cut in a slightly 
oblique plane,—the duodenum and pharynx in the early stage being separated by a very 
short interval. It is possible, therefore, that in the elongation and differentiation of the 
parts of the alimentary canal, the point of origin for the swim-bladder may, in post-larval 
and still more in adult stages of different species, be found in parts which do not perform 
the same physiological function. The position stated by Professor CLELAND is not, how- 
ever, affected by this consideration, and the part called stomach in such a form as Clupea 
must be morphologically—if not functionally—pharyngeal. 

Liver.—The liver in Anarrhichas appears on both sides of the fish posteriorly, but 
in the salmon it is best seen on the right side. Consequently the arrangement of the 
blood-vessels which pass through it for the supply of the yolk-mass diverge considerably 
in the two species. The position of the liver is seen in the outlines of the right and left 
sides (Pl. XX. figs. 2 and 4). 

* Memoirs in Anatomy, 1889. 
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In the young Pleuronectid, ;% inch long, the liver is of considerable size, and fills up 
the main part of the large peritoneal cavity in front. This chamber is very capacious, 
and causes the abdomen to hang like a swollen sac on the ventral side of the young fish. 
Its walls are thin, a delicate sheet of muscle merely intervening between the integument 
and the internal peritoneal lining. Posteriorly the spacious intestine fills up the cavity. 
Anteriorly the narrow cesophagus passes above the liver; but in many forms it descends 
into the hepatic mass—so deeply in the salmon and in the wrasse 7% inch long as to be 
almost enveloped by the liver, as we see in a less degree in the Gadoid when @ inch in 
length. 

The gall-bladder forms a large rounded diverticulum in the midst of the liver on the 
right side. The outer layer is fibrous and probably muscular, while the inner consists of 
flattened, epithelial cells. At this stage two apertures are visible, one leading from the 
anterior division of the liver by a somewhat convoluted duct, the other entering the 
bladder towards its posterior border on the same side, 7.e., the left. 

Spleen.—In the gurnard, 4+ inch long, and skulpin, 4 inch long, a rounded 
body occurs behind the liver. It is sheathed in a delicate cellular wall, and is formed 
of cells which stain deeply, grouped together in clumps, and forming a fairly solid 
organ. In Cottus scorpius, 3 inch long, an organ of similar histological structure 
passes along the posterior dorsal surface of the liver. No limiting membrane separates 
it from the liver, but its cells stain more deeply than those of the hepatic mass. Its 
form is flattened and lobular, with blood-corpuscles filling up its interstices, and it is 
apparently the spleen. 

Branchial System.—On the first day the branchie of the salmon have simple rows of 
papillz, each with a loop formed by a blood-vessel. On the second or third day, probably 
somewhat earlier, the operculum is noticed to flap actively, and a single series of blood- 
corpuscles rush up one side and down the other side of the branchial fimbrie. Small- 
celled cartilage is present in the branchie on the eighth day, and respiration is active, 
while on the fourteenth day, the embryo respires 106 to 108 times per minute. On the 
nineteenth day (sixth to seventh week after fertilisation) the branchial fimbriz are pro- 
portionately large and blunt. 

In the wolf-fish each branchial arch, on the 16th January, presents externally the 
cuticular investment, then a dense cellular layer (hypoderm) of connective and glandular 
tissue, this being greatly thickened on the margin, which afterwards becomes laminated. 
The cartilages of the arch have in transverse section a thick marginal structureless ring 
and a cellular centre. The papillose processes in Anarrhichas, on the thickened edge, 
increase in size in February, but they do not show much further differentiation during 
this month. In March the branchial papille are simple, and their vascularity is evident 
towards the end of the month, a large loop occurring in each. In April the elongated 
process becomes pinnate, a feature still more evident in May, so that each is feather-like, 


after the plan of those figured in the very young flounder (Pl. XV. fig. 8). Little further 
change ensued in those examined in June. 
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The arrangement. of the hyoidean apparatus and of the branchial arches, in fairly 
developed forms, is shown in Pl. XXV. figs. 1 and 2. 

The hyaline investment of the branchial arch described in the early larval Anarrhichas 
appears first in the post-larval Gadoid, ,5; inch in length. It clothes the cartilaginous 
branchial arches and the hyomandibular element as a very thin perichondrial layer, which 
develops very strong blade-like ridges at a later stage (when the fish measures $ inch 
in length). These ridges are three in number, one directed dorsally, the other two 
ventrally, and enclosing an angle in which the branchial vein passes. The central core 
of cartilage appears to be rapidly diminishing in diameter, and the hyaline investment is 
very thick. The branchial pinne now form a double row along the artery of each arch, 
and they consist simply of folds of mucous membrane, the cells being very large and 
defined by a thin external membrane. Delicate cartilaginous supports appear as thin 
rods projecting from the arch, but not, however, as outgrowths from it. In the post-larval 
gurnard, ;5; inch in length, these features are well marked, and in Cottus scorpius, 2 
inch in length, the details are even more readily made out; the hyaline deposit is not 
very thick, nor does it show any indication of the ridges described above. Outside the 
hyaline layer clothing the cartilaginous arch is an investing connective-tissue stratum in 
which the arterial and venous trunks lie. It appears to include some muscular elements. 
An epithelial layer lies externally, and it is much thickened on the anterior or upper side 
of the arch. Numerous large cells (mucous?) and vesicles occur in it, and it forms the 
complex folds of the pinne. In this form (Cottws) the cartilaginous rod developed in 
each pinna is very definite. In the gurnard, ;5, inch in length, two muscles pass along 
a part of the first branchial arch on its ventral side, to be inserted on the copula (basi- 
branchial) of that arch. Before reaching the point of insertion the two muscles lie close 
together, and in the interval an upright plate of hard hyaline tissue is deposited ; 
anteriorly it sends out two horizontal plates from its ventral margin, and has in transverse 
section the form of an inverted T. The branchial artery is very well developed at 
this stage, having a dense external tunic, within which is a thick fibrous and muscular 
layer, with longitudinal fibres in separate bundles internally ; these cause ridges in the 
epithelial lining, and in transverse section they project boldly into the lumen of the 
vessel. In oblique sections along the branchial arches of a post-larval Gadoid, 34 
inch in length, it is observed that the pinne of one side of the arch are not placed oppo- 
site those of the other side, but alternately, each with the central cartilaginous support 
described above. 

Renal Organs.—Just behind the point where the notochord commences, and below 
the large basilar plate in the larval Anarrhichas of 17th January, cellular glands appear 
in the space between the parachordals and the roof of the pharynx. The glandular body 
on each side shows certain empty spaces around it, and lies beneath the auditory vesicle. 
It is composed of rather large nucleated cells, the whole having at first in vertical trans- 
verse section an ovoid outline and a thin hyaline investment. The jugular vein lies to 
the inner side of each, in the connective tissue which fills up the interval between the 
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cranium and the pharyngeal roof below. Further back these glandular organs enlarge, 
and, as two preparations seem to show, they become lobulated, while the vessel on the 
inner side is surrounded by large nucleated cells. Pigment-corpuscles, moreover, appear 
at the side of the apertures and near the aorta. Toward the posterior border of the 
cranium, where a short conical spur abuts on the notochord on each side, the renal organ 
proper, or pronephros, commences in the form of numerous coils of the segmental duct 
(Pl. XXIII. fig. 2, prn); moreover, shortly behind, in the middle line below the aorta, 
two symmetrical spaces occur, into each of which a round vascular mass (glomerulus) 
having a glandular appearance, projects, the outer side of each aperture being free 
(Pl. XXVI. fig. 4, gi.). The pigment-corpuscles greatly increase, the main mass being 
situated dorsally over the segmental ducts, but also between and below them. Besides 
the ducts a quantity of glandular tissue (apparently BaLrour and ParKER’s lymphatic 
tissue) occurs at the inner and inferior border of the region. The coils of the segmental 
duct form a considerable mass as they pass backward, but they soon diminish. The 
course of each, laterally, varies in those species of Teleosteans in which a swim-bladder 
is developed, the large capacity of this median structure causing the ducts to be widely 
separated anteriorly. In the post-larval cod, 4 inch long, they pass along the side of the 
swim-bladder by a gently descending course to the urinary bladder. The increase in the 
cellular matter (which stains deeply) surrounding the tubules of the pronephros is very 
marked in the post-larval stages, and in the young gurnard, 4 inch long, it forms quite a 
large lobate mass enclosed in a very delicate membrane or capsule, the two glomeruli being 
imbedded in this apparently glandular matrix. A similar development of these small 
cells, which stain deeply, is seen in the cod when ¥, of an inch in length, and much 
dense pigment is developed around the pronephros. The ducts, when traced back- 
ward at this stage, pass in the wolf-fish over the urinary bladder, and posteriorly 
curve round, and debouch into the bladder by a very sharp downward deflection. By 
and by only a single duct remains with a connective-tissue investment, in which pigment- 
corpuscles occur all round, except at the inner and inferior border. Subsequently a small 
solid mass of nucleated cells is seen at the inner and inferior border of the duct; but no 
definite structure can be made out, and it soon comes to an end, to be succeeded by 
similar bands often passing toward the opposite duct. Moreover, in some sections a 
tubular structure indicates that these are probably segmental tubes in an early condi- 
tion. These sections are, however, situated high up—close by the sides of the aorta, 
but they do not appear to connect with it, and they have lax cellular walls. Soon the 
cardinal vein becomes single, and frequently the cells referred to form a thin band over 
it. Posteriorly the segmental ducts seem to diminish rather than increase in size, and 
the large cardinal vein widely separatesthem. By the diminution of the cardinal (caudal) 
vein the ducts again approach, and the space between the notochord and the rectum 
increases by the downward curve of the latter, while the fold of peritoneal mesentery, 
suspending the gut, disappears. The segmental ducts also move further from the 
notochord, and their lower ends merge into a dilated common part—the urinary vesicle— 
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the wall of which superiorly appears to be composed of cylindrical epithelium with a fibrous 
outer investment passing into the connective tissue surrounding it (Pl. XXV. fig. 5). 

The glomerulus on 1st March presents a more distinctly looped arrangement (PI. 
XXVI. fig. 4), the basal regions being narrow and closely applied to each other, the 
free portion having a pear-shaped outline, and in transverse section showing long spaces, 
so that it has a somewhat looped appearance. These chambers above are formed by 
thin membranous walls studded over with small globular cells. The anterior cardinal 
veins, as they debouch into the venous sinus, are outside the glomerulus and the 
pronephros. On 16th March the cellular stroma towards the posterior part of the 
segmental ducts increases superiorly on the sides of the cardinal veins, and above the 
ducts. It soon forms two symmetrical masses above the latter, the constituent cells of 
which are arranged somewhat in rows, so that there is a tendency to a tubular structure. 
A series of vascular spaces, however, develop at the commencement of the urinary vesicle, 
and the tissue disappears. The preparations of 20th April distinctly show in this region 
segmental tubes on a miniature scale. 

These secondary growths, moreover, have extended much further forward. It is 
remarkable that, though the cellular tissue has greatly increased anteriorly, and for 
some distance backwards, no distinct tubes appear there at this date. 

On 1st May the chief change is the increase of pigment round the pronepbros, which 
has a proportionally large bulk—the two sides forming on section an area equal to that 
of the alimentary canal. In the glomerulus nothing new is observed. A large vein 
runs down the right pronephros towards its termination, and then bends to the middle 
line. The segmental duct is now reduced to a single canal on each side, and, having 
reached the middle line beneath the aorta, the masses of cells superiorly, that is overlying 
the ducts, become more complex, and segmental tubes branch out—occurring both above 
and below the aorta, and beneath the cardinal vein in the middle line. The segmental 
ducts increase in size as the tubes become numerous, and each, like the ducts, has a 
hyaline investment (Pl. XXVI. fig. 3). A granular substance occupies the centre of the 
segmental duct in section (Pl. XXV. figs. 4, 5, 6, and 7). 

The mass of cells, above described in Anarrhichas, is late in appearing in most of the 
other forms studied. In Labrus, 1% inch long, it forms a thick cylindrical column, 
over the two segmental ducts in the terminal part of their course. 

The intimate relation of the pronephros and the posterior cranial nerves is remarkable, 
the large cellular outgrowths of the brain, which mark the egress of the ninth and tenth 
nerves, are closely associated with the cellular stroma of the head-kidney, and the similarity, 
in the early condition, of the nervous and renal tissue is striking, especially at such a 
post-larval stage as that of the gurnard, when ;; of an inch long. The roots of the 
glosso-pharyngeal and vagus exhibit enormously enlarged ganglionic swellings in the 
example just instanced. The head-kidney, moreover, becomes so greatly increased in 
bulk dorso-ventrally as to extend in the cod, § inch in length—from the roof of the 
body-cavity almost to the level of the summit of the neural arch. 
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The urinary vesicle presents a series of boldly marked folds superiorly, and its walls 
are in contrast with the massive sheath of the rectum. The segmental tubes are thus 
not developed in the pronephros, but have advanced considerably forward from the 
metanephros. In the pronephros the coils of the duct amidst the cellular mass seem to 
take the place of the tubes behind. Like the interior of the chamber, the duct leaving 
the urinary vesicle (Pl. X XV. fig. 6) is lined with columnar epithelium, and it opens on a 
special papilla. The differences between the anterior region of the urinary vesicle before 
and after the development of the segmental tubes is clearly shown by contrasting figs. 5 
and 7 of Pl. XXV. The development of the pigment on the wall of the organ (urinary 
vesicle) is also a noteworthy feature. 

Body-Cawity.—The form and capacity of this chamber varies very much in post-larval 
stages. It may constitute, as pointed out on a prior page, a huge depending sac, especially 
well seen in Pleuronectids. In the flounder, »% inch long, it is a thin-walled protruding 
pouch, anteriorly occupied by the bulky liver, while posteriorly the capacious intestine 
mainly fills up its cavity. Precisely the reverse condition obtains in the post-larval 
Clupeoid, 45, inch long, the body-cavity appearing merely as a slit-like space between the 
lengthened intestine and the peritoneum in front, the liver passing beneath the alimentary 
canal as well as the large swim-bladder behind, and reducing the space very much. In 
the goby, too, at =% inch, the body-cavity diminishes posteriorly so much as to form 
an interval barely perceptible between the intestine and the body-wall. Its anterior 
end may, as in a Gadoid, 5; inch long, pass beneath the pericardium, so that in section 
the ventricle of the heart occupies a position superior to the compact fore-end of the 
liver. This sub-pericardial protrusion of the body-cavity exhibits a thick muscular mass 
in its wall upon each side. The viscera in the post-larval wolf-fish and salmon appear to 
fill up the limited peritoneal chamber more completely than in the spacious and prominent 

cavity characteristic of such forms as the Pleuronectids and the ling. 
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LIST OF REFERENCE LETTERS. 


a anus. 
abd, abdomen. 
ab. air-bladder. 
ac, anterior commissure, 
af. anal fin. 
al, alar expansion of scutum (ds. ). 
aorta. 
aob. aortic bulb. 
ar. artery. 
au. otocyst (early condition). 
auc. auditory capsule. 
aur. auricle, 
brain. 
be. body-cavity. 
bd. blastodisk (before segmentation). 
bdm. - (after segmentation). 
bl. blastomeres. 
blr. urinary bladder formed by union of 
segmental ducts. 
bp. blastopore. 
br. blastodermic rim. 
bra. branchial arches. 
bre. a clefts. 
bs. blastodermic shield. 
car. carina, or ventral ridge of early 
embryo. 
cart, cartilage. 
can. canal (auditory, &c.) 
caps. capsule. 
caud, caudal end of trunk. 
cb. cerebellum. 
caudal vein. 
cerebrum, anterior fore-brain. 
cephalic end of embryo. 
caudal fin. 
choroidal fissure. 
clavicle. 


PSP 


> 


cortical protoplasm. 
cuticular (hypoblastic) notochordal 

sheath. 
cartilage, and connective tissue. 
cornu trabecule. 
cardinal vein. 
ductus choledochus. 
dorsal fin. 
dorsal or medullary groove. 
ductus Cuvieri. 
eye. 
epidermis. 
embryonic (marginal) fin. 
epiblast, 
»,  corneous. 

neurodermal. 

embryonic fin-rays. 
anterior transverse fibres. 
fore-brain. 
roof of fore-brain 
branchial ruaiments. 


fornix of Gottsche. 
gut. fg. fore-gut. 
mg. mid-gut. 


. hind-gut or rectum. 
gall-bladder, 


ge. cavity. 
gi. lomerulus. 
ha. heal arch. 
ind-gut. 
hm. arch, 
hme. 53 cleft. 
Ar. rudiment of heart. 


hyd. hyoid element. 

hyp. (or hy.) hypoblast. 

i. iter a tertio ad quartum ventri- 
culum. 

inf. infundibulum. 

inn. interneural (spinous) cartilages. 


ir. iris. 

iv. subintestinal vein. 

k. kidney. 

Kv. Kupffer’s vesicle. 

lens. 

lr. liver. 

Wl. lower layer (primary entoderm) 
cells, 

ly. lymphatic mass in front of kidney. 

li. lobi inferiores, 

m. mouth. 

ma. meridional areas of protoplasmic 
transference, 

mb. mid-brain 


me. 

mel. membrana elastica externa. 

mes. mesoblast. 

mg. mid-gut. 

mic. micropyle. 

mn. mandible. 

mro. musculus retractor oris. 

msn. mesentery. 

mx. maxillary. 

my. myotomes, muscular somites, or 
myomeres. 

nm. nucleus, 

na. neural arch, 

ne. notochord. 

nes. notochordal sheath. 

neu. nervous cushion (auditory). 

me. neurochord, 

nec. neurenteric canal. 

nic. cellular ring of notochord. 

np. nuclei of the periblast. 

nv. 

og. oleaginous sphere or globule. 

ol. pits. 

olf. olfactory lobes. 

oln. nerves. 

op. optic vesicle, also eye in later stages 
(oc. in some figures). 

ope. operculum. 

opem. optic 

oto. otoliths. 

ovf. valve-like flap of optic lobe 

p. protoplasm. 


Se 


vesicle. 
. ventricle (heart). 
vf. ventral fins. 
vn. vein. 
vt ventricle (brain). 
vth. vesicle of thalamencephalon. 
vs. blood-vessel. 
2. variously used for special structures. 
y. yolk. 
ys. yolk-sac or embryonic membrane. 
zr. zona radiata. 
I. Olfactory nerve. 
II. Optic nerve. 
III. Oculo-motor nerve. 
VII. Facial and auditory nerves. 
V. Trigeminal nerve. 


or ptg. pala 
. (also my.) protovertebre. 


perivitelline 


. spinal nerve. 


ON 


pigmented layer of choroid. 
perichordal (mesoblastic) sheath. 


parachordals. 

pericardial chamber. 

periblast. 

pectoral fin ; also pale commissural 
fibres. 


pectoral girdle. 

palpocils. 

pineal gland. 

primitive germinal cells. 
opercular aperture. 
to-quadrate cartilage. 


pronephric chamber. 

primitive streak. 

pronephros. 

opening into 

8 or ‘* breathin 

ae 

pituitary body. 

pterygo-quadrate. 

portal vein. 

parietal zone of blastoderm (resein- 
bling the Avian zona pellucida). 

ee part of mandibular arch. 

ri 


swim-bladder. 
archinephric or segmental duct. 
segmentation cavity. 
segmental tubes. 
sensory organs. 
mesoblast. 
splanchnic mesoblast. 
spherules. 


serous spaces around embryo. 
stomach. 

sinus venosus. 
thalamencephalon or posterior fore- 


brain. 
lobes of roof of thalamencephalon. 
floor of thalamencephalic chamber. 
trabecule. 
tori semicirculares. 
», longitudinales, 
urinary vesicle. 


mc. permanent medullary canal. 7 
md. and mo. medulla oblongata. 
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[The Plates were drawn under the impression that they would be published by the Fishery Board for Scotland. 
This was found to be impracticable. The larger share of the cost of their publication was borne by the Royal 
Society of Edinburgh, part of the balance being defrayed by a grant from the Fishmongers’ Company of 


London. | 
Prate I. 

Fig. 1. Ovum of Liparis montagui, pinkish in colour and with pitted capsule, x 50 
Fig. 2. Ovum of Cottus bubalis boldly zona x 24 
Fig. 3. Ovum of Cottus scorpius, . x 24 
Fig. 4. Ovum of Liparis montagui, with ‘pitted cigtile, Adjacent ova are attached by rong 

Fig. 5. Fertilised ovum of ‘Clupea apvaties, x 56 
Fig. 6. Ovam of Zengopterus punctatus, in ripe (unfertilised) cindilion, x 56 
Fig. 7. Fertilised ovum of 7'rigla gurnardus, cells at the edge of the blastoderm, . x 90 
Fig. 8a.7’. gurnardus, pigment-corpuscles present at the closure of the blastopore, . x 205 
Fig. 80. - pigment-corpuscles present at the closure of the blastopore, x 205 
Fig. 9. Spermatozoa of T'rigla gurnardus, , ‘ Highly magnified 
Fig. 10. Ova of Molva vulgaris, floating in calm water, showing a gla a The ring 

next the central oil-globule indicates the blastoderm, . x about 10 
Fig. 11. G. eglefinus, micropyle and accessory structure in oblique view, x 415 
Fig. 12. A micropyle in profile, . x 205 

a, external crater ; 3, ¢, 
Fig. 13. " micropyle in seollle, another view of a later condition in an ovum 44 hours 
after fertilisation, x 400 

Fig. 14. mi micropyle in profile, 6 hours after fertilisation, x 500 
Fig. 15. “ micropyle and accessory structure, oblique view, , x 510 

[The artist has placed the accessory structure above instead of at the side of the 

micropyle. | 

Fig. 16. 7. gurnardus, surface view of an abnormal zona radiata, . x 205 
Fig. 17. a, b, c, d, and e, successive changes observed in the polar soiled bells sipenatly the 

union of male and female pronuclei in the ovum of 7. gurnardus: a, at 25 mins. ; 

6, 30 mins.; c, 38 mins.; d, 46 mins.; e, side view of another similar body, x 75 
Fig. 18. Pleuronectes microcephalus, surface view of dotted and reticulated zona radiata, x 350 
Fig. 19. Trigla gurnardus, zona radiata with linear arrangement of dots, x 300 
Fig. 20. Pleuronectes platessa, zona radiata showing dotted structure, , x 415 
Fig. 21. Liparis montagui, nearly ripe ovum, with reticulated capsule and oll-globule, x 156 
Fig. 22. Oblique view of the same. 
Fig. 23. Agonus cataphractus, reticulated zona radiata, x 250 
Fig. 24. Cyclopterus lumpus, zona with dots of two sizes, x 205 
Fig. 25. Anarrhichas lupus, zona in section, stained with hematoxylin, which affects oly a thin 

linea, . x 435 
Fig. 26. Ovum of Solea 80 as to show the ring dened by the of 

small oil-globules ; the rim of the blastoderm is observed internally, and certain parasitic 

infusoria are seen externally, July 12, 1888, , . x about 40 

II. 
hg 1. Pleuronectes flesus, vertical section through middle of blastoderm, 2nd day, April 7, 1886, x 175 
ig. 2, 


vertical section through middle of blastoderm, nearer the margin than 


x 175 
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Fig. 3. Gadus eglefinus, section through the blastoderm at the morula stage, 22nd hour, March 25, 


1886, 

surface view of the edge of the and peribast, 2 26th hour March 
30, 1886, 

Fig. 4a ,, 9% surface view of the same, 2 hours later ( 98th hour), 

Fig. 5. 7. gurnardus, yolk pitted by periblastic nuclei, viewed obliquely from above, 

Fig. 6. a periblast and edge of blastoderm, May 26, 1886, 

Fig. 7 - similar view, 8th hour, June 25, 1886, 

Fig. 8. ” similar view, 8th hour, May 26, 1886, 

Fig. 9. Gastrosteus spinachia, part of rim and of blastoderm when entended shenk sinotentie over 


the yolk-surface, 

Fig. 10. G. eglefinus, section through the invaginated rim when almost at the equator, 4th day, and 
no germinal cavity present, 

Fig. 11. Ovum of Solea vulgaris, showing over the yolk groupe of oil- globules 
segregated under the embryo, 

Fig. 12. Ovum of Gastrosteus spinachia in the morela conition, May 9, 1886 : x, ‘tress of attach- 
ment to adjacent ova, 

Fig. 13. Newly-hatched larva of Clupea 

Fig. 13a.Larva of Clupea sprattus, stage (in a somewhat sbucemel specimen with 
behind and below eye, and on oe anterior surface of —" more advanced than in 
the preceding figure, _ . 

Fig. 14. 7. gurnardus, May 24, 1886. Three were in this oven, 

Fig. 15. a, b, c, d, e, Pleuronectes flesus, vertical sections through the blastoderm on the 3rd day, 
April 7, 1886: a, through the middle of the germ ; ¢ through the marginal part, ‘ 

Fig. 16. Ovum of Gadus eglefinus, marginal blastodermic cells sending out filamentous protrusions 
under pressure, 

Fig. 17. Gadus eglefinus, vertical an ovum “With the rim y at the ine 
germinal cavity appears, 4th day, March 24, 1885, 

Fig. 18. Ovum of Gadus eglefinus, vertical section through the blastoderm at the 2-cell age : mane 
vesicles are collected at the base of the blastomere, ; 

Fig. 19. Ovum of the haddock on the 3rd day, at 10 a.m., viewed from icles 


Puate III, 
Fig. 1. T. gurnardus of the 3rd day, transverse section through the cephalic region, 
Fig. 2. = of the 3rd day, transverse section posterior to fig. 1, ‘ 
Fig. 3. " of the 3rd day, transverse section through the terminal — of tronk 
Fig mA of the 9th hour, May 28, 1886, cuphalle end of embeyo, 


of the 3rd day, May 27, 1886, snout of embryo, 


4. 

Fig. 6. G. agletins, of the 72nd hour, snout of embryo, . 
Fig. 7. fe of the 6th day, March 29, 1886 (Kupffer's vialele and tblastopore, 
Fig. 8. G. morrhua, of April 26, 1886, 10 a.m., end view, ; 
Ve Ge of April 26, 1886, somewhat later than fig. 8, end view of carly embry 
Fig. 8b. of April 26, 1886, 11.40 a.m., ‘ 
Fig. 8c. of April 26, 1886, 12.45 noon, 

9. 


of May 1886, side view of blastopore and canal, 


Fig. 10 m of May 1886, side view of blastopore and neurenteric canal, &c., 

Fig. 11. G. eglefinus, of May 25, 1886, transverse section through the trunk (rim at equator), 

Fig. 12 m transverse section through the caudal region (primitive streak 4), same - 
as fig. 11, 

Fig. 13. of May 26, 1886, transverse the (rim 


Fig. 14. G@. morrhua, of April 26, 1886, Kupffer’s vesicle viewed through the transparent embryo, 


. 


x 175 


x 175 


x 175 
x 175 
x 90 
x 415 
x 156 
x 415 


x 130 


x 435 


x 50 


x 25 
x 21 


| 
x 5d | 
x 150 
x 230 
x 64 
x 435 
x 30 
x 175 
x 175 
x 175 
x 225 
: x 250 
‘ x 250 
x 400 
x 250 
x 250 
: x 250 
x 250 
x 97 
x 97 
x 175 
x 175 
x 175 
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Fig. 15. @. morrhua, of March 16, 1886, side view of blastopore with a plug of yolk, : ; x 97 
Fig. 16. 7. gurnardus, of May 28, 1886, surface view of caudal end of embryo at an early stage, . x 125 
Fig. 17. G. eglefinus, of March 25, 1886, 4 P.m., similar stage to the preceding figure, ; A x 97 
Fig. 18. G. morrhua, of April 26, 12,30 p.m., side view of caudal end, ; x 205 
Fig. 19. pe front view of cephalic end of se with aa fold of epiblast sa 
Fig. 20. similar view to fig. 18, x 90 
Fig. 21. ” of May 12, 1886, blastopore closing, ; , x 52 
Fig. 22. 7. gurnardus, of May 28, 1886, 4th day, caudal end of embryo viewed laterally, x 40 
Fig. 23. G. morrhua, of May 16, 1886, 90th hour, caudal end of — and Ser A vised 
from above, ‘ x 175 
Puate IV. 
Fig. 1. Transverse section of embryo of Pleuronectes flesus, 4th day (snout), : ‘ : x 200 
Fig. 2. », 4th day (fore-brain), . ‘ x 200 
Fig. 3. », 4th day (optic vesicles), x 200 
Fig. 4. », 4th day (nuchal region), x 200 
Fig. 5a. - - = », 4th day (posterior region of the trunk), x 200 
Fig. 5b. », 4th day (posterior region of the trunk), x 200 
Fig. 5c. », 4th day (posterior region of the trunk), x 200 
Fig. 5d. ” ‘se » 4th day (posterior region of the trunk), x 200 
Fig. 5e. “ - a » 4th day (close to margin of rim), ; x 200 
Fig. 5/. », 4th day (close to margin of rim), x 200 
Fig. 6. ” immediately posterior to fig. 5), x 500 
Fig. 7. pa “4 - » the two layers of fig. 5e, . x 500 
Fig. 8 », the two layers of the blastodermic 
embryonic) area, . x 500 
Fig. 9. G. eglefinus, 5th day, hind end of embryo, ‘ ; x 120 
Fig. 10. 5th day, otocystic region, . ‘ x 120 
Fig. 11. 7. gurnardus, 4th day, longitudinal section, . ; x 135 
Fig. 12. 4th day, slightly oblique longitudinal vention’ cation (nuchal rion) x 135 
Fig. 13. - oblique section through fore-brain and eye, . : ‘ x 135 
Fig. 14. P. flesus, oblique longitudinal horizontal section of anterior end of enbeye, . x 200 
Fig. 15. G. eglefinus, oblique longitudinal horizontal section of anterior end of embryo oe at the 
_ equator of the egg), , . x 200 
Fig. 15a. oblique longitudinal horizontal on a than fig. 15, x 200 
Fig. 16 a 4th day, oblique longitudinal horizontal section, further advanced than 
Fig. 17. P. flesus, transverse section at a later pra than fig — ; x 120 
Fig. 18. Molva vulgaris, horizontal section through the choroid fissure, . x 400 
—. oe horizontal section through the choroid fissure at a lower sli than fig. 18, x 400 
Fig. 20. transverse section through fore-brain, : x 120 
Puate V. 
Fig. 1. Molva vulgaris, front view of head, 6th day, ; ; x about 55 
Fig. 2. 7. gurnardus, pigment-spots on the trunk, 4th day, June 1886, : : x 250 
Fig. 2a. yolk-sac, lst day out, x 400 
Fig. 2b. pigment-spot’ on yolk-sac (three in of corpusc) x 400 
Fig. 3. P. limanda, ovum with abnormal embryo, May 8, 1885, . : ‘ . Enlarged 
Fig. 3a, ® ovum with abnormal embryo, 3 days later, . : . Enlarged 
Fig. 4. Undermined ovum (F) with oil-globule (034 inch in diam.), on 
Fig. 5. 7. gurnardus, cyclopean embryo in ovo, . Enlarged 
Fig. 6. P. platessa, ovum with embryo well-developed, Apeil 20, 1886, , . ; . x 40 
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Fig. 7. Molva vulgaris, aboral end of notochord, 10th day, » * 200 


Fig. 8. ,, | 5, showing early pigment, 7th day, May 4, 1886, , x 55 
, aa » embryo still further advanced, 8th day, May 5, 1886, ‘ x 70 
Fig. 10. __,, »» ventral aspect of embryo, . x about 30 
Fig. 11. Pleuronectes limanda, ovum showing protoplasmic seietiedions, x about 40 
Puate VI. 
Fig. 1. G. morrhua, surface view of ear, May 10, 1886, . . x 210 
Fig. 2. 7. gurnardus, surface view of ear, 7th day, June 22, 1886, x 205 
The anterior edge is on the right, and the dorsal is sapesior. 
Fig. 3. - longitudinal vertical section of the otocystic region; 3 days old, June 1, 1886, x 230 
Fig. 4. - transverse section of the same — ; 3 days old, June 1, 1886, x 230 
Fig. 5. G. eglefinus, anterior end of larva, ° ; . x 150 
Fig. 6. Larva of 7. gurnardus, from the dorsum, June 15, "1886, x 156 
Fig. 7. Pleuronectes platessa, head of larva 2 days old, May 1886, . . Highly magnified 
Fig. 8. 7. gurnardus, sensory organ in integument behind the cephalic region, May 12, 1886, x 156 
Fig. 8a. 9% sensory organ in integument behind the cephalic region, June 24, 1886, x 415 
Fig. 9. Transverse section oe the sae region of larva of G. iB My 19th day after 
hatching, : ‘ ‘ ‘ x about 300 
Fig. 10. Section of the same region, "see x 230 
Fig. 11. Otolith of Cottus scorpius, 3, in. long (° 188 inch) showing strongly stained core ond un- 
stained concentric stratum, x 750 
Prate VIL. 
Fig. 1. G. eglefinus, transverse section, 13th day (7 hours before hatching), April 14, 1886, x 200 a 
Fig. 2 . transverse section, 14th day after fertilisation (just emerged), x 150 | a 
Fig. 3. a transverse section, 3rd day after hatching, April 24, 1886, . x 175 Bk. 
Fig. 4. A transverse section, posterior to fig. 3, x 175 = 
Fig. 5 transverse section through mid-gut and diverticulum (cwim-bladde:), x 450 
Fig. 6. - transverse section, 2nd day out, April 24, 1886, x 200 * 
Fig. 6a. ao transverse section (section succeeding fig. 6), x 200 a 
Fig. 7. longitudinal horizontal section, 3rd day out, March 23, 1886, x 135 = 
Fig. 8. ides culgarie 6 days old, ventral aspect of the alimentary canal, x 250 ‘ q 
Fig. 9. T. gurnardus, longitudinal vertical section of the alimentary canal, 17th on July 8, 1885, x 175 - 
Fig. 10. je dorsal view of pectoral fin of embryo before hatching, May 27, 1886, ‘ x 210 : % 
Fig. 11. G. morrhua, section of the anal portion of the gut, 6th day out, May 4, 1886, x 175 4 
Fig. 12. Molva vulgaris, longitudinal horizontal section the — 2 May 1, 
1886, x 175 a 
longitudinal horizontal at a lowes x 175 
| a oe . longitudinal horizontal section half-way down marginal fin, ; x 600 a 
Fig. 15. _,, - longitudinal horizontal section of the anal opening, on a lower plane ae 2 
fig. 14, x 600 
Puate VIII. 
Fig. 1. Undetermined larva (p) with oil-globule (see p. 861), x 25 ee 
Fig. 2. G. eglefinus, 8th day after fertilisation, view of the heart, 8.50 p. 1. March 30, 1886, x 210 — ; 
Fig. 3. 7. gurnardus, from right side, focussed deeply: pew, anterior saab wall, July 18, _ 
1886, x 156 
Fig. 4. ‘a ear, eye, and other organs, . x 156 = 
Fig. 5. » Ist day, slightiy oblique view of the niall region fron blow June , 1886, . x 156 5 
Fig. 6. Head and anterior region of 7. gurnardus, newly hatched, ; x 65 - 
Fig. 7. Head of G. eglefinus, 7th day, April 30, 1886, x 65 = 
Fig. 8. Branchial region of 7. gurnardus, newly-hatched, x 90 . 
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Fig. 9. Heart and other organs of 7’. gurnardus, just hatched, seen from above, June 2, 1886, ‘ . x 90 


Fig. 10. Young pleuronectid (unknown sp.), April 7, 1887, front face view, ‘ ; x 50 
Fig. 11. 7. gurnardus, 4th day, transverse section through the heart, with mesoblast (mes), . x 600 
Puate IX, 
1. Anterior end of 7. gurnardus, 3rd day, June 19,1886, . ‘ . : ‘ x 100 
2. Molva vulgaris, 4 days old, May 12, 1886, ; , . ‘ ; x 25 
5 days old, May 13, 1886, x 25 
. 4, Head and anterior region of P. platessa, 8 mm. in length, ond 4 day oA, Apri 22, 1886, . x 40 
ig. 5. Anterior end of 7’. gurnardus, 8th day, June 24, 1886, . ; x 55 
6. G. eglefinus, branchial and mandibular cartilages, April 20, 1886, ; : x 200 
7. Mandible of G. eglefinus, 10 days old, x 140 
8. Blastoderm of 7. gurnardus at the stage of about sixty : inten blastomerte 
spaces apparently filled with fluid, ‘ x 40 
ig. 9. Molva vulgaris, margin of disc and nuclei of seilblent, : x 450 
ig. 10. Gadus eglefinus, 24th hour; the figure shows some marginal cells of the Master, and 2 a 
portion of the nucleated periblest, ‘ x 415 
X. 
ig. 1. Slightly oblique view of the head of an advanced larva (15th day) of Trigla gurnardus, . x 40 
ig. 2. Zrigla gurnardus, showing pigment in pectoral fin and visceral anatomy, 16th day, . Magnified 
ventral view of same, 16th day, ‘ . Magnified 
advanced embryo, 17th or 18th day, Magnified 
. 4. Blastodise of Trigla gurnardus at the 6th hour, viewed from shave: third Sexe noah 
completed. Oil-globule (0g) seen below, x 80 
ig. 5. Larva of Gadus morrhua, ventral view of head, May 11, 1886, ; , . Magnified 
“eS ae a dorsal view of head, May 11, 1886 ; the heart is indicated by the 
dotted lines, . Magnified 
6. Opercular aperture of Molva vulgaris, May 10, 1886, ‘ ; x 205 
7. Zona radiata of an abnormal egg of Solea vulgaris, showing flat sinities on ‘ee sastbes, : x 50 
ig. 8. Zona radiata of the pelagic egg with large perivitelline space with distinct punctures, ; x 480 
. 9. Ovum of Gadus morrhua in the morula stage ; blastomeres boldly spherical, . ; x 50 
. 10. Ovum of Pleuronectes flesus, lateral view of the multicelled condition of the disc, . , x 35 
Puate XI. 
1. G. eglefinus, transverse section through the fore-brain, 17th day, . ‘ ‘ x 200 
2. i transverse section through the fore part of heart, i ; : ; x 200 
3. - transverse section posterior to fig. 2, . : ‘ , x 200 
4, transverse section through the fore part of the x 200 
transverse section, lateral portion of section fig. 2, . x 435 
. 6. Molva vulgaris, transverse section, branchial region and heart, 1lth day, . ; : x 135 
transverse section, branchial region and heart, 14th day, . x 135 
transverse section posterior to fig. 7, x 135 
9. Gastrosteus spinachia, longitudinal vertical section through the the 
‘time of hatching, : x 135 
ig. 10. longitudinal vertical section the oper: 
culum, slightly more advanced than fig. 9, ‘ ‘ x 135 
- ll. G. eglefinus, 2 days old, oblique horizontal section of the branchial region, ‘ x 175 
ig. 12. 7. gurnardus, section of a portion of the protoplasmic investment of the lelotale, ; x 450 
Fig. 13. Molva vulgaris, section through the oil-globule, showing pigment in the protoplasm, — ; x 150 
Fig. 14. @. eglefinus, 17 days old, transverse section through the hind-gut, . ; : x 230 


Fig. 15. 9 transverse section through the base of the tail, ‘ : ; : x 230 
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. G. eglefinus, transverse section Se a tract, probably sensory, in the lateral region of 


the tail, . x 230 
Fig. 17. transverse section near r the tip of the rank, x 230 
Fig. 18. 7. gurnardus, 22 days old, bony elements in the roof of the mouth, ere valeting, x 120 
Fig. 19. Clavicle of undetermined pleuronectid larva (possibly plaice), : x 70 
Fig. 20. 7. gurnardus, 22 days old, premaxillary (?) elements: a, anterior oxteunity ; s 6, posterior, . x 120 
XII. 
Fig. 1. 7. gurnardus, 1st day out, June 2, 1886, x about 32 
Fig. 2. G. morrhua, advanced larva, May 2, 1855, x 45 
Fig. 3. Early larva of Motella mustela, May 8, 1886, x 60 
Fig. 4. Molva vulgaris, just hatched, 4.30 p.m., May 5, 1886, : x 40 
Fig. 5. Cyclopterus lumpus, newly-hatched, May 27, 1886, . Magnified 
Fig. 6. Larva of Pleuronectes flesus, 13 days old, April 26, 1886, x 50 
Fig. 6a. 5, 13 days old, dorsal view. 
Fig. 7. Lateral view of the larva of P. platessa, May 7, 1886, x 40 
Fig. 8. G. eglefinus, 6 days old, longitudinal vertical section ne pericardial chamber, sinus 
venosus, and branchial arches, ‘ ; x 150 
Piate XIII. 
Fgi. 1. Larva of Liparis montagui, March 19, 1886, x 24 
Fig. 2. Termination of the tail in the larva of Cottus scorpius, April 8, 1886, x 40 
Fig. 3. Ovum of undetermined pleuronectid (?), with large euspeen space. 
Fig. 4. Molva vulgaris, 1st day out, May 6, 1886, ; x 40 
Fig. 5. Centronotus gunnellus, head and anterior region, March 18, "1886, . x about 90 
Fig. 6. ee early larva, March 14, 1886, . ‘Magnified 
Fig. 6a. Caudal region of larval gunnel, . x about 24 
Fig. 7. Centronotus gunneline, advanced larva, May l, 1886, . x about 24 
Puate XIV. 
Fig. 1. Embryo of G. eglefinus, removed from capsule, = 1, 1886, viewed somewhat pe x 55 
Fig. 2. Head of larva of 7’. gurnardus, 3rd day, , x 55 
Fig. 3. Abnormal tail of larva of 7. gurnardus, 1st day, va une 7, 1886, x 210 
Fig. 4. Anterior end of larva of Cottus scorpius (?), April 8, 1886, x 24 
Fig. 5. P. platessa, anal region, x 55 
Fig. 6. Cardiac region of larva from ovum with leans perivitelline co, x 40 
Fig. 7. T. gurnardus, hind end of embryo and edge of blastopore, showing the ooining ondlel of 
the periblast, x 210 
Fig. 8. blastoderm shortly after the 6th the 4th | in x 80 
XV. 
Fig. 1. Molva vulgaris, subnotochordal trunks and blood-elements ble, May 8, 1886, x 220 
Fig 2. Larva of Liparis montagui (?), showing vitelline circulation, April 12, 1886, x 40 
Fig. 3. Aboral end of the notochord and tail of post-larval P. jlesus, x 55 
Fig. 4. Tip of the tail in the larval Motella mustela, ; x 220 
Fig. 5. Marginal fin and part of alimentary canal in the larva of ecasiens sinachic July : 
1885 [the caudal fin in this figure has been marked ef instead of cf], x 200 
Fig. 6. Cyclopterus lumpus, lateral view, 26 days old, June 17, 1885, x 30 
Fig. 7. Longitudinal section through the caudal portion of the notochord of G. colina 13th dos, x 200 
Fig. 8. P. flesus, head of young specimen, May 18, 1886, ° . Magnified 
Fig. 9. Cyclopterus lumpus, same age as in fig. 6, vented. ¥ view showing like ‘ound fins, 
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Piate XVI. 
. 1, Pleuronectes flesus, larva 13 days old, April 26, 1886, ; ; R .  (reduced)x 40 
2. Gadus merlangus, early larva, April 24, 1885, x 40 
Pleuronectes limanda, 11 days old, May 22, 1886, . x 56 
4. Dorsal view of the same, . ‘ x 50 
5. Slightly oblique view of an advanced larva of Ploivonedes wlatenn, May 1, 1886, x 15 
5a. Slightly oblique view of an advanced larva of __,, a May 7, 1886, dorsal 
aspect, . . Magnified 
6. Anterior end of the larva of rt mania, Sth day after emanging, May 19, 1886, a 
7. Advanced larva of Liparis montagut, April 13, 1886, : ; x 18 
8. Larva of 7'rigla qurnardus, 3rd day out, May 31, 1886, x 50 
9, Advanced larva of Cottus scorpius, April 13, 1886, x 18 
10. Abnormal ovum of Trigla gurnardus, July 8, 1885, x 40 
Puate XVII. 
1. Gadus ceglefinus, larva, 7 days old, with circulation active, April 19, 1886,. ; ee 
2. Motella mustela, advanced larva, May 11, 1886, . , ! ‘ : x 90 
3. Cyclopterus lumpus, artificially extruded from the egg-capsule, ; . Enlarged 
4, Undetermined larva, with oil-globule, newly emerged from the ovum feared on Plate V. fig.4, x 40 
5. Trigla gurnardus, post-larval stage, August 23, 1886, . ‘ x 20 
6. - ” post-larval stage, older stage, dorsal view, Auge 16, 1886, , . Enlarged 
4 - - post-larval stage, older stage, side view, August 16, 1886, . . Enlarged 
8. Young Gadus morrhua, June 11, 1886, : . About natural size 
9. Larva of Molva vulgaris on the 2nd day, May 8, 1886, x 50 
10. Larva of __s,, » 13 days old, May 13, 1886, x 80 
12. Advanced larval stage of Gadus ‘ x 50 
13. Newly-hatched larva of Solea vulgaris, x 52 
Puate XVIII. 
1, Undetermined Pleuronectid, 24th hour after hatching, April 7, 1887, : . . x about 75 
2. Another undetermined Pleuronectid, 2nd day out (for ovum, vide Plate XIII. fig. ” ‘ x 40 
3. Post-larval ling (Molva vulgaris), showing long ventral fins, x 
4. Post-larval ling __,, 2 showing long ventral fins (later stage), . 2 
5. Post-larval rockling (Motella), showing long ventral fins _ er The dorsal fin is 
entered in the text as df, : 
6. Post-larval rockling (Motella), younger ‘aie than fig 5, x 6 
7. Post-larval “ witch” (Pleuronectes cynoglossus), x 4 
9. Advanced post-larval stage ,, 
10. Advanced post-larval stage of armed bullhead LApennie catapracts), Arr 28, 1887, .xabout 9 
11. Late larval stage of the same, April 4, 1887, : , . x about 20 
Pirate XIX. 
1, Young turbot (Rhombus maximus), August 23, 1886, . ‘ . . x about 10 
2. Post-larval stage of Gadus morrhua, in spirit, May 1887, . ‘ : R eo 
3. The same at a somewhat older stage than fig. 2, ‘ ee 
4. Young Cottus scorpius, May 6, 1887, 
5. Larval flounder (Pleuronectes flesus), 1st day out, . x 50 
6. Post-larval stage of the angler (Lophius piscatorius), . x 
7. Larval haddock (Gadus eglefinus), 1 day old, ventral aspect, : x 35 
8. Larval cod (Gadus morrhua), 3rd day after hatching, ‘ : Slightly Memes than perk size 
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Fig. 9. Larval ling (Molva vulgaris), 5th day, May 2, 1886, - we 90 
Fig. 10. Larval example of undetermined Pleuronectid, obtained in St Andrews Bay 1887, . : x 90 
Fig. 11. A young example of Callionymus lyra, 10 mm. in length, . ; ; x 5 
Fig. 12. Ovum of Gadus morrhua in the morula condition ; blastomeres somewhat sounded, x 60 
XX. 

Fig. 1. Anarrhichas lupus, larval tail showing radial striations, . x 40 

Fig. 2. is », larva just emerged, and viewed from the left side J ennai 28, 1886: the 
great vitelline vein is indicated through the semitransparent yolk, . x about 12 

Fig. 3. Tail of the same at a more advanced stage, and when the blood-vessels form a fan, March 2, 
1886, . x 40 
Fig. 4. Larva of Anarrhichas hatin just emerged, viewed trom the right side, J — 28, "1886, . x about 12 
Fig. 5, Dorsal view of a newly-hatched larva of the same species, January 1886, . ‘ . x about 12 

Fig. 6. Group of firmly adherent ova of the wolf-fish ose cherea _ with embryos far 
_ advanced, Somewhat enlarged 
Fig. 7. Fresh ovum (unimprognated) of the same Somewhat enlarged 
Fig. 8. Surface of lamina of the zona radiata in Anarrhichas, , . x 500 

Fig. 9. Egg of salmon (Salmo salar): a, seen from above; J, viewed laterally, February 2, 
1862, . Somewhat enlarged 

Fig. 10. Egg of the same species, similarly viewed aol magreiied. 

Fig. 11. Portion of the zona radiata of the egg of the salmon, viewed as a transparent object, ; x 300 

Fig. 12. Caudal region of the embryo of Gadus eglefinus, 9th day after fertilisation, showing the 
neurenteric canal x 70 

Fig. 13. Rectal region in the larva of Molva olgaris showing the communication of the urinary 
vesicle with the early rectal lumen, ‘ x 70 

XXI, 


Fig. 1. Anterior end of larval Anarrhichas lupus seen from the right side, February 16, 1886, , x 24 
Fig. 2. View of the circulation in the yolk-sac of the same species from the left side, February 23, 


1886, . x 44 
Fig. 3. Yolk-sac of more advanced larva of daarvikehes, with oll globale on nthe ght id May L, 
1886, . x 18 
Fig. 3a. Yolk-sac of the same larva viewea fies the left side, May 1, 1886, . ; : ; x 18 
Fig. 4. Oblique view of the head of the larval Anarrhichas, January 1886, . : . x 24 
Fig. 5. Group of cells from the yolk-sac of the same form, . : : x x about 650: 
Fig. 5a.Altered blood-discs from larval Anarrhichas, ; x about 650 
Fig. 6. Anterior end of segmental duct in the larval cod, May 10, 1886 ; sedaced from a drawing x 200 
Fig. 7. Sensory bodies beneath the epiblast on the under surface of the snout of embryo of haddock, 
13th day after impregnation, . : x 435 
Fig. 8. Horizontal section through the — of the embryonic haddock on the 4th day after 
XXII. 


Fig. 1. Solea vulgaris, ovum in the lenticular stage, and showing a few of the vesicles of the yolk 
| under the periblast. The cells of the blastoderm for simplicity have been omitted,  . x 50 
Fig. 2. Tail of late larval Anarrhichas in April, the margin being now crenate, and the vessels well 


developed, ; . x about 60 
Fig. 3. Vitelline circulation in the larval Anarrhichas on February 22, 1886, as seen a from the right 

Fig. 4. Salmon, 1 day old, . Slightly enlarged 
Fig. 5. Abnormal yolk-sac of salmon, Slightly enlarged 
Fig. 6. Salmon, 1 week old, | Very slightly enlarged 
Fig. 7. Yolk-sac of the salmon with the the an position. 
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Fig. 8. Salmon about a fortnight old. 

Fig. 9. Another example, slightly older, presenting differences in the outline of the yolk-sac and 
oil-globule. 

Fig. 10. Salmon, 1 month old, viewed from the dorsum. 

Fig. 11. Salmon, 5 weeks old, in profile. 

Fig. 12. Embryo of the gurnard (7rigla gurnardus), showing early optic vesicles and myotomes, 
also compound vesicles anterior and posterior to Kupffer’s vesicle, : 4 : x 50 


Puate XXIIL 


Fig. 1. Transverse vertical section (slightly oblique) of the head of the larval Anarrhichas, January 

23, 1886, through the optic lobes, = thalami, and anterior lobes: ovf, valve-like 

flap of the optic lobes, . x 40 
Fig. 2. Horizontal section through the anterior region of the same apecisa, February 20, 1886, show. 

ing the fourth ventricle, parachordals abutting on the oral end of notochord, pronephros, 

and other parts, , x 40 
Fig. 3. Transverse vertical section through the fore brain and the commencing ‘optic lobes, the 

thalamencephalic chamber opening into the ventricle of the fore-brain beneath: fm, 


flap of mucous membrane at the side of the mouth, March 16, 1886, _ . x 40 
Fig. 3a.Section somewhat behind the foregoing, showing the pineal gland and other parte, March 

16, 1886, x 40 
Fig. 4. Transverse vertical section thrdugh the infundibalum and lobi fnfielones : ms, sauacles ; ct, 

connective tissue, June 20, 1886, ‘ x 97 
Fig. 5. Transverse vertical section through the pineal veaion, showing the posterior comnniananel 

bands of fibres, June 20, 1886, . x 97 
Fig. 6. Transverse vertical (slightly oblique) section though the optie lobes and infundibelam of 

the same form, . . Magnified 
Fig. 7. Transverse vertical soutien of tip of ensul and through the setal pits of the ling. The 

anterior epiblast is in contact with the hypoblast, ‘ . : ‘ x 135 
Fig. 8. Caudal extremity and Kupffer’s vesicle of the embryo of Gadus pao tee , , x 45 
Fig. 9. Embryo of Gadus wglefinus, showing neurenteric canal, 9th day after fertilfeation,:. x 45 
Fig. 10. Larva of Solea vulgaris, posterior aspect of the globular yolk, with — vesicles in proximity 

to the mass of oil-globules beneath the trunk, . ‘ ; x 40 

Piate XXIV. 

Fig. 1. Longitudinal vertical section of the head of the larval Anarrhichas nearly in the median 

Fig. 2. Similar section on one side of the median ie . x 40 
Fig. 3. Transverse vertical section of the head of the same form havea the tori caniiinelene and 

commencement of the notochord, January 16, 1886, . x 52 
Fig. 4. Horizontal section through the anterior end of the fore-brain, with the lfctory bulbs 

(olb) and nerves (I.), June 20, 1886, . : x 52 
Fig. 5. Transverse vertical section of the brain of Anarrhichas, just behind the atiaten Pa 

traces of which are still present in the section, January 16, 1886, ‘ x 52 
Fig. 6. Similar section behind the former, showing the roof of the fore-brain, and the inferior 

fibres, fa, behind the optic tract, January 16, 1886, _ _.. x 52 
Fig. 7. Circulation of the yolk-sac in the advanced larval Anarrhichas feom the right aids, March 

Puate XXV. 


Fig. 1. Horizontal section through the heart and hyoid region of the larval Anarrhichas, March 29, 
1886 : chy, ceratohyal ; hhy, hypohyal, x 60 
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. Horizontal section through the branchial arches of the same form, April 20,1886. The ~~. 

branchial arches are indicated by the figures (Roman): bdr, basibranchial; injfp, 

inferior pharyngeals ; bp, branchial papille in section, x 52 
. Transverse vertical section through the abdominal region of the advanced larval Anar- 

rhichas, the hind-gut being severed just in front of the urinary vesicle, June 20, 1886, x 55 
. Similar section behind the foregoing, the termination of the hind-gut and the usieery 

vesicle being cut, May 1, 1886: J, remains of longitudinal ligament, . x 55 
. Similar section through the urinary vesicle and anus (a more advanced stage), J une 20, 

1886, . : x 97 
. Section posterior to the the urinary ond its aperture in a post larval 

form of the same date, . ‘ x 97 
. Section (transverse through the and vesicle in front of the 

Pirate XXVI. 

. Intestine of the larval ee showing the circulation from the left side, F — 

1886, . . x 40 
. Similar view from the same tm, seen from the right side, oheuicy 20, 1886, : . x 24 
. Transverse vertical section through the kidney of the same form at an advanced stage, June 

20, 1886, x 230 
. Transverse vertical section through the glomerales in . the same species, March 1, 

1886, . . Highly magnified 
. Transverse section of the potediond of a colton of the first day, thowleg nuclei ond noto- 

chordal investments, . ‘ 2 . Highly magnified 

Puate XXVIII. 

. Young Anarrhichas lupus reared in the St Andrews laboratory, May 14, 1886, _. x about 12 
. Circulation in the tail of the larval Anarrhichas, March 13, 1886, . ; , x 25 
. Caudal region of the advanced larval Anarrhichas, showing the constrictions of the noto- 

chord opposite the attachment of the neural and hemal arches, May 4, 1886, . ‘ x 24 
. Transverse section of the alimentary canal epi region) of the advanced larval Anar- 

rhichas, June 20, 1886, : : x 150 
. Transverse section of the cesophageal region ‘of the imenhtor nr with the cubueion end 

of the heart below, March 29, 1886, x 150 
. Transverse section of the same region of the canal, January 16, 1886, ‘ : . x about 60 

Pirate XXVIII. 


. Aboral termination of notochord and caudal circulation'in the larval salmon (Salmo salar), 


1 day old, ; . Magnified 


. Lateral view of the in the over the veuteal fin iz in larval of the 


same age, . Magnified 
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embryonic thickening very marked, ‘ x 50* 
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XX.—On the Thermal Conductivity and Specific Heat of Manganese-Steel. 
By A. Cricuton MitcHe tt, B.Sc. 


(Read 1st April and 1st July 1889.) 


INTRODUCTION. 


Until a few years ago it was the general opinion among metallurgists that the 
presence of manganese in steel exceeding the proportion of 1 per cent. is prejudicial to 
the value of the steel, inasmuch as a higher percentage of manganese has the effect of 
lowering markedly its tensile strength and toughness. But in 1884, Messrs HapFIELp 
& Company, of the Hecla Steel Works, Sheffield, exhibited, at a meeting of the Institute 
of Mechanical Engineers, a number of samples of steel containing upwards of 10 to 15 per 
cent. of manganese, and submitted the results of experiments, which showed that the 
samples were, in point of tensile strength and hardness, in no way inferior to steel. Again, in 
1888, Mr R. A. HADFIELD read to the Institute a paper on the subject, giving the details 
of a large number of tests, which brought to light some interesting mechanical pro- 
perties of alloys of manganese and iron. Since its introduction, these alloys (and 
particularly that containing 10 to 15 per cent. of manganese, known as “‘ manganese-steel ”) 
have been studied by several physicists, and further peculiarities have been found. It 
appeared desirable that the thermal conductivity of so peculiar a substance should be 
investigated. The present paper is an account of experiments made in the Physical 
Laboratory, Edinburgh University, with a view to the determination of its thermal con- 
ductivity. In the reduction of such experiments a knowledge of the specific heat is 
necessary, hence there is also given an account of experiments whereby the specific heat 
was determined. 


GENERAL PROPERTIES OF MANGANESE-STEEL. 


It will be well to give here a brief summary of the properties of this substance, so far 
as they have as yet been investigated. In the first place, the peculiar effects of the 
addition of varying percentages of manganese to steel must be noted. Mr Hapriep’s 
experiments on this point may be shortly summarised as follows :—Ordinary steel 
contains from 0°6 per cent. to 0°8 per cent. of manganese, besides the usual pro- 
portions of carbon, silicon, phosphorus, &c. If the proportion of manganese be increased 
to 2°5 per cent. a marked falling off in tensile strength takes place, the material becoming 
_ at the same time somewhat brittle and “ unsound”; if from 2°5 to 7°5 per cent. be 
present, the steel becomes exceedingly hard, the tensile strength is still lowered, and it 
becomes so brittle that small samples may be reduced to powder in a mortar; as the 
proportion of manganese increases to 10 per cent. the brittleness disappears, and the 
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material gains enormously in toughness and tensile strength, while the hardness which is 
so marked in the lower percentage is lessened. The same holds with higher proportions 
up to 25 per cent. Thus, taking into consideration as well the other properties to be 
immediately mentioned, we find that while iron and manganese alloys containing upwards 
of 7°5 per cent. of the latter present features more akin to those of steel, others with 
higher proportions, exceeding 7°5 per cent., have the entirely different characteristics of 
what is practically a new substance. As already mentioned, it is to that particular alloy, 


containing from 10 to 15 per cent. of manganese, that the name “ manganesc- 
steel” has been given. 


The chemical composition of manganese-steel varies, but the following may be taken 
as an average :— 


Carbon, , 0°85 per cent. 
Silicon, 0°23 


Its density is 7°83 ; practically the same as wrought iron. Its hardness is of a some- 
what peculiar nature. Thus, while to drill a hole in manganese-steel takes 15 or 20 times 
longer than in ordinary steel, and while it is hard enough to scratch any steel but the 
hardest-tempered, yet it may easily be indented by a blow from a hand-hammer. It is 
also strange that, being so difficult to drill, or to cut with a planing-tool, when subjected 
to a compression-load of 100 tons, cylinders of manganese-steel, 1 inch long, 0°75 inch 
diameter, were shortened 0°25 inch; while chilled iron cylinders of exactly the same 
dimensions, and under the same conditions, were scarcely altered. The tensile strength 
varies from 50 to 65 tons per square inch, according to the mode of treatment. Hard- 
drawn manganese-steel wire will, however, stand upwards of 110 tons per square inch. 
The tensile strength is greatly increased by the process known as “ water-toughening ’; 
2.€., raising the material to yellow heat, and immediately plunging it into cold water. 
The elongation under stress is much greater in this alloy than in steel of the ordinary 
kinds, being in some cases as much as four times. Steel with a tensile strength of 60 
tons per square inch seldom gives more than 10 per cent. elongation; while a similar 
bar of manganese-steel will give 50 per cent. elongation. 

When manganese-steel is subjected to the usual process employed in tempering steel, 
it behaves in an unusual manner. ‘ Water-toughening” makes it softer ; heating it, 
and allowing it to cool in air, hardens it; sudden cooling also increases its ductility. 
These effects are the reverse of what takes place in ordinary steel. 

One of the most peculiar features about this alloy is that it is almost non-magnetic ; 
a fact first pointed out by Mr Borromirey * and Dr Horktyson.t Since then, Professor 
Ew1nct has fully investigated its magnetic properties. He finds that its magnetic suscep- 


* B.A. Report, 1885, p. 903. + Phil. Trans., 1885, Part II. t B.A. Report, 1887, p. 587. 
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tibility is about g/gy° of that of iron, 2.e., only fractionally greater than that of copper, 
brass, or air; further, that it is constant; not undergoing any change corresponding to 
the ‘‘ breakdown ” in resistance to magnetisation which is found in the case of iron. 

From the experiments of various observers, it would seem that the electrical resistance 


of manganese-steel is about eight times that of iron, the temperature coefficient being one- 
third of that in iron. 


THERMAL CONDUCTIVITY OF MANGANESE-STEEL. 


Experimental Methods and Details—The bars upon which were made the experi- 
ments for the determination of the conductivity were kindly furnished, in the rough cast 
state, by Messrs Haprietp. The work of bringing them into the required shape and 
dimensions was one of considerable difficulty. It was at first attempted to reduce them 
to the desired rectangular section by planing, but this was found to be simply impossible. 
To begin with, only thick shavings could be taken off at each stroke of the planing-tool, 
which, when it did get a good grip, seemed rather to tear than to cut the material. 
Again, the planing-tools were soon all ruined, for, after a few minutes’ work, their edges 
were all but completely turned off. Thus, even with the best tempering of the tools 
possible, the process of planing was found to be useless. In this extremity, Messrs 
HaDFIELD were asked to supply a piece of manganese-steel of harder quality than that 
of the bar, with which to make a planing-tool, but in reply they stated that although 
this had been frequently suggested, it had not proved successful. In these circumstances 
recourse was made to grinding the bar down by means of an emery-wheel revolving at 
high speed. This method does not, of course, ensure the same uniformity of section that 
planing would du; but on testing very carefully the finished bar, it was found that 
the section was quite uniform enough for the purposes of the experiment. The dimen- 
sions of the long bar were 504 inches by 14 inch by 14 inch. Eight holes were drilled ix 
this bar for the thermometers, the first being 9 inches from one end, the others 12, 
15, 18, 24, 80, and 42 inches respectively from the same end. The holes were 14 inch 
in depth and 37 inch in diameter. The length of the short bar was 20 inches, its cross 
section being, of course, the same as that of the long bar. One hole of the same size as 
the above was drilled in the short bar, which was fitted with screw-eyes at the ends with 
which to support it on bearings while being heated. Both bars were finally nickel-plated. 

A sample of the turnings from the bar was analysed in Professor Crum Brown’s 
laboratory ; the following is the mean of two determinations :— 


Iron, . . . 87°56 per cent. 
Manganese, . ; 9-89 
Carbon, 1:30 
Silicon, 0°48 


The method of finding the conductivity was substantially that originally devised by 
Forzes, the only difference being that a shorter bar was used, with a cooling bath placed 
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either at its cooler end, or near its middle, on the cooler side of the fifth thermomieter. 
This was suggested by Professor Tair in his paper on “Thermal and Electric Conductivity,”* 
and first carried out in my experiments “ On the Thermal Conductivity of Iron, Copper, 
and German Silver.”t The advantages of this improvement were noticed in the latter 
paper. 

The thermometers employed in the experiments were, with one exception, the same, 
and were used in the same way as in Professor Tart’s and my own previous work. The 
single exception was that of the thermometer in hole A (7.e., that nearest the source of 
heat). This instrument was broken at the beginning of the experiments, but was replaced 
by another of exactly similar make and dimensions, and whose error was carefully ascer- 
tained. 

Of the eight holes in the bar, only five were used, those being first five reckoned from 
that end of the bar towards which they are closer together. These holes were, for con- 
venience, named A, B, C, D, E. The first four were separated by intervals of three 
inches ; the fourth and fifth by one of six inches. The cooling bath, through which a 
stream of water was kept steadily passing, was placed close to hole E. 

In all other respects the experiments were conducted on exactly the same lines as 
formerly, so that nothing remains to be said so far as details of experiment are 
concerned. 

Deduction of Conductivity.—The manner in which the readings of the thermometers 
are reduced, and from them the curve of stationary temperature excess constructed, has 
already been fully described in my paper quoted above. It has also been pointed out 
that this curve furnishes, so far, a test of the extent to which the experiments made on 
different days agree among themselves. Judged in this way, the experiments were very 
successful; the only discrepance being in connection with the readings of the thermometer 
next to the cooling bath. But that this should be so is not-at all surprising. 

The curve of stationary temperature excess being obtained, the next step is to find 
the value of the tangents to it at different points corresponding to different sections of 
the bar. This is best done by finding an equation between v (temperature excess) and 
x (position along the bar, reckoned from some arbitrary origin), which will represent the 
curve, and by differentiation finding the value of the tangent of inclination which is simply 


that of In my previous paper, two formule were given which have been used 


for this purpose. These were— 


= bga (A) 


where v and x have the above meaning, and where a, b, c, and e are constants. But for 
the present case, while either would with tolerable accuracy represent any small portion 


* Trans. Roy. Soc. Edin., vol. xxviii. + Trans, Roy. Soc. Edin., vol. xxxiii. 
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of the curve, neither was applicable throughout its whole length with that exactness 
which is necessary. Accordingly, the curve was treated in sections, each beginning with 
a point corresponding to one of the holes in the bar, and terminating in another corre- 
sponding to the next hole. Each part of the curve was, by addition to or subtraction 
from its ordinates, converted into a logarithmic. From a comparison of the observed 
and calculated values of v, it was found that the formula for these separate sections 
represented curves having a slightly greater curvature than the observational curve, and 
that the calculated numbers agreed better with the observed in the middle of each 


section. Hence the values of ed were nearer the truth when found for the middle of each 


section, were too high for the higher values of x, and too low for the lower values. But 


hy making the sections separately treated overlap one another, three values of = were 


obtained ; one too high, another too low; and a third, which always lay between these 
two, and was obviously near the true value. 

It must be noted that the data from which the constants in the empirical formule 
were obtained were the ordinates of points merely on the curve—not those particular 
points given directly by experiment. But the fact that the observations agreed remark- 
ably with each other, and that by using different temperatures at the source of heat, a 
considerable number of points were given directly by experiment, and all lying well on 
the curve, justifies the use of such points for data. 

The experiments on the cooling of the short bar were carried out, and also reduced 
in the usual manner. Hence little remark on this point is necessary, save the observa- 
tion that the curve of rates of cooling at different excesses of temperature exhibited no 
inclination to fall away, or show any point of contrary flexure. This, of course, is due 
to the precaution of raising the short bar to a temperature considerably higher than 
what is actually required to observe the cooling at any particular temperature excess 
reached by any of the thermometers in the long bar. 


Final Results.— 
Rates of Cooling of Short Manganese-Steel Bar. 


t 
Rate of Cooling. Rate of Cooling. 


5 0°05 110 1°55 
10 0°10 120 173 
20 0°21 130 192 
30 0°33 140 2°08 
40 0°45 150 2°27 
50 0°58 160 2°46 
60 0°73 170 2°67 
70 0°92 180 2°91 
80 104 190 3°14 
90 1:23 200 3°37 
00 139 


1 


} 
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The following table contains nearly all the substance of the further calculations, 
and sufficiently explains itself :— 


Area of Curve of | Area of Curve of | Area éoxmecbed for 


i Ex dv 
A 00 189°2 35°32 6°625 12°603 14°653 
B 0°25 108°2 20°29 3°321 5977 
C 61°7 11°86 1:636 2°656 2°841 
D 0°75 341 711 1:02 1:02 1-065 


From these data, it follows that the thermometric conductivity of manganese-steel is 
represented by the following numbers :— 


(1) From uncorrected areas, 


0° 1 00° 200° 
‘00221 ‘00254 ‘00287 
(2) From corrected areas, 
00233 00285 ‘00337 


It now remains to correct the values of the tangents and the areas of the curve of cooling 
for the error involved due to variable heating of the thermometer stems. The method by 
which this error is estimated and applied is detailed by Professor Tart in his introduction 
to my former paper. Applying this correction, the above results become— 


(1) From areas not corrected for change in specific heat, 


0° 100° 200° 
00211 ‘00246 00281 
(2) From areas corrected for change in specific heat, 
‘00219 ‘00272 00325 


For the purposes of comparison with the corresponding results for iron* (FoRBEs’ 
wrought iron bar, cooled midway), the conductivity of manganese-steel may be taken 
as above, the results being corrected for change in specific heat, and also for error due to 
unequal heating of thermometer stems. ‘The figures are as follows :— 


; 0° 100° 200° 
Manganese-steel,. . 00219 ‘00272 00325 
Iron, . ‘0119 01274 ‘01358 


Hence it appears that the presence of 10 per cent. of manganese in iron or steel 

lowers its conductivity at 100° to one-fifth, and that the rate of increase of conductivity 

with temperature is, in manganese-steel, little more than half the corresponding 

coefficient in iron. That such a proportion, comparatively small, of manganese should 

have such a distinct effect upon the conductivity of steel, is remarkable, and, while it 

is on a parallel with the other rather anomalous properties of this substance, it points 
* Trans, Roy. Soc. Edin., vol. xxxiii. p. 555. 
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to the extreme desirability of a thorough examination of the thermal conductivity of 


alloys, especially of those whose properties differ in a marked way from those of their 
components. 


Speciric Heat oF MANGANESE-STEEL. 


The method employed to determine the specific heat of manganese-steel was practi- 
cally that known as the “method of cooling”; one which is based on the fact that two 
bodies, whose surfaces are exactly similar in nature and extent, lose by radiation equal 
quantities of heat, when their excesses of temperature over that of surrounding bodies 
are equal. That their losses of heat, under such circumstances, due to the combined 
effects of radiation and convection, should be equal, it is necessary that the mode in 
which the two experiments are performed should be as nearly similar as possible; the 
same precautions. as to air-currents, and other influences tending to alter convection 
effect, should be adopted to the same degree in both. This was scrupulously attended to 
in the experiments, of which the following details may be given. 

‘'wo cubical masses, one of wrought iron, the other of manganese-steel, were obtained, 
the latter being a part of the same material as that out of which the bars for the con- 
duction experiments were made. They were made as exactly as possible of the same 
dimensions, the length of each edge being 13 inch. A circular hole, 1 inch in depth, 
42 inch in diameter, was drilled in each; the axis of the hole being perpendicular to, and 
in the centre of, one of the faces of the cube. ‘The surfaces of both cubes were made 
the same by the deposition on them of soot from the smoky flame of a paraffin lamp. 
One of the cubes was raised to a convenient temperature, say 300° C., by the flame of a 
Bunsen burner, and then allowed to cool, its temperature being noted at intervals by a 
thermometer whose bulb was inserted into the hole, which was filled up with a few drops 
of mercury to ensure good thermal contact of the bulb with the sides of the hole. The 
other cube was meanwhile placed at a distance, and used, by its thermometric indications, 
as a means of ascertaining the temperature of surrounding bodies. The thermometer 
employed for these cooling experiments was that used in the cooling experiments on the 
short bar in the conduction investigations ; its error was well known by comparison with 
carefully-constructed Kew standards. 

By such means the rates of cooling of both cubes were deduced from the observations, 
throughout a considerable range of temperature excess. Then, if m, m be the masses 
of the iron, and manganese-steel cubes, respectively ; c, c’, their specific heats; 1, 7”, their 
rates of cooling at the same given temperature excess, | 


mirc’ = mre, 


since each of these quantities represents the amount of heat lost in unit time at the 


given temperature excess. Hence 
mr 


Thus, if the specific heat of iron be known throughout the range of temperature used, 
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the other data along with it give the specific heat of manganese-steel. The specific-heat 
of iron may be taken as being 0°114 (1+°0014 ¢), most experimenters agreeing with 
this result. 

The following table embodies the mean results of ten experiments on each of the 
cubes. Temperature excess is in degrees Centigrade; rates of cooling in degrees 
per minute :— 


Rate of Cooling. 
Temperature Ratio of these 
Excess, Rates. 
Iron. Manganese-Steel. 

20 1:02 0°91 112] 

40 2°10 188 1117 

60 3°19 2°87 

80 4°41 3°97 1111 
100 1118 
120 792 6-45 1-119 
140 876 7°83 1118 
160 10°38 | 9°27 1119 
180 12°10 | 10°86 1114 
200 13°98 | 12°50 1118 
220 15°96 | 14°28 1117 
240 18°17 16°20 1121 

| 


The fourth column shows that the ratio of the rates of cooling of the two cubes is 
very nearly constant. The average value of these numbers may be taken for the 
purposes of calculation as being very near the truth. This average value is 1°117. 
Then the specific heat of manganese steel is— 


252-25 
~ 25925 


— 124 (1 + 0014 


x 1117 x 114 (1 + 0014 


Thus the specific heat of manganese-steel is about 1°087 times that of iron, and its rate 
of rise with temperature is the same as that in iron. 
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XXI.—Strophanthus hispidus: its Natural History, Chemistry, and Pharmacology. 
By THomas R. Fraser, M.D., F.R.S., F.R.S.E., F.R.C.P.E., Professor of Materia 
Medica in the University of Edinburgh. 


Part History and CueEmistry. (Plates L-VIL.) 


(Read 4th February 1889.) 
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HisTorIcaAL INTRODUCTION. 


The preliminary notices published by me in 1870 and 1872, on the action and 
chemistry of Strophanthus, indicated that it was likely to prove of value as a therapeutic 
agent ; and so early as the year 1874, I had applied the substance in a few cases to the 
treatment of disease. Before sufficient data, however, had been obtained to justify any 
conclusions regarding its value as a therapeutic agent, the observations were interrupted 
by my leaving Edinburgh to occupy a public office in England, in connection with which 
it was impossible to conduct observations on the treatment of disease. In 1879, oppor- 
tunities were again afforded to resume the interrupted observations, and results con- 
firmatory of the anticipations which had been raised by the earlier physiological observa- 
tions were gradually collected. The publication of a few of these results at the Cardiff 
meeting of the British Medical Association in 1885* has led to Strophanthus gaining a 
wide recognition as an important therapeutic agent, and to the production of numerous 
papers dealing with its botany, chemistry, pharmacology and therapeutics, not only in 
this country, but also in the continent of Europe and in America. 

In this paper I propose to give, with greater detail than has been attempted in the 


* British Medical Journal, vol. ii., 1885, p. 904. 
VOL. XXXV. PART IV. (NO, 21). 7G 
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previous communications, an account of the observations I have made on the general 
natural history, the chemistry, and the pharmacology (or physiological action) of Strophan- 
thus. Before doing so, it may be desirable to state what knowledge existed with regard 
to these departments of its study and consideration previously to the publication of my 
papers of 1870 and 1872; to reproduce some of the leading statements contained in these 
papers ; and to indicate the extent to which the knowledge regarding Strophanthus was 
increased during the period of fifteen years which elapsed between the publication of my 
paper of 1870 and of my subsequent paper read before the British Medical Association 
in 1885. 

Previously to the publication of my preliminary paper of 1870, the knowledge regard- 
ing Strophanthus consisted of several botanical descriptions of the plant; of notices by 
travellers of its use by African tribes, who had discovered its poisonous action, and had 
employed it as an arrow-poison in the chase, and apparently also in warfare ; and of a few 
brief references to some points relating to its physiological action. 

Interest was first attracted to the physiological action of this substance by the intro- 
duction into Europe of a few specimens of fruits and seeds reputed to be the source of 
a remarkable arrow-poison used in several parts of Africa, and termed in some districts 
the Kombé and in others the Inée poison. The physiologists who first examined the 
properties of this poison seem to have been SHARPEY, and Hitton FaGceE and STEVENSON 
of London, and PELIKAN of St Petersburg. 

SHARPEY'S experiments were made in 1862-63, but they were not published, as before 
his investigation had been completed my preliminary notice of 1870, briefly descriptive 
of the general results I had then obtained, was communicated to this Society, and, much 
to my regret, led SHarpey to refrain from publishing his observations, as they entirely 
agreed with those contained in my paper. From the notes of his experiments, which he 
afterwards very kindly sent to me, it is apparent that SHarpey had Getermined that the 
action of Strophanthus was characteristically that of a cardiac poison. 

On the 18th of May 1865, Hitton Faace and Stevenson stated, in a note appended 
to a paper communicated to the Royal Society of London, on the “ Application of Physio- 
logical Tests for Certain Organic Poisons,”* that the Manganja arrow-poison, obtained 
during the Zambesi Expedition by Sir Joun (then Dr) Krrk, acts as a “ cardiac poison.” 
By this expression they imply an action on the frog’s heart of the same kind as that 
produced by digitalin, Antiaris toxicaria, Helieborus viridis and niger, Scilla, and 
certain other poisons ; and, especially, that the heart is stopped with the ventricle “ rigidly 
contracted and perfectly pale.” 

In the same year, on the 5th of June, PéLiKan,t in a note communicated to the 
Academy of Sciences of Paris, pointed out that an extract obtained from the seeds which 
yield the Inée or Onage arrow-poison acts on the frog’s heart in the same way as digitalis 


* Proceedings of the Royal Society, vol. xiv., 1865, p. 274. 
+ “Sur un nouveau poison du cceur provenant de |’Inée ou Onage, et employé au Gabon (Afrique Occidentale) comme 
poison des fléches” (Comptes Rendus de l Académie des Sciences, tome lx., 1865, p. 1209). 
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and other similar cardiac poisons, but with greater activity. The heart’s beats were quickly 
arrested, with the ventricle in systole and with the auricles distended. This effect is 
attributed by him to an action on the nerve structures of the heart. He also states that 
his experiments were confirmed by VuLpran. P£LIKAN obtained the seeds from the 
Colonial Exhibition held in Paris in 1865, to which they had been sent by M. Grirron 
pu BELLay, a surgeon in the French Naval Service, who had obtained them in the Gaboon 
district of West Africa, where they are used by an elephant-hunting tribe (Pahouins) to 
poison their small bamboo arrows. 

In 1869, a few specimens of ripe follicles were presented to the Materia Medica 
Museum of the University of Edinburgh by the Rev. Horace WALLER, who had been a 
member of the Oxford and Cambridge Universities Mission of 1861-64, superintended 
by the late Bishop MackENnzig£, with whom had been associated, during the operations 
of the mission between the River Shiré and Lake Shirwa, the famous traveller Livinc- 
STONE and the enterprising botanist Kirk. The follicles were sent with the information 
that the seeds contained in them constituted the Kombé arrow-poison of South-Eastern 
Africa. Mr WALLER informs me that, at his suggestion, they had been brought to this 
country by Mr E. D. Younc, R.N., when he went to Africa in 1867, to clear up the 
story of Livinestone’s murder. Sir Ropert Curistison placed these follicles at my 
disposal for examination, and as in the course of time the insufficient material which 
they afforded was supplemented by some additional follicles sent to me by Professor 
SHARPEY and, afterwards, by Mr Jonn Bucuanan, I was enabled to determine the most 
important facts in the pharmacological action, as well as in the chemistry of the substance, 
some of which were communicated to this Society in February 1870, in the form of a 
preliminary notice, and published in the Proceedings of that year,* and also, with a few 
amplifications, in the Journal of Anatomy and Physiology of 1872.+ While the investi- 
gation was in progress, Sir Douctas Maciacan received from Sir Kirk a poisoned 
arrow, obtained from the same district of Africa as the follicles; and with this arrow I 
was enabled to determine that the poison possesses the same action as the seeds contained 
in the follicles, and thus to confirm the discovery already made by Kirk of the source of 
the arrow-poison.} 

My experiments were made on cold-blooded animals and on birds and mammals ; and 
the administration was effected by subcutaneous injection, and by introduction into the 


* Proceedings of the Royal Society of Edinburgh, vol. vii., 1869-70, pp. 99-103. 

t Journal of Anatomy and Physiology, vol. vii., 1872, pp. 140-155. 

t In a recently written letter (31st Oct. 1888) Sir Jonn Kirk thus graphically describes the discovery he had made 
in 1861 of the plant from which the Kombé poison is obtained :—“ The source of the poison, namely, Strophanthus 
Kombé, was first identified by me. 1 had long sought for it, but the natives invariably gave me some false plant, until 
one day at Chibisa’s village, on the river Shiré, I saw the ‘ Kombé, then new to me as an East African plant (I had 
known an allied, or perhaps identical, species at Sierra Leone (1858), where it is used asa poison). There climbing on 
a tall tree it was in pod, and I could get no one to go up and pick specimens. On mounting the tree myself to reach 
the Kombé pods, the natives, afraid that I might poison myself if I handled the plant roughly or got the juice in a cut 
or in my mouth, warned me to be careful, and admiited that this was the ‘ Kombé’ or poison plant. In this way the 
poison was identified, and I brought specimens home to Kew, where they were described.” 
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stomach and rectum. In the pharmacological portion of the preliminary papers ‘above 
referred to it was shown that—1. ‘‘Strophanthus acts primarily upon the heart, and 
produces, as a final result of this action, paralysis of that organ with permanence of the 
ventricular systole.” Experiments were quoted to support the view that it “‘acts in a 
powerful and direct manner upon the cardiac muscular fibre, greatly prolonging, in the 
first place, the contraction of these fibres, and ultimately rendering it continuous, and 
only to be overcome when relaxation occurs as a natural consequence of post-mortem 
decomposition” (p. 148); and that in frogs this action on the heart is independent of 
any influence exerted through the cerebro-spinal nervous system, as it occurs after 
destruction of the brain and spinal cord, and after division or paralysis by atropine, of 
the vagi nerves. It is added that sufficient data had not been obtained to warrant the 
assertion that no action is exerted upon the intra-cardiac ganglia (p. 149). 2. “ Pul- 
monary respiration continues in cold-blooded animals for several minutes after the heart 
is paralysed. 3. The striped muscles of the body are acted upon, twitches occur in 
them, their tonicity is exaggerated, and, finally, their functional activity is destroyed, 
the muscles being then hard, and, soon afterwards, acid in reaction. These changes are 
accomplished subsequently to the final effect on the heart. They are the result of direct 
contact of the substance with the muscles themselves, and are independent of the action 
on the heart, as well as of any changes that occur in the physiological condition of the 
cerebro-spinal nervous system. 4. The reflex function of the spinal cord is suspended 
soon after the heart is paralysed, but the motor conductivity of the spinal cord and of 
the nerve trunks continues after the striped muscles are paralysed. 5. The lymph 
hearts of the frog continue to contract for many minutes after the blood heart has been 
paralysed.” 

The papers also contain a description of the botanical source and distribution of the 
arrow-poison and of some of the characters of the plant from which it is obtained, especially 
of its follicles and seeds, and of the more important of the chemical constituents of the 
seeds. It is also stated that the seeds contain a large quantity of an inert fixed oil and 
an active principle of crystalline form, for which, in accordance with the terminology at 
the time adopted in this country to distinguish neutral or glucosidal active principles 
from alkaloids, the name Strophanthin, characterising a glucoside, was proposed. This 
strophanthin was further stated to act in the same way as the extract from the seeds 
(p. 142). 

In the interval of fifteen years that elapsed between the publication of my preliminary 
papers and of the communication to the British Medical Association, in which the thera- 
peutic uses and value of Strophanthus were pointed out (1870-1885), only two papers 
were published on Strophanthus.* 


* In 1870, however, M. Lecros, at meetings of the Société de Biologie, on the 14th and 21st of May, exhibited 
frogs under the influence of the Inée poison derived from arrows used at the Gaboon, in order to show that 
the heart is arrested by it, with the ventricle in systole; and at the latter meeting, M. Berr stated that he had 
observed similar effects in cats under the influence of the same poison (Comptes Rendus de la Société de Biologie, 1870, 
pp. 81 and 84). 
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The first of these is an admirable essay by MM. PotarLion and CarviLLg, published 
in the Archives de Physiologie of 1872.* It contains much interesting information 
regarding the Strophanthus used in the Gaboon as an arrow-poison, and known there, as 
well as in other districts of West Africa, as the Inée, or Onaye, or Onage poison; but 
the greater part of it is occupied with a full description of an experimental investigation 
on the pharmacology of the seeds of the Strophanthus plant. These authors especially 
examined the action on the heart, on striped and non-striped muscle, and on the cerebro- 
spinal nervous system. Their results altogether harmonise with those I had already 
published in the preliminary papers. The most important of them are summarised by 
MM. Po.arLion and CaRVILLE in the following statements :—It acts on the heart, and 
produces death by paralysing this organ (p. 550). The ventricles are never arrested in 
diastole ; they are always contracted in systole (p. 705). The action on the heart is not 
produced through the brain, medulla, nor spinal cord (p. 697), but by an effect on the 
muscular fibre of the heart (p. 704). Inée acts on the muscular fibre, striped and 
smooth, of which it rapidly destroys the contractility ; but it does not appear to act on 
the nervous system nor on the peripheral blood-vessels. It is essentially a muscle 
poison. It has no action, or only a secondary action, on the other organs (p. 695). 
MM. Po.arLiLon and CaRVILLE also state that the Inée poison produces no effect on the 
sea medusa, a creature unprovided with a central contractile organ for the circulation 
(p. 707). 

The second paper which appeared between the years 1870 and 1885 was that of MM. 
Harpy and GALLois on the active principle of Strophanthus hispidus, published in 
1877.t The two chief statements contained in this paper are, that the seeds of Strophan- 
thus contain an active principle which is not a glucoside (“ne rentre point dans le groupe 
des glucosides ”),t and that the comose appendages of the seeds contain a crystalline sub- 
stance for which the name “Inéine” is proposed. This “ inéine” is stated to give the 
reactions of an alkaloid, but to be destitute of any action on the heart, and, apparently, 
of any physiological action whatever. 

In the process adopted by them for separating the active principle of the seeds, 
Harpy and Gators unfortunately used alcohol acidulated with hydrochloric acid. By 
so doing, they necessarily failed to separate the true active principle, which, as I have 
shown, is a glucoside easily decomposed by acids, even at an ordinary temperature ; and 
they, therefore, obtained only a decomposition product of the glucosidal active principle 
—the body, in fact, since described by me as strophanthidin. 

In reference to the alkaloid, believed by them to exist in the comose appendages of 
the seeds, subsequent observers, working with much larger quantities of material than 
they were able to obtain, have not been successful in discovering its existence. In the 
chemical portion of this paper I shall have occasion to point out that, even when one pound 


* Tome iv. pp. 523 and 681. 
+ Journal de Pharmacie et de Chemie, t, xxv., 1877, p. 177. 
Loc. cit., p. 179. 
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of the comose appendages is manipulated, no alkaloid could be detected in the products 
that were obtained. 


To summarise this historical sketch, in so far as it relates to the pharmacology and 
chemistry of Strophanthus, previously to the publication of my papers of 1870 and 1872, 
only two brief notices appeared on its pharmacological action, both of which dealt merely 
with the nature of the action on the heart; while during the interval of fifteen years 
that elapsed between the publication of my first paper and the subsequent communication 
of 1885, one paper of much interest, though adding but little to the existing knowledge, 
was published on the pharmacological action, and also only one paper on the chemistry 
of Strophanthus, which, however, did not advance the knowledge of the chemistry of the 
subject. 

Following upon the publication of the paper of 1885, on the therapeutical applications 
of Strophanthus hispidus, the literature of the subject has, however, very rapidly 
increased, and it now embraces upwards of a hundred separate papers. 

Until 1885, also, Strophanthus, elsewhere than in Africa, was a mere curiosity, repre- 
sented in a few museums by specimens of its flowers, follicles, or seeds. Since that 
time it has become a not inconsiderable article of commerce, several tons of seeds having 
been exported from Africa by London merchants alone, in order to supply the require- 
ments of medical practice. 


A. NATURAL HISTORY. 
1. Use mn AFRICA AS AN ARROW-POISON, AND DeEscrIPrion oF ARROWS. 


In nearly every narrative of exploration in uncivilised tropical regions accounts are 
given of poisonous substances, which in many instances are stated to possess remarkable 
properties. Usually these poisons are of vegetable origin, and nearly all of them may be 
included in the two great divisions of Ordeal and of Arrow poisons. Among the most 
interesting of the Ordeal poisons are the Physostigna venenosum, and the Akazga 
or Akaja, or M’boundou of West Tropical Africa; the Sassy, or Muave, or Casca 
_(Erythrophleum) of wide distribution over Africa; and the Tanghinia venenifera of 
Madagascar: and of the Arrow poisons, the Antaris toxicaria and Strychnos Tieuté of 
Java; the Aconitum ferox of China and India; and the famous Wourali or Curare poison 
of South America. 

As I have previously stated, it is also to the enterprise and discriminating observation 
of explorers and missionaries that we are indebted for the interest in the Kombé arrow- 
poison, which has led to the examination of its properties and to the appreciation of its 
value as a therapeutic agent; and several of them have collected valuable as well as 
curious information regarding it. 

Dr LrvinestonE, describing the employment of poisoned arrows for killing buffaloes 
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by the tribes inhabiting the banks of the Mukuru-Madsé, a tributary of the Shiré River, 
states that “the animals are wary, from the dread they have of poisoned arrows. . . . . 
The arrow making no noise, the herd is followed up until the poison takes effect, and 
the animal falls out. It is then patiently watched til] it drops—a portion of meat round 
the wound is cut away, and all the rest eaten. Poisoned arrows are made in two pieces. 
An iron barb is fastened to one end of a small wand of wood, ten inches or a foot long, 
the other end of which, fined down to a long point, is nicely fitted, though not otherwise 
secured, in the hollow of the reed which forms the arrow shaft. The wood immediately 
below the iron head is smeared with the poison. When the arrow is shot into an animal, 
the reed either falls to the ground at once, or is very soon brushed off by the bushes ; but 
the iron barb and poisoned part of the wood remain in the wound. If made in one piece, 
the arrow would often be torn out, head and all, by the long shaft catching in the under- 
wood, or striking against trees. The poison used here, and called Kombn, is obtained from 
a species of Strophanthus. . . . . [tis possible that the Kombi may turn out a valuable 
remedy. .... There is no doubt that all kinds of wild animals die from the effects of 
poisoned arrows, except the elephant and hippopotamus. The amount of poison that 
this little weapon can convey into their systems being too small to kill those huge beasts, 
the hunters resort to the beam-trap instead.”* One of the arrows referred to by Dr 
LIVINGSTONE is represented in Plate I. fig. B. 

According to Sir Jonn Kirk, “one poisoned arrow is said to be sufficient to kill a 
buffalo, but half a day is required for the poison to act. Probably the mechanical state 
of the poison causes this; for the poison composition is hard, and will require time to be 
absorbed into the system from the wound. The hippopotamus is killed by it, but the 
quantity needed seems to be about thrice that on an ordinary arrow. It is driven through 
the thick skin of the animal by being placed on the barbed head in the lower end of a 
beam of wood, which falls from a height as the beast passes underneath a trap. The 
poisoned head is driven well in by the big end of the beam, and is left to act, which it is 
said to do in about half a day.” t 

The Rev. Horace WALLER, who was a member of Bishop Mackenzir’s Expedition, 
‘informs me that in May 1863 he was presented with some pods of the Kombé poison at 
Chibisa’s village, on the Shiré river, by a chief named Dakanamoio.{ This chief, at the 
same time, stated that the manner of preparing the poison was “to gather the pods when 
green, cut off the outside rind, then expose them to the sun till dry, when the seeds 
were taken out, pounded, mixed with red clay, and the mixture, which is a red paste, 
packed round the arrow.” Mr WALLER also states “that in time of war it is common 
for the people of a village to place a quantity of the thistle-down appendage about the 
entrances, to warn the enemy that the villagers have been busy smearing their arrows.” 

I am indebted for much valuable information to Mr Jonn BucHANnan, at present 


* Narrative of an Expedition to the Zambesi and its Tributaries, 1858-1864, by Davip and CHARLES LIVINGSTONE, 
1865, pp. 465-467. 
+ Unpublished letter to Dr SHarpey, dated 1st January 1864. 


t Mr WaLLER subsequently gave these pods to Sir Joun Kirk, who brought them to England in 1863. 
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Acting-Consul in the Nyassa district, and formerly associated with the Blantyre Mission 
of the Church of Scotland. In a letter, dated 8th May 1885, he informs me that “the 
Strophanthus plant is widely known amongst the natives at Blantyre and the surrounding 
districts as the most powerful poison they have. It is called ‘ Kombe’ by the Manganja 
and ‘ Likombe’ by the Wayao tribes. I hardly think it is to be found in large quantities. 
At the chief's village a small quantity may generally be got, for a parcel is always kept 
in the chief's verandah in case of emergency, along with a number of poisoned arrows, 
ready to be used against an enemy. Formerly, game was often killed by arrows poisoned 
with Strophanthus. The flesh round the wound was cut out and thrown away, and the 
remainder eaten, but the precaution was always taken to boil the meat...... In 
preserving the Strophanthus, the follicles are taken from the plant before they are 
quite ripe, and the outer covering is scraped off. A number of follicles are tied together 
with palm leaves, so that they may not open when put out to dry in the sun. So far as 
I am aware, only the seeds are used.” 

In a letter, dated 28th June 1881, Mr BucHanan thus describes the method followed 
in preparing the poison for arrows :—‘‘ A man breaks a follicle, and puts the seeds with 
wool attached into a pot. He then takes a small piece of bamboo, which has two thin 
splints inserted crosswise in the end, and he revolves this speedily by rubbing it between 
his hands. The seeds are thus put into motion and fall to the bottom of the pot, and the 
wool rises and comes out at the top, and is carried away by the least breath of wind. 
The seeds are then put into a small mortar and pounded into a paste, which is then ready 
for use. It is common to mix the milky juice of a Euphorbia with it to make it stick 
on the arrow.* . . . . Poisoned arrows are used in their wars with deadly effect.” 

During his residence in the Gaboon district of West Africa, Dr Vincent found that 
the Pahouins or Fans, a warlike tribe inhabiting the banks of the rivers falling into the 
estuary of the Gaboon, employ a kind of cross-bow with which they shoot small bamboo 
arrows that are smeared at one end with a poison called “‘ Inée” or “Onaye.” This 
poison was subsequently discovered to be derived from the fruit of a Strophanthus.t 

M. ExnRMANN, a merchant of Tchimbié, in the Gaboon country, states that while 
the Pahouins or Fans, inhabitants of the interior, term the arrow poison “ Inée,” 
the Gabonais, inhabitants of the coast, term it ‘‘Onaie.” The poison is prepared by 
drying the pod, removing and pounding the seeds, and forming a paste with water. This 
paste is used to smear arrows, and also small pieces of iron which are discharged from 
firearms. M. Exnrmann further states that the inhabitants of the West Coast have 
largely replaced their bows and arrows by firearms, and that therefore the arrow-poison 
is now chiefly used by the inhabitants of the interior.{ 


* Ina letter to Messrs BorrovuGHs and WELLCOME of London, of later date than the above, Mr BucHANaAN states that 
the paste for the arrows is made by mixing the pounded seeds with water, and, to confer adhesiveness, with the juice 
from the bark of a species of Liliacee. He also states that before the flesh of an animal killed with poisoned arrows is 
eaten, the sap from the bark of the Baobab tree is put into the wound made by the arrow, as it is believed to neutralise 
any poison that may remain in the wound. 

t Archives de Physiologie normale et pathologique, tome iv., 1871-72, p. 524. 

t Bulletin Général de Thérapeutique, tome cxiii., 1887, p. 529. 
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References to the use of poisoned arrows in Africa occur in the writings of many other 
travellers and explorers, but in most instances the effects of the poison, and the source 
from which it is derived, are not described with sutticient definiteness to render it 
possible to identify the poison.* 

Only a few poisoned arrows have as yet reached this country from Africa, owing, 
probably, to some extent to the difficulties of carriage, but certainly much more to the 
reluctance of the natives to place poisoned arrows in the possession of Europeans. I 
have, however, been able to examine arrows of eight different forms obtained from 
various parts of Africa. Two of them were given to me as specimens of arrows the 
poison of which was known to be the Kombé poison, or Strophanthus. Of the others, 
either no knowledge of the poison existed, or it was believed to be derived from plants 
other than Strophanthus. A few details regarding these arrows may prove of interest. 

Arrow A (see Plate I.).—Arrow in the Materia Medica Museum of the University of 
Edinburgh. One of four tied together, and labelled ‘‘ Poisoned arrows from the interior 
of Africa, poison unknown.” The label has unmistakably been written by Sir RoBert 
CHRISTISON, but there is no further information to be found in the Catalogue of the 
Museum. This arrow has a total length of 38inches. It has a shaft made of bamboo cane 
34 inches in length, with a deep notch for the bowstring, and with eight narrow feathers 
commencing 1% .inch above the notch, and extending 12 inch along the shaft. The 
arrow-head is a formidable-looking weapon made of iron, which is inserted into a hollow 
in the cane and secured by a cord, apparently consisting of animal tendon, tied round 23 
inches of the cane. The portion of the head not inserted in the cane is almost 4 inches in 


* Burton (The Lake Regions of Central Africa, 1860, vol. ii. p. 305), for example, states that the Wanyika of 
Mombasah, the Wazaramo, the Wak’hutu, the Western Wasagara and the people of Uruwwa use poisoned arrows in 
warfare, and that the poison is extracted by the Wazaramo and the Wak’hutu from a plant called Mkande-Kande. They 
sold the poison at an exorbitant price, “ but avoided pointing out to the Expedition the plant, which from their descrip- 
tion appears to be a variety of Euphorbia.” Scuwetnrurts (The Heart of Africa, translated by ELLEN E. Trewer, 
1878, vol. i. p. 140) asserts that the Bongo tribe of Central Africa poison their arrows with the milky juice of one of the 
Euphorbiz (venifica). Tomson (To the Central African Lakes and Back, 1881, vol. ii. pp. 40, 139) describes encounters 
in which he was threatened with poisoned arrows at Kwakissa, and by a Maranga chief. CamErRon (Across Africa, 
1885, pp. 59, 242, 291) refers to the employment at Ugambo and Mombassa of poisoned arrows, neatly covered with 
banana leaves, for killing elephants; to the natives at Nékéto, on the Kaga, possessing arrows deeply barbed and 
poisoned ; and to the inhabitants of Ulegga using poisoned arrows for which they had an antidote. Montagu Kerr 
(The Far Interior, 1886, vol. i. p. 29) states that the Masarwa bushmen carry small bows and bark pouches containing 
poisoned arrows, the points of which are made of bone or iron, and the poison is the concentrated milky juice of 
Euphorbia arborescens. And Farini (Through the Kelahari Desert, 1886, pp. 332, 253) gives a description of the pre- 
paration of the poison for arrows from the milky juice of a large bulb mixed with serpents’ venom, and states that 
poisoned arrows are used by the M’kabba, a pigmy tribe, and by the Orange River bushmen. 

Further, I am indebted to Dr FELKIn for several small arrows, designated “ Tikki-Tikki or Akka arrows,” obtained 
by him at Rohl Bahr-el-Ghazal, a province of Central Africa, north of the Equator. They are from 184 to 20 inches 
in length, and are furnished with iron heads, of which the straight portion is hollow, and fits on to the end of the 
wooden shaft, and the true head is oval or obovate, and in some of the arrows provided with wire-like spikes at the 
base. The poison is applied by dipping the whole head, including the straight part, into a dark brown gummy fluid, 
stated to be derived from a Euphorbia, which seems to be afterwards removed from the outside of the iron head, as it is 
found only on the inside of its hollow straight portion, and on the wood of the shaft covered by it. The thin wooden 
shaft has no feathering, but its extremity is cut into a circular disc of greater diameter than the rest of the shaft, showing 
apparently that the arrows are projected from a blow-tube. They are reputed to be very active, and are said to be used 
in warfare as well as for killing game. 
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length; its straight portion is furnished with two curved and strong spikes pointing 
downwards and having sharp points; and the true arrow-head is 2} inches long, 
elegantly shaped, with a fine tapering extremity and sharp barbs, and with one, lateral 
half of each surface concave and the other convex. The poison covers, in a layer of from 
kth to +th of an inch in thickness, the whole of the exposed straight portion of the 
barb and the two spikes projecting from it, and also the true arrow-head with the 
exception of its point and edges. This poison is of a dark greyish-brown colour, and 
is earthy, though rather tough, in consistence. Only a small portion of it is soluble in 
water, the solution being faintly acid, bitter, and of a light sherry colour; the remaining 
undissolved portion appearing under the microscope as a granular débris in which frag- 
ments of vegetable tissue, numerous pieces of vegetable hairs, and oil globules could be 
distinguished. 

When examined chemically, the poison produced with solution of potash a faintly 
yellow fluid, in which pinkish or brownish particles were suspended ; and when heated 
between 116° and 120° F. along with 10 per cent. sulphuric acid, it gradually acquired 
a greenish colour, which passed into light brown. 

When 0°1 grain was thoroughly mixed with four or five drops of distilled water, a clear 
almost colourless solution was obtained, having a slightly bitter taste. This solution was 
injected under the skin of a frog weighing 420 grains, and it produced the disorders of 
motility, fibrillary twitches of muscles, and paralysis of respiration, which are observed 
under the action of Strophanthus. The heart was exposed one hour and forty-five 
minutes after the poison had been injected, and it was found to be in complete standstill, 
with the ventricle small and mottled, and the auricles dark and somewhat distended; 
and mechanical irritation applied to the ventricle and auricles failed to excite movement 
of any part of the heart. For some time after complete paralysis of the heart, active 
general reflex movements could be excited by slight irritation. 

Arrow B (see Plate I.) is one of the four tied along with arrow A, and its form is the 
same as that of other two of these four arrows, and altogether different, as the illustration 
shows, from the fourth arrow, or arrow A. Arrow B also closely resembles the arrow already 
referred to (pp. 957 and 961) as having been obtained in Bishop MAcKEnzir’s Expedition, 
and described by Livinestone.* This circumstance probably indicates that the arrows A 
and B had also been obtained from the neighbourhood of the River Shiré or of Lake Shirwa. 

Arrow B is 37 inches in length. The cane portion of the shaft has no feathers, but 
they seem to have been removed along with several inches of the extremity of the shaft. 
The head is of iron, and consists of a long nearly straight portion inserted into a hollow 


* An illustration has not been given of this arrow, as it is the same in every important detail as arrow B. The 
physical characters of the poison are also the same, and it also consists structurally of fragments of vegetable tissue, 
amorphous yellowish-brown granular matter, oil globules, and incomplete vegetable hairs. The solution obtained by 
macerating and triturating one-tenth of a grain with water, somewhat quickly produced, in a frog weighing 329 grains, 
muscular weakness, gaping movements of the mouth, fibrillary twitches, and stoppage of pulmonary respiration. Thirty- 
six minutes after the solution had been injected, the exposed heart was found to be motionless, with the ventricle con- 
tracted, and the auricles large and dark, and no movement of the heart could be excited by mechanical irritation, 
although general, but feeble, reflex movements still followed irritation of the skin. 
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in the cane, where it is secured by a cord made of tendon wound round the end of the 
cane, and of a relatively small barbed head. The poison has been abundantly applied to 


the straight portion of the iron head, as it surrounds it for a length of nearly 54 inches | 


in a layer of about y',th of an inch thick; and it has the same appearance as in arrow A. 
The barbed head is rather more than 1} inch in length; it has not the elegant tapering 
form of the barbed head of arrow A, but like it, one of the two wings on each surface is 
concave and the other convex. 


The poison is dark brownish-red on the outside, and paler, with a faint pinkish hue, in 
the interior ; and it is rather tough in consistence, and earthy in structure. It also is — 
only partly dissolved by water, forming a nearly colourless acid solution; and the un- | 
dissolved portion was found, under the microscope, to consist of fragments of vegetable | 


tissue, numerous pieces of broken hairs, granular particles, and oil globules. When mixed 
with solution of potash, the fluid part became faintly yellow, having reddish particles 
suspended in it, and when heated gently with 10 per cent. sulphuric acid, it slowly 
became green, and afterwards dark brown. One-tenth of a grain rubbed with a few drops 
of water yielded a nearly colourless clear solution, which produced, in a frog weighing 
310 grains, the same symptoms as the poison from arrow A. One hour after administra- 
tion, the exposed heart was found to be motionless, even when irritated ; and the ventricle 
was small and mottled in colour, and the auricles were dark and distended. Active 
general reflex movements were obtained fifteen minutes after the heart had been exposed. 

Arrow C (see Plate I.).—This arrow is one of two of exactly the same form, kindly 
given to me by Dr FELKIN, along with other two arrows having the form represented in 
Plate I. fig. D. 

Arrow C was brought from a district 75 miles N.N.W. of Zanzibar, by Dr FEeikry, 
and it is reputed to be poisoned with the same substance as arrow D, namely, the poison 
contained in the packet J, afterwards to be described. 

The total length of the arrow is 31 inches, and of this length about 293 consists of 
the shaft. The latter is in two unequal pieces spliced together ; one piece, carrying the 
feathering, being about 204 inches long, and the other, having the head attached to it, being 
about 94 inches long. Both pieces of the shaft seem to be made of the same wood, which 
is about 2ths of an inch in diameter, light, nearly white in colour, and smooth on the 
surface. The shaft has three narrow parallel feathers 13 inch long, lashed on to the 
shaft 14 inch from the bowstring notch. The head of the arrow is made of iron, and 
its straight portion is inserted for {th of an inch into a split made in the wooden shaft, 
where it is secured by the shaft being lashed for 4 an inch with cord. About } inch only 
of the straight portion of the head is exposed. The barbed portion is about 14 inch in 
length, unsymmetrical, and somewhat rudely finished, and both wings of it are flat. The 
whole of the barbed head and of the short exposed portion of the straight piece of iron is 
irregularly covered with a thin dark brown incrustation, stated to be the poison, which 
adheres tenaciously to the head. 

On scraping the head with a knife, it was only with difficulty that a small quantity of 
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a hard gritty powder, of dark colour, could be removed, which appeared under the mhicro- 
- scope to consist merely of irregular structureless particles. When the powder was macerated 
and then triturated with water, a yellowish-brown nearly tasteless solution was obtained, 
but the greater part of the powder remained undissolved. The solution thus prepared 
from one-tenth of a grain, along with as much as possible of the undissolved substance, 
was injected under the skin of a small frog, but it failed to produce any obvious effect. 
The experiment was repeated with one-fifth of a grain of the scraped substance, and the 
result was also entirely negative. | 

Dr FELKIN was good enough to place at my devel other three of the same arrows. 
On steeping the three heads in distilled water for twenty-four hours, a nearly clear pale 
yellowish-brown solution was obtained, which, on being evaporated to dryness at 100° F., 
left a pale reddish-brown residue, weighing only 0°15 grain. This residue was dissolved 
in 4 minims of distilled water, and injected under the skin of a frog weighing 326 grains ; 
but, as in the previous experiments, no symptoms were produced. 

If these arrows, therefore, had originally been poisoned with the same substance as 
arrow D, which is undoubtedly active, the poison had by some means been removed from 
them. 

Arrow D (see Plate I.).—This arrow is one of two exactly alike, also very kindly 
given to me by Dr FELKIN, and brought by him from the Wanyika country near 
Mombasa, on the east coast of Africa, north of Zanzibar. The arrow is 29 inches in 
length. The shaft is made of a nearly white, fined-grained, light wood: it is smooth and 
round, 234 inches in length and ,8;ths of an inch in diameter; and is provided with 
three rather broad feathers, each nearly 2 inches long and 4 an inch wide, which are 
neatly lashed to the wooden shaft, immediately above the bowstring notch. The head 
is made of iron, and consists of a straight portion, merely inserted, without any lashing, 
for 1 inch into a hollow in the wooden shaft, and of a small barbed head, unsymmetrical, 
and unprovided with any grooving on the wings. The poison is smeared round the straight 
portion of the head, which is 4 inches long and ,';ths of an inch thick, and it is pro- 
tected by a covering of skin (like kid) carefully coiled round the whole of the head. The 
poison is of a greyish-black colour on the surface, and black and resin-like in the interior.* 
When a little water is added to it, a reddish-brown clear solution is soon produced, which 
in a few hours becomes very dark in colour and opalescent. The solution has a faintly acid 
reaction, but no distinct bitterness. On microscopic examination, the poison was found 
to consist of an abundance of vegetable cells and fibres, numerous oil globules, some 
amorphous yellowish granular matter, and a few fragments of vegetable hairs. With 
solution of potash it almost entirely dissolved, and became of a dull orange colour, and 
with 10 per cent. sulphuric acid it became light brown, and then, on being heated be- 
tween 116° and 118° F., reddish-brown—the latter colour continuing for twenty-four hours. 


* An arrow almost identical with this one was shown to me by the Rev. Ep. H. Baxter, of Mpwapwa, who had 
obtained it from the Wakamba, a tribe of elephant hunters inhabiting a district adjoining that of the Wanyika tribe 
The arrow is stated to be used in warfare also. 
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When the watery, solution obtained by triturating one-tenth of a grain with 4 minims 
of distilled water was injected under the skin of a frog weighing about 400 grains, 
symptoms appeared similar to those observed with toxic but non-lethal doses of Stro- 
phanthus, and the frog afterwards recovered. When, however, the watery solution from 
one-fifth of a grain was injected under the skin of a frog, weighing 320 grains, the 
peculiar attitude, the gaping movements of the mouth, the fibrillary twitches of muscles, 
the slowing of respiration, and the general feebleness of voluntary muscles observed in 
Strophanthus poisoning manifested themselves; and on exposing the heart, forty-two 
minutes after the administration, it was found to be motionless and inexcitable by 
mechanical irritation, and to present the usual appearance of a heart poisoned by 
Strophanthus. General reflex movements could be produced for many minutes 
after the heart had ceased to contract, and they were, indeed, particularly sudden 
and shock-like in character, even when the animal was flaccid and incapable of 
performing any voluntary movements; but no reflex contractions could be excited by 
succussion. 

Packets or Bags of Wanyika Arrow-Poison, J (see Plate II.).—The poison for 
arrow D, and it is stated also for arrow C, is stored ready for use in cylindrical packets 
or bags, constructed of three layers of palm leaf. Iam further indebted to Dr FELKin 
for two specimens of unbroken packets, and also for a separate irregular-shaped, dark, 
resin-like piece of a substance reputed to be the same poison. One of the packets is 
represented in fig. J of Plate II. It weighs 834 grains, and the other packet 732 grains. 
Each packet is neatly tied round and secured at the ends with a cord, which, at one of 
the ends, is continued into a loop for suspending the packet. 

The poison is of a dark brown, nearly black colour, and is hard but yet slightly plastic. 
A small portion put into a few drops of water sank to the bottom, and at once began to 
dissolve, the solution being at first clear and pale brown in colour, but afterwards dark 
brown and opalescent, from suspended minute brown particles. The solution was 
slightly acid in reaction, but in small quantity it was not distinctly bitter. When the 
opalescent fluid was examined microscopically, it was found to consist chiefly of minute 
yellowish-brown granules, and of small masses composed of these granules, mingled with 
which were a very few fragments of vegetable tissue and apparently of vegetable hairs. 
It almost entirely dissolved in solution of potash, forming a deep gamboge-yellow solu- 
tion, which very soon became brownish-yellow; and when heated with 10 per cent. 
sulphuric acid at a temperature of 110° to 120° F., it became at first light brown, then 
darker brown, and afterwards brown with a faint violet hue. 

One-tenth of a grain mixed with 3 minims of distilled water was injected under the 
skin at the left flank of a frog weighing 440 grains. The frog soon moved about 
uneasily, some froth was produced in the glass chamber in which it was confined, the 
respirations became infrequent and then ceased, the pupils contracted, fibrillary twitches 
occurred at the flanks and back and subsequently in the posterior extremities, and the 
movements became greatly impaired. When the frog was lying flaccid and resting on 


| 


968 DR THOMAS R. FRASER ON STROPHANTHUS HISPIDUS. 


the chest, it was placed, one hour and nine minutes after the administration, on the’back, 
and it remained in this position after a few feeble struggles ; and while in this position, 
careful inspection failed to reveal any cardiac movement. One hour and thirty-two 
minutes after the administration, the heart was exposed and found to be motionless 
and inexcitable, with the ventricle small and pale on the anterior surface and dark on 
the posterior surface, and with the auricles large and dark. At this time the pupils were 
small, and the skin much paler than before the experiment. Irritation of the skin over 
the nates caused reflex movements for ten minutes subsequently, when the observations 
were discontinued. 

Half-a-grain of the same poison, dissolved and suspended in four minims of water, 
was injected under the skin of a frog weighing 438 grains. Similar symptoms to those 
last described made their appearance, with the addition of prolonged gaping movements 
of the mouth. In fifteen minutes, the frog remained on the back, and no cardiac move- 
ment could be detected. The exposure of the heart was purposely delayed in order to 
see if any symptoms of a spasmodic description, or any evidence of reflex exaggeration 
would appear, but they were not detected. The heart was exposed one hour and twenty- 
five minutes after the injection of the poison, and it was found to be motionless and 
inexcitable, with the ventricle small and mottled, and the auricles large and dark; but 
spinal reflex movements could still be obtained on irritation. A few minutes afterwards, 
it was found that a section of the ventricle and also a section of the vastus externus 
muscle was acid in reaction. 

Rather less than two minims of the dark venous blood that had escaped when the 
heart was incised in the preceding experiment were injected under the skin at the left 
flank of a small frog weighing 320 grains. Decided symptoms were manifested in an 
hour and a half, and they were of the same kind as those described in the preceding ex- 
periment. In an hour and forty-five minutes, the respirations had ceased, the frog remained 
on the back, and careful examination failed to reveal any cardiac impact. The heart, 
however, was not exposed until the following morning, when the ventricle was found to 
be pale and contracted, and the auricles dark and distended. Strong general muscular 
rigidity was also then present. 

As the physical and chemical characters of this poison, and also in some respects of 
the poison of arrow D, reputed to be the same substance, were somewhat different from 
those of the poison of most of the other arrows, it was considered advisable to perform 
another experiment, in order to determine if the Sassy or Muave (Hrythrophleum) poison 
might not be present. The latter poison is of wide distribution; and as it is extensively 
used as an ordeal, its toxic properties are well known to many tribes in Equatorial Africa. 
It also is a cardiac poison, but in addition it produces spasms by acting on the medulla- 
centre. As the latter action might be masked by cardiac and muscle actions simul- 
taneously developed, an experiment was made in which, in a frog weighing 435 grains, the 
blood-vessels of one posterior extremity were carefully ligatured before the watery solu- 
tion obtained by triturating one-tenth of a grain of the poison J with 4 minims of dis- 
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tilled water, was injeeted under the skin at the left flank. Symptoms of the same kind 
as those manifested in the previous experiment with one-tenth of a grain of the same 
poison, gradually made their appearance ; but at no time was any spasm or any exaggera- 
tion of reflex excitability shown, even in the tied leg. The heart ceased to contract in 
less than one hour after the poison had been administered, and the observations were 
continued until all reflex excitability had disappeared, as a consequence of stoppage of 
the circulation. 

The irregular-shaped piece of dark resin-like substance reputed to be the same poison 
as that contained in the packets was found to be inert when given in doses of one-tenth, 
one-fifth, and one-half of a grain, respectively, to small frogs. 

Arrow E (see Plate I.), like arrow A, is in the Materia Medica Museum of the 
University of Edinburgh. It is one of five similar arrows, tied together, and labelled 
“ Arrows from Negroes of River Gambir,‘ poison unknown,” and also on a separate label 
in Sir Ropert CuHRIsTIson’s writing, ‘‘ Poisoned Arrows used by the W. Africans near 
Macquania Island on the Gambir River. From Dr NELIGAN, 1856.” 

The arrow is 323 inches in length, but was originally of greater length, as all the 
five arrows have been shortened by being cut across near the bowstring end, there being 
neither notch nor feathering. The shaft is made of a rather slender bamboo cane, and in 
its present state it is 284 inches long. The head is inserted into a hollow in this cane, 
and the part of the cane receiving the head is strengthened by a lashing of tendon for 
about 14 inch. The straight portion of the head projecting from the cane is 24 inches in 
length ; and the barbed head is nearly 24 inches long, and 2 of an inch wide at its broadest 
part. The latter is of an elegant saggitate form, tapering gradually to a long fine point 
at the distal extremity, and terminating at the base in two narrow and long barbs; and 
on each surface one of its lateral wings is convex, while the other is concave. The poison 
surrounds the straight portion of the head, and also extends up the centre of the barbed 
head almost to its point on each side. It is of a dirty greyish-brown colour externally 
and nearly black internally, brittle, without odour, and very bitter. When microscopically 
examined it was found to consist of fragments of vegetable tissue, yellow granular particles, 
numerous oil globules, and numerous broken pieces of vegetable hairs. 

With solution of potash, the fluid part became faintly yellow, with brownish particles 
diffused through it ; and when heated between 116° and 118° with 10 per cent. sulphuric 
acid, the original brown colour was slowly converted to green, and then became reddish- 
brown. When the poison was rubbed up with a little water, a sherry-coloured, clear, and 
faintly acid solution was obtained, but the greater part of it remained undissolved as a 
reddish-brown débris. 

The watery solution from th of a grain was injected under the skin of a frog weighing 
435 grains, and produced symptoms exactly resembling those following the administra- 
tion of Strophanthus. The heart was exposed one hour and forty minutes after the 
poison had been injected, and it was then perfectly motionless and inexcitable to 
mechanical irritation, the ventricle being small and mottled, and the auricles large 
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and dark. Fifteen minutes afterwards, fibrillary twitches were still occurring in the 
muscles, and active reflex contractions could be obtained by irritating any portion of 
the skin. 

Arrow F (see Plate II.).—In 1882, Mr BucHanan forwarded from the Shiré district of 
East Central Africa six poisoned arrow-heads, the poison of which was stated to be derived 
from a Strophanthus. Unfortunately, the arrows had been packed in a box along with 
botanical specimens preserved in brine and spirit, and as the jars containing some of the 
latter had been broken, the arrow-heads were much damaged on their arrival in this 
country. All the arrow-heads excepting one had the same form as the arrow B. The 
one of exceptional form is figured in Plate II. fig. F. The portion of the shaft that remains 
is made of bamboo cane, and the portion of it receiving the arrow-head is gradually thinned 
to the diameter of the straight portion of the head. This head is a very formidable- 
looking weapon, on account of the six spikes with points curving downwards, arranged 
in three tiers of opposite pairs, with which it is armed. It is altogether 43 inches long, 
the straight spiked portion occupying 22 inches, and the true head 1# inch of this length. 
The latter is only 4 an inch wide at its broadest part; it is lance-shaped, and has two 
surfaces, each half of which is slightly concave; and it is not provided with barbs, no 
doubt because they would be an unnecessary addition to the formidable spikes on the 
straight portion of the head. The composition or paste which originally contained 
the poison entirely covers the straight portion of the head and the spikes, and it is also 
smeared over the lance-shaped head, the encrusting layer having a length of 3 inches. It 
is now of a dull dark-brown colour, somewhat earthy in structure, easily breaking down 
to powder, and destitute of bitterness. With solution of potash a doubtful faint yellow 
was observed in the fluid part, and on heating between 116° and 118° F. with 10 per 
cent. sulphuric acid no marked change was observed, the colour remaining pale brown. 
On microscopic examination, it was found to consist of a large quantity of brownish- 
red particles and granules; of a few oil globules, pieces of vegetable tissue, and small 
colourless fragments of crystals; and of a large number of broken pieces of vegetable 
hairs, having a close resemblance to those of Strophanthus hispidus. 

Although containing structures apparently derived from Strophanthus seeds, it pro- 
duced no effect when watery solutions from 0°1 grain, 0°2 grain, and 0°5 grain were 
administered by subcutaneous injection to frogs. This negative result is no doubt to be 
explained by the long soaking in spirit and brine to which the arrow-heads had accident- 
ally been subjected. At the same time, the microscopic examination seems to confirm 
Mr Bucnanan’s statement that the arrows had been poisoned with the Kombé poison. | 

Arrow G (see Plate Il.).—Mr Bucnanan has more recently (1885) sent me four entire 
and uninjured arrows, also obtained from the Shiré district. They all have the form 
represented in Plate II. fig. G. The total length is 37 inches, and the shaft consists of a 
stout bamboo cane 294 inches long and from ,4th to ,8;th of an inch in diameter. This 
shaft is provided with nine feathers, each about 3 inches long, fixed by being inserted into 
parallel slits in the cane, and also by lashing with tendon at the upper part. The lower 
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ends of the feathers are 14 inch above the bowstring notch of the arrow. The iron head 
is inserted into a hollow in the cane, which is strengthened at the hollowed part by a 
cord, consisting of a tendon lashed round it for 3 inches. The exposed portion of the 
head is 74 inches long, and the poison surrounds its straight portion, which is nearly 6 
inches in length, in a layer of {th of an inch in thickness. The barbed head is altogether 
21 inches long, and it is 1$ inch wide at the broadest part, which is at the ends of the 
barbs. The barbed head terminates in a rounded extremity, the barbs being sharply pointed, 
and one lateral half of each surface of the head is concave, while the other is convex. 
The poison is of a brownish colour, with grey spots; it is smooth on the surface, has an 
earthy fracture, no odour, but a strongly bitter taste. On microscopic examination it 
was seen to consist of fragments of vegetable tissue, oil globules, numerous pieces of broken 
hairs, and yellow granular particles. 

With solution of potash, the fluid portion acquired a faint yellowish tinge, and with 
10 per cent. sulphuric acid, at a temperature of 110° to 118° F., it became green in 
colour, but soon the green colour was replaced by brown, and afterwards by a faint dirty 
violet colour. | 

The portion dissolved by water from ;5th of a grain was administered by sub- 
cutaneous injection to a frog weighing 335 grains. It produced in a short time the 
ordinary phenomena of Strophanthus poisoning. The heart was exposed one hour and 
thirty minutes after the administration, and found to be, motionless and inexcitable by 
stimulation, with the ventricle pale and small, and the auricles dark and distended. 
Twenty minutes afterwards, reflex movements could yet be excited by feeble irritations 
of the skin. 

Arrow H (see Plate II.) is one of a pair for which I am indebted to Mr J. K. 
Tomory, M.B., who, for a short time in 1887, resided at the London Missionary Society’s 
Station in Central Africa. Dr ToMory informs me that the arrows were obtained from 
one of the Manyuema tribes on the west side of Lake Tanganyika. They were said to 
be used only for killing game, and the poison was believed to have an action like that of 
strychnine, and to be derived from a large tree. | 

The arrow is altogether 304 inches in length. The shaft is made of a single piece of 
fine-grained, reddish-brown light wood, 274 inches in length, and ,§;ths of an inch in 
diameter near the head, but ;5,ths of an inch in diameter near the bowstring end. The 
feathering commences at 12 inch from the notch, and extends up the shaft for 12 inch. 
It is very elaborate, consisting of fifteen separate feathers placed parallel to each other, 
and securely lashed to the shaft at each end. The arrow-head is inserted into a hollow 
in the shaft, so that almost no portion of its straight stem projects beyond the wooden 
shaft, the base of the expanded barbed head being, therefore, almost in contact with the 
end of the wooden shaft. The end of the shaft into which the head is inserted is 
strengthened by a vegetable thong (apparently consisting of a rush) lashed round it for a 
distance of 4$ inches. The barbed head is 3 inches long and 12 inch wide at its broadest 
part; it is of a general oval acuminate shape, and is provided with a sharp spike-like 
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barb on each side, originating near the junction of the lowest third with the middle third 
of the head. 

The poison is plastered over each surface of the head in a thick layer, for the most 
part 4th of an inch thick, which covers the whole head, excepting its margins and the 
spike-like barbs, It is tough and hard, dark brown on the surface, and ochry-brown in 
the interior. It is partly soluble in water, and gives a slightly gritty sensation when 
triturated with it; and the watery solution is nearly colourless, acid in reaction, and 
distinctly bitter. 

On microscopic examination, the poison was found to consist of vegetable tissues, 
pieces of vegetable hairs, oil globules, and brown granular masses. Solution of potash 
caused it to become yellowish-brown in colour; and, after it had been added, numerous 
microscopic, oval or kidney-shaped, colourless bodies made their appearance in the 
mixture. When heated between 110° and 120° F. with 10 per cent. sulphuric acid, 
it became green, and some time afterwards a faint violet tint could be detected. 

The solution obtained by triturating ;4th of a grain with 4 minims of distilled water 
was injected under the skin of a frog weighing 325 grains. In a short time the peculiar 
attitude of Strophanthus poisoning was assumed, the mouth was frequently opened, the 
respirations became slow, the pupils contracted, fibrillary twitches occurred, voluntary 
movements were enfeebled, and the skin became paler in colour. The heart was exposed 
thirty-six minutes after the poison had been injected; it was found to be motionless, with 
the ventricle small and mottled, and the auricles large and dark, and irritation of any 
part of the heart failed to excite contraction. Twenty minutes afterwards, general and 
feeble reflex movements followed irritation applied to the skin. ‘At no time during 
the experiment were there any spasms, nor were the reflex movements in the slightest 
degree exaggerated. 

It appeared that some assistance might possibly be obtained in the identification of 
the poison of the arrows and in the packet, by determining whether a glucoside were 
present in any of them, especially as the active principle of Strophanthus is a glucoside. 
It was, however, found that this assistance could not easily be obtained, for each of the 
poisons reduced Fehling’s solution before the poison had been digested with an acid. 

In Table I. (p. 973) the results of the examination of the arrow-poisons have been 
summarised. 

From the above experiments I am led to conclude that the poison of arrows A, B, 
E, F, G, and H consists principally, if not entirely, of a substance made with the seeds of 
Strophanthus. In reference to arrow C, no results were obtained sufficient to identify the 
substance with which it had been poisoned ; nor, in the meantime, can any more definite 
statement be made with regard to arrow D than that its poison is a substance closely 
resembling Strophanthus in pharmacological action. This substance also sufliciently 
resembles the poison contained in the packet J to lend confirmation to the statement of 
the natives of the Wanyika tribe, that the poison in the packet is the same as that applied 
to the arrow D. If this poison be prepared from Strophanthus seeds, the seeds must have 
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been subjected to some process, by which, probably, a watery extract had been obtained, 
almost perfectly free from vegetable structures in the case of the poison contained in the 
packet J, but less perfectly free from those structures in the case of the poison of arrow D. 
This, in itself, is sufficient to render it doubtful that these poisons have been derived from 
Strophanthus ; for the preparation of an extract of its seeds for application to arrows 
would seem a superfluous labour, and it is actually proved to be superfluous in the case of 
the arrows undoubtedly poisoned with Strophanthus, where the only preparation has been 
to grind the seeds with water and mix the paste with some adhesive substance. This 
circumstance, along with the differences in microscopic appearance and in chemical 
reaction that have been described, renders it possible, if not probable, that the poison of 
arrow D and the poison contained in the packet J have been obtained from a stem or 
root. Sir JoHn Krrk informs me that at Nyassa an active poison is prepared from a 
wood; and it is also known that the Somali tribe, inhabiting an extensive district on 
the East Coast north from the Wanyika country, employ for their arrows a poison derived 
from the wood and root of an unknown Apocynaceous plant, apparently belonging to the 
genus Carissa. Further, both Sir Jonn Kirk and Dr FELKIN state that the Strophanthus 
plant has not been seen in the Wanyika country. These considerations render it advisable 
to restrict the definition of the poison of arrow D and of packet J to that of a substance 
acting like, but not demonstrated to be, Strophanthus. 

It is, however, a remarkable circumstance that, out of eight arrows of different 
forms, six arrows, derived from districts so widely separated from each other as the 
River Gambia, the Tanganyika Lake, and the Zambesi River, should be poisoned with 
Strophanthus. 

Nor do these represent all the known variations in the form of arrows poisoned with 
this substance, and all the localities in which such arrows are used. Three other forms, 
derived from the Gaboon district of West Africa, have been described ; two made entirely 
of wood,* and the third, provided with an iron head ;t but all three having the shaft 
feathering replaced by a leaf, and, judging from the absence of a bowstring notch, being 
adapted for use in crossbows or blow-tubes only. 

The wide distribution of the Strophanthus plant over Africa, the great activity of 
its seeds, and the readiness with which they can be converted into a form suitable for 
application to arrows, are probable reasons for this extensive use of Strophanthus as an 
arrow-poison. 

While thus widely used, both in the chase and in warfare, as an arrow-poison, it is 
worthy of remark that no evidence can be found of Strophanthus being used by the natives 
of Africa as a medicinal substance. On the contrary, Mr BucHanan informs me that they 
have too great a dread of it to use it in the treatment of disease, and that when they 
were told that the seeds were being used as a medicine in this country they expressed the 
opinion that the English must be mad to employ so poisonous a substance for medicinal 


purposes, 
* POLAILLON et CARVILLE, Archives de Physiologie, tome iv., 1871-72, p. 708. 


t R. BuonpeL, Bulletin Général de Thérapeutique, tome cxiv., 1888, p. 78. 
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2. BoTANICAL DEscRIPTION. 


DECANDOLLE, in 1802, first described the genus Strophanthus, and gave it this 
name because of the twisted thong-like prolongations of the lobes of the corolla 
(crpopos, a twisted band or cord or thong, avOos, a flower).* It is a genus in the 
family of the Apocynacez, nearly related to Nerium and Echites, and even more so to 
Roupellia, which differs from it almost alone in being devoid of the prolongations of the 
corolla-lobes. 

The genus is thus described by BenrHam and Hooker :+—“ Calyx 5-partitus, basi 
intus 5-co-glandulosus (rarius eglandulosus?). Corolla infundibularis, tubo brevi, fauce 
ample campanulata, squamis ligulisve 10 liberis v. basi per paria connatis instructa; lobi 5, 
contorti, dextrorsum obtegentes in acumen (seu caudam) nunc longissime lineare nunc 
rarius abbreviatum producti. Stamina summo tubo affixa, fauce inclusa, filamentis brevi- 
bus; anther sagittate, plus minus acuminate, circa stigma conniventes et ei medio 
leviter adhzerentes, loculis basi in appendicem vacuam productis. Discus 0. Ovarii 
carpella 2, distincta; stylus filiformis; stigma crassum basi in membranam reflexam 
sepius 5-lobam dilatatum, apicem versus szpius lobis 5-glanduliferis cinctum, apiculo 
conico integro v. 5-fido ; ovula in quoque carpello numerosa, -seriata. Folliculi oblongi 
v. elongati, duri, divergentes v. divaricati. Semina compresso-fusiformia, apice in aristam 
longe plumosam producta, inferne coma decidua appendiculata (rarius ecomosa ?).—Arbus- 
cule v. frutices seepe scandentes, glabri pubescentes v. villosi. Folia opposita, pennivenia. 
Cyme terminales, nunc dense pauciflore, nunc corymbose multifloreeque. Flores speciosi 
rarius parvi, albi flavicantes aurantiaci rubri v. purpurei.” 

About twenty species are at present known, of which eight are found in Africa. 
Decandolle has himself described four species—S. sarmentosus, of Sierra Leone ;_ S. laur- 
folius, of Africa; S. dichotomus, of India, China, and Java; and S. hispidus, of Sierra 
Leone. Of the others, the best known are S. Bullenianus, S. capensis, S. Ledieni, S. 
Petersiana, and S. pendulus, all of Africa; S. brevicaudatus, of Burmah ; S. divergens, 
of China; S. Griffith and S. longicaudatus, of Malacca; and S. Wightianus, of 
India. | 

Strophanthus Kombé, described by Ottver,{ and formerly regarded as a distinct 
species, has not been placed in the list, as I understand that OLIVER, after an examina- 
tion of further and more complete specimens of the flowers and leaves, now regards it as 
“a variety, a geographical race of S. hispidus.” His opinion is “that S. Kombé, of 
East Tropical Africa, is but a mere variety of S. hispidus, and that the differences between 
them are not more considerable than it is reasonable to allow to a species of wide distri- 
bution.” Having submitted to this botanist some of the flowers sent to me by Mr 


* Annales du Muséum National d@ Histoire Naturelle, Paris, 1802, p. 408; Bulletin des Sciences, par la Socvété Philo- 
mathique, Paris, 1802, p. 122. 

+ Genera Plantarum, vol. ii. part 2, 1876, p. 714. 

t Hooxer’s Icones Plantarum, 3rd series, vol. i. part 4, 1871, p. 79, and plate 1098. 
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BucHaNnaN as the flowers of the plant from which the seeds used in the greatest ntiimber 
of my experiments had been derived, Professor OLIVER expresses the opinion that they 
are the flowers of S. hispidus. 

It is, therefore, to the species hispidus that the oie amount of interest is at 
present attached, for, in all probability, it chiefly has furnished the materials for the 
chemical and pharmacological investigations that have hitherto been made in this country, 
as well as for the therapeutic experience that has been collected within the last fifteen 
years. 

This species is not known to occur elsewhere than in Africa. It appears to be widely 
distributed over that continent, in its tropical and subtropical regions; having been 
found at various places between the east coast and centre of Africa, above the Victoria 
Falls of the Zambesi (Kirk), on the banks of the Shiré River, in the Manganja country, 
and extending northwards to the Murchison cataracts (BucHANAN); as well as along a 
large portion of the west coast, in Senegambia, Sierra Leone (K1rk), Guinea, and the 
Niger and Gaboon districts. 

The plant is described by BucHanan® as a strong climber lying in folds on the ground, 
and climbing to the tops of neighbouring trees by forming coils round them. The stem 
is about 3 inches in diameter, and young shoots grow from it, as nearly straight rods, of 
great length. When the stem is cut there exudes from it a milky juice, which is sticky 
and very bitter. The fruit is arranged in pairs, which have the appearance of gigantic 
thorns. He believes that, even under favourable circumstances, a plant will not produce 
flowers and fruit until it is three years of age. 

Sir Jonn Kirk—in a letter dated 1st January 1864, which was sent to me by the 
late Professor SHARPEY—gives a similar description. He states that the Kombé plant 
(Strophanthus hispidus) “is a woody climber, growing in the forests both of the 
valleys and hills. The stem is several inches in diameter, and rough on the outside. It 
climbs up the highest trees, and hangs from one to the other like a bush vine.” 

There is considerable diversity of statement with regard to the periods of the year at 
which flowers and fruit are borne. At Eastern and Central Tropical Africa it is stated 
by Kirkt and OLIver{ to flower in October and November, and by BucHaNnan in January 
also; while at Western Africa, BAILLon§ and Din1av || state that the flowering season is 
in April and May, and Sovuserran,! on the authority of G. FonrTarng, a pharmacist 
employed in the French Naval service, in December. The plant is said to bear fruit at 
East and Central Africa, in June, by Kirk; and in July, August, and September, by 


BucHANAN and Consul Hawes :** and at West Africa, in June, by BLonpgt,tt Cazavux,{f 
and 


* Unpublished letter. + Unpublished letter to Dr SHarpey, Ist January 1864. 
+ Loc. cit., p. 79. § Archives de Physiologie, tome iv., 1871-72, p. 526. 
| Bulletin Général de Thérapeutique, tome cxiii., 1887, p. 172. 
- | Journal de Pharmacie et de Chimie, 15 Juin 1887, p. 593. 
** Pharmaceutical Journal and Transactions, March 3, 1888, p. 748. 
tt Bulletin Général de Thérapeutique, tome cxiv., 1888, p. 81. 
tI Contributions a Vhistoire médicale des Strophanthus. These. Paris, 1887, p. 15. 
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Mr Bucuanan has at various times sent me specimens of the root, stem, branches, 
leaves, flowers, and fruit,* and has thus provided me with materials for a description of 
the different parts of the plant. I am also indebted for specimens and for valuable infor- 
mation to Sir Jonn Kirk, Mr Jonn Morr of the African Lakes Company, and Messrs 
BurrouGHs and WELLCOME and Messrs Curisty & Co., drug merchants, London. 


Root. 


The root consists of a main portion, which is swollen and constricted at irregular 
intervals, and of secondary roots, some of which are also swollen and marked by 
narrow constrictions like the main root. The specimens received from Mr BucHanan 


were preserved in spirit, and when they were compared with fresh roots taken from | 


plants growing in the Botanic Garden of Edinburgh, it was seen that they had 


retained their original shape. They are in pieces of from 3} to 15 inches in length; | 


but, as the extremities are broken, the length of the entire root cannot be ascertained. 


The pieces are straight or slightly curved, of a dark brown colour, and wrinkled by 


furrows extending in the direction of the long axis of the root. The extremities of 
the pieces are from }{ths to ,°,ths of an inch in diameter. The swollen portions are 
from ,§;ths to 2}2ths of an inch in length, and from ,§;ths to 1}4ths of an inch in 
diameter, and they have an irregularly oval, ovoid, or spindle shape. The portions of the 
root occupied by the constrictions have a diameter varying from ,*,ths to }jths of an 


inch (Plate III. figs. 1 and 2). When sections are made through the root, it is seen that | 
the swellings or enlargements are caused by a development of the cellular rind of food- | 
storing cells, which at the constricted portions is present only as a relatively thin layer | 


surrounding the central wood cylinder (Plate III. figs. 3 and 4). In addition to the 
constrictions or deep furrows involving the entire circumference of the root, there are 
other transverse furrows which are less deep, and which extend along a portion only of 
the circumference of the swollen parts of the roots (Plate III. figs. 1 and 2). 

In specimens of the dried root, of which I have received several from Sir JoHN Kirk, 
the masses of hypertrophied cellular-rind occur as soft, friable, and very irregularly- 
shaped and wrinkled swellings, separated from each other in many places by intervals of 
a quarter of an inch, where the hard cylindrical core of woody tissue is exposed. 

The microscopic structure of the root is illustrated in Plate V. fig. 1. 


* The obstacles which Mr BucHaNnaN has had to contend with in procuring and sending specimens, owing to 
tribal feuds and the difficulties of carriage, are illustrated in the following extracts from one of his letters :—“ Your 
letter about Strophanthus came duly to hand when I was at Zomba, standing by my property in case of an attack from 
the Mangoni, who were ravaging the country on the high lands on this side (Blantyre) of the Shiré River. One of my 
boys who belongs to the river was actually on the road to the river to get a supply when news came of the death of 
Mr Fenwick and Currrruta, and for long no person dared to go to the river. When these difficulties were got over, 
the Mangoni came, and I had to go to Zomba, and remain there until they took their departure. Lately, however, I 
have got a supply, and as I have arranged to come home in December, I shall take the Strophanthus with me. Unless 
special care be taken, it is sure to be damaged owing to leaky boats and canoes. The African Lakes Company’s 
steamer is at present undergoing repairs, otherwise I should have sent the Strophanthus by her.” (2lst October 
1884.) 


— 
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Stem and Branches. 


Specimens of the stem were received, both dry and preserved in spirit. They vary 
in diameter from 1,’;ths to 14%;ths of an inch. The dry specimens, equally with, those 
preserved in spirit, have a cork-like surface, which is profusely furrowed by deep branching 
grooves (Plate IV. figs. 1 and 2). In the dry specimens, the cork layer has shrunk so as 
to lay bare at the extremities the underlying hard structures of the stem. In a portion 
of dry stem 1,6,ths of an inch in diameter, the cork layer was ,?,ths of an inch in thickness. 
The structure of the stem has been further illustrated in Plate V. figs. 2 and 3, repre- 
senting transverse sections, and fig. 4, a longitudinal section. 

The branches are opposite. Their surface is nearly smooth, and the cork layer is 
thin, thus presenting a marked contrast to the stem; and they have numerous small, 
irregularly-shaped, pale (greyish-brown) markings. 

Juice of Root, Stem, and Branches.—On examining fresh young plants, raised in the 
Edinburgh Botanic Garden from seeds sent from the Shiré district, I found that when 
incisions were made into the roots, stem, or branches, there exuded a considerable 
quantity of juice. From each of these parts it is acid and very bitter, and at first quite 
clear and almost colourless. The juice of the stem is, however, very sticky, and ina 
short time it becomes milky; but that from the root and branches remains unadhesive 
and non-opalescent. 

Through the kindness of Mr Joun Morr, I have obtained from Africa a small quantity 
of the exuded juice from the stem of a growing plant. It consists of a slightly opalescent, 
bitter, and acid fluid, in which there is a mass of a plastic caoutchouc-like substance. 


Leaves. 


The leaves are entire, and generally oval acuminate, though occasionally they 
are ovate or obovate and shortly acuminate. The largest of those sent from Fast 
Central Africa is 5;ths by 2}ths of an inch, and the smallest 1,%,ths by 8,ths of an 
inch. They are opposite, and have usually short petioles, but those attached to the 
extremities of branches are sessile or almost so. Both surfaces, the lower rather more so 
than the upper, are well covered with short fine hairs, which are most abundant along 


the veins and margins. The petioles, flower bracts, and terminal branches are also pro- 
fusely hirsute (see Plate III. figs. 5 and 6). 


Flowers. 

The flowers are grouped in terminal cymes, which sometimes contain only four 
or five flowers, but often as many as eight or nine (see Plate III. fig. 6). In the 
specimens in my possession, unexpanded flowers are present with expanded ones in 
the same cyme. The calyx is gamosepalous and five-lobed, each lobe being oval 
acuminate in the expanded flower, and almost linear in the unexpanded flower-bud ; 
and the calyx and its lobes are covered on the outside with numerous fine hairs. 


The corolla is gamopetalous, funnel-shaped, and five-lobed, each lobe being pro- 
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longed into a singular-looking narrow tail (see Plate III. fig. 7). In many of my 
specimens the corolla tails are so long as nine inches, but even these have obviously 
been broken, owing to their brittle condition when in the dry state. In the 
unexpanded flower-bud, each of the prolongations of the corolla appears to be doubled 
on itself, and the five doubled prolongations are twisted together to form a cord- 
like structure, which projects upwards from the flower-bud for a distance of from half an 
inch to two inches, according to the age of the flower (see a in figs. 6 and 7, Plate III.). 
As has been stated, the genus received from DecANDOLLE the name Strophanthus on 
account of this very singular character of the flower; but the drawings accompanying his 
original descriptions represent the prolongations in expanded flowers as projecting verti- 
cally upwards from the extremities of each corolla lobe, whereas they do so only in the 
unexpanded flowers. In the expanded flowers, the prolongations are no longer bent upon 
themselves and twisted together, but they are unfolded and hang downwards as thread-like 
tails, probably more than 10 inches in length, and about the th of an inch in diameter, 
which give not only a singular, but, also, a very graceful appearance to the flowers. 

The corolla is about 3ths of an inch in length in its undivided portion, and each lobe 
is about gths of an inch in length from its base to the point where it narrows into 
the thread-like prolongation. Within the corolla, and immediately below the points of 
junction of contiguous corolla lobes, are five deeply bifid scales or appendages, each 
division of which projects upwards and inwards, and is terminated by a rounded blunt 
extremity (Plate III. fig. 8). Below these appendages, at the base of the corolla, are 
seen the five stamens closely surrounding the pistil (Plate III. fig. 8, a). The forms of 
the stamens and pistil are represented in Plate III. figs. 9 and 10. 

In dried specimens, the corolla varies in colour from a brownish to a reddish yellow, 
and the inside is of the same colour as the outside. In the fresh, natural condition, 
judging from the descriptions of BucHANAN and HvuEDELot,* it appears to be of a general 
creamy white colour, with yellow at the base and a few purple spots above. DEcan- 
DOLLE,t however, describes the colour of the corolla as orange, and Kirk as yellowish- 
white or pale yellow,t{ or pale yellowish-green.§ 

The external surface of the corolla and of its lobes is hirsute, the hairs being extremely 
fine, short, and pointed, and in the lobes most abundant along their margins. The 
internal surface has only a few very minute hairs, but the ovary is distinctly hirsute. 
The tail-like prolongations of the corolla lobes are likewise hirsute, but very sparsely in their 
unfolded state, although markedly so when they are doubled up and twisted together. 


Fruat. 
The fruit is arranged in pairs of follicles. The follicles in each pair are united together 


at the ventral surfaces in the young state, but they gradually become separated as maturity 
advances by a hinge-like movement at their bases, until when ripe each separated follicle 


* Archives de Physiologie, tome iv., 1871-72, p. 526. + Loc. cit., pp. 412 and 123. 
t Letter to Dr SHarpey, Ist January 1864. § Letter, dated 4th November 1888. 
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projects from the fruit-stalk almost at a right angle with it, the two follicles forming 
together a nearly straight line, whose extremities are the apices of the follicles (see Plate 
IV. figs. 3, 4). The mature follicles have a general fusiform shape, but frequently they 
taper fairly regularly from the base nearly to the apex, and so present a lanceolate con- 
tour. The middle portion, however, is generally thicker than either extremity, and the 
base is always much thicker than the apex. The latter is terminated by an irregular bifid 
disc or expansion, measuring transversely about ;%ths by ,5,ths of an inch, the sulcus of 
which is at right angles to the ventral surface of the follicle. This bifid expansion may 
be produced by an indentation remaining after the style has fallen off, or, in the event 
of the style being persistent, it may represent the cleft apex of the stigma. Each follicle 
has two surfaces ; one rounded and occupying the greater part of the circumference, and 
the other flattened, concave, or even wedge-shaped, and representing the surface originally 
in apposition to the follicle developed along with it. 

The rounded surface is of a dark greyish-brown colour, smooth and fleshy-looking in 
the undried follicles, but rough and marked by numerous small and nearly white spots* 
in the dried follicles (see Plate IV. fig. 3). The flattened or concave surface is in the 
dried follicles of a pale brown nearly white colour. It consists of a thin parchment-like 
and brittle membrane, whose margins are depressed below the contiguous margins of the 
rounded surface, and it presents a central longitudinal slit, and occasionally, when the 
follicle is very ripe, several slits at different parts of its surface, through which the silky 
hairs of the seed-appendages project here and there. 

The dimensions and weights of the entire and dry mature follicles vary considerably. 
Of sixteen sent by BucHanan from the Shiré district, it was found that the average length 
was 11°2 inches, the average diameter at the middle 1°2 inch, and the average weight 377 
grains: but the extremes were represented by a follicle 124 inches in length, 1 inch in 
diameter, and 512 grains in weight ; and by one 94 inches in length, 0°85 inch in diameter, 
and 160 grains in weight. | 

Only a few entire follicles have, however, been brought to this country. The great 
bulk of those imported have had the outer part of the pericarp, comprising the epi- and 
mesocarp scraped off before importation, and while they are in a fresh and soft con- 
dition (see Plate II. fig. I.). They are thus customarily treated in Africa to enable them 
more easily to be dried and stored for use; and, when dried, they are tied together with 
ribbon-like strips of palm leaves, so disposed as to encircle the follicles in pairs. Long 
bands of follicles arranged parallel to each other are in this way produced, which are then 
rolled into cylindrical bundles each containing from two to three hundred follicles. 

The scraped follicles retain the general form of the entire ones, but their distal 
extremities are not terminated by the bifid expansions found in the follicles that have not 
been scraped. Many of them are fusiform, others lanceolate, and a few almost cylindrical 
in shape. They also possess a rounded or convex dorsal, and a flattened or concave ventral 


* Dr MACFARLANE has suggested to me that these spots are scars marking the positions of the roots of the fallen off 
hairs, formerly attached to the carpels. 
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surface. The former-represents the exterior of the endocarp which has been left as a 
covering for the scraped follicle. This covering is of brittle consistence, only about the 
rsoth of an inch in thickness, externally of a pale brown colour, and marked by irregular 
shallow furrows produced in the scraping of the follicles, and internally smooth and 
of a uniform dull lemon colour. The flattened or concave ventral surface possesses the 
same characters as in the entire follicles. | 

Before describing in detail the structures contained within the follicles, some 
particulars will be given of the dimensions and weights of the follicles and of their 
constituent parts. The chief supplies of follicles were obtained from BucHANAN in 1879, 
1881, and 1885, and they were all collected in the Shiré district. No important 
differences could be detected between the follicles, or their constituent parts, received at 
these several dates, in respect of their general characters, chemical or pharmacological 
properties, or microscopic structure. 

Entire Follicles.—The dimensions and weights were ascertained of the constituent 
parts of two only of the dry entire follicles. 


II. 
Follicle. | Seeds. 
Weight of Weight of Weight of 
| Pericarp. Placenta. | , 
Length. | Maximum | Weight. | Number. | Weight. 
| 
11-65inches! 1-5 inch. | 509 grains) 222 | 100 grains| 352 grains| 17 grains | 40 grains 


Scraped Follicles.—The dimensions and weights of a large number of scraped follicles 
and of their constituent parts have, however, been ascertained. I have below tabulated, 
separately, the results of the detailed examination of considerable numbers of follicles 
from the supplies received in each of the above three years, giving only the averages 
for each supply :— 


TaB.e III. 
| | 
Wellicies. Weight of | Weight of 
| ( Number. ( (grains). (grains). 
1879 | 116 10°44 0:75 143-2 169°3 63°88 46°16 31-08 
188] | 149 11°8 0°88 200°8 185°8 70°4 83 45°9 
| 1885 | 72 10°3 0°82 191°7 189°1 76°3 707 40°9 


the above table, it will be understood, are merely the average 


| 
| 
| 
The figues i) 
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dimensions and weights obtained by dividing the totals for each group of follicles bythe 
number of follicles. They show considerable differences in the averages of the follicles 
obtained in different years from the same district. The differences in the follicles of 
each year are still more considerable, and this may be illustrated by stating the dimen- 
sions and weights of the largest and smallest follicles, and of their constituent parts, among 
those examined from the supplies obtained in each of the three years :— 


Taste [V. 
| Follicle. Seeds. 
rai Weight of | Weight of 
Endocarp | “Comose 
an 
Length. | Maximum | Weight. | Number. | Weight. | Placenta, | APPendages. 


1879 Ba 11°0 ins. | 0°75 in. 200 grs. 187 106°5 grs. 60 grs. | 32°5 grs. 
(Smallest, 825 ,, | 062 ,, 53°5 ,, 51 
(Smallest, | 10°25 ,, | 062 ,, | 110 ,, 54 4 
Smallest, -| O68 114 -, 144 


From the data given in Table III., it appears that the average length of the 337 
scraped follicles there represented is 10°8 inches, and the average weight 178°6 grains. In 
order to obtain some indication of the dimensions and weights of the constituent parts 
of average follicles, twenty follicles, whose size and weight were about the average, were 
selected from the supply of 1885, and an analysis, similar to that shown in Table IIL, 
was made of their constituent parts. The twenty selected follicles varied in length from 


9°5 to 11°5 inches, and in weight from 172°25 to 198 grains. The results are stated 
below in averages. 


TaBLe V.—Average Weight and Dimensions of Twenty Follicles of Average Size, and Averages of their 
Constituent Parts. 


| Follicles. 
gth Weight of | Weight of Welgns of 
Diameter Endocarp. | Placenta. | 
By. Diameter. Weight. Number. Weight. ppendage 


| 10:75 ins. | 0-76 in. | grs. | 197-2 | 905 grs. | 43-7 grea. | 164 gra. | 30% grs. 


On comparing the figures in this Table with those in Table III., the most noteworthy 
difference between them is seen to be that in the twenty follicles selected as average-sized 


| 
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follicles, the average-number and weight of the seeds in each follicle is greater than in 
the 337 unselected follicles. 

A few of the scraped follicles in my possession, obtained from Mr Bucuanan in 1885, 
are, however, of greater length than any of those represented in Tables III. and IV. 
Their form, also, is nearly cylindrical ; but, while the seeds contained in them have the 
same characters as those in the fusiform and lanceolate follicles, these seeds are of relatively 
light weight, and, apparently, insufficiently ripened. Several of the follicles are from 
15 to 17 inches in length, but one of 17 inches weighed only 165 grains, and one of 
15 inches only 146 grains. In a follicle 15 inches long, the diameter at the base is 
0°75 inch, at the middle 0°65, and at the apex 0°59; and in another, also 15 inches long, 
the respective diameters are 0°59, 0°62, and 0°53 inch. 

The average number of seeds in each follicle of the 337 represented in Table III. is 


180°8, and the average weight of the seeds in each follicle is 69°4 grains. In the twenty 


follicles of average size and weight represented in Table V., the average number of seeds 
in each follicle is 197°2, and the average weight of the seeds in each follicle is 90°5 grains. 

These averages are, however, much above and below the numbers and weights actually 
found in many follicles. This is illustrated by the following examples :— 


Taste VI. 


Largest Number of | Smallest Number of | Greatest Weight of | Smallest Weight of 
Seeds. 3. Seeds. Seeds. 


Follicles containing the { | 


of o of of of | 
Seeds. Seeds. Seeds. Seeds, Seeds. Seeds. | Seeds. Seeds. 


Number | Weight | Number Weight — _ Number | Weight | Number | 
0 of of 


ollicles 656 61 | 49 12153 . | 390 | | 207 
250 ,,| 75 11415, | 222 | 365,, 145 


In the 20 Follicles of aver- (| 235 |965,,| 112 |73 ,, |1075,,| 204 |72 ,, | 142 
age size and weight re- - 
presented in Table V. {| 2296 |90 , | 142 |72 , | 97 ,,} 202 |79 ,,| 141 


A transverse section of a green immature follicle is shown, unmagnified, in Plate IV. 
fig. 5, and of one slightly magnified in Plate V. fig. 5. In the latter figure, the several 


Follicles of 1879 228 | 40 grs.} 51 14 grs.| 106 grs.| 187 = 14 gprs. 5] 
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layers of the pericarp become apparent, and it is seen how great is the thickness of the 
mesocarp relatively to the other layers. When the follicle is mature and dry, the pericarp 
becomes much thinner, the reduction in thickness being mainly caused by shrinking of 
the mesocarp. This is rendered apparent when the above illustrations are ‘compared 
with figs. 3, 4, 5, and 6 in Plate VII., and also by the measurements given below of the 
transverse section of the pericarp and its layers in a mature and in an immature follicle :— 


Immature Undried Follicle. 


Epicarp, ' 0°0097 inch. 0°00025 metre. 

Endocarp, 00078 00002 
0'2734 000695 


Mature Dry Follicle. 


Epicarp, ; 0°01 inch. 0°00025 metre. 

007 ,, 00018 


The mesocarp contains numerous vascular fibres arranged in isolated bundles (see Plate 
V. figs. 5 and 56). The structure of the endocarp is illustrated in Plate V. figs. 5, 5c, and 
5d, and the explanation of its hardness is seen in the elongated indurated cells of which 
it is composed. The circumferential direction of the cells in the inner of its two layers 
(next the cavity of the follicle) and the longitudinal direction of those in its outer layer 
(next the mesocarp) is also shown in these illustrations. 

Contents of the Follicles——When the interior of a mature follicle is examined, it is 
found to contain three different structures, namely, (a) the placenta, (b) the seeds 
with their attached comose appendages, and (c) a quantity of fine downy hairs, for the 
most part loose in the interior. | 

(a) The placenta is attached to the inverted carpellary margins, which project into 
the interior of the follicle in its immature condition, and which, as maturity advances, 
become split into the two plates that together form the placental or ventral surface of 
the follicle. The placenta also subdivides into two portions, each of which curves round 
into one of the lateral halves of the interior of the follicle. In a transverse section of 
the follicle, each lateral half of the interior is, therefore, seen to be occupied by a curved, 
almost completely spiral placental membrane (Plates IV. fig. 5; V. fig. 5; and VII. figs. 
3, 4, 5, and 6). In the dry follicle, the concave surface of the curved portion of the 
placenta is smooth, shining, and, like the interior surface of the endocarp, of a pale lemon 
colour; and the convex surface is of much the same grey colour as the nearly flat or 
concave exterior ventral surface of the follicle, with which surface, indeed, it is continuous. 
This curved portion of the placenta is marked by a number of depressions or pittings, 
caused by the pressure of the seeds in contact with it. 


. 
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When «a transverse section of the placenta in a mature follicle is examined micro- 
scopically, it is seen to consist of a broad cellular centre in which are numerous islands 
of vascular bundles, bounded on each side by several layers of elongated cells. On the 
concave surface of the placenta, the cells constituting the surface layer are of larger 
size than the other elongated cells next them, and they appear to be continuous 
with the circumferentially elongated and indurated cells of the inner surface of the 
endocarp, from which, however, they differ in being less elongated and nonindurated. 
In a longitudinal section, the cells on both surfaces of the placenta are seen to be of con- 
siderably greater length than in a transverse section, and the actual long axis of each cell 
is, therefore, parallel with the long axis of the follicle. 

(b) The seeds which in the green condition of the follicles are attached to the convex 
surface of the curved portion of the placenta are, in the mature, dry follicles, unattached, 
and, therefore, merely in contact with the placenta and the interior of the endocarp, 
from the latter of which, however, they are separated by the loose downy hairs referred 
to above (described under c, p. 989). They are of a brownish-fawn colour, but in certain 
lights they are nearly white, owing to the numerous shining hairs which closely cover 
their surface, and give to the seeds a soft velvety feeling. When placed in water they float 
on the surface, and, if left in the water, they remain floating for many days. They have 
an intensely bitter taste, but no odour until they are bruised, when at first the odour is 
not unpleasant, having some resemblance to oatmeal, but after a considerable time, 
especially if the bruised seeds be exposed to the air, it becomes oily and somewhat 
rancid. They are flattened and have two surfaces, but their shape varies considerably, 
especially in immature seeds, owing to the distortions that occur during the change 
from the moist to the dry state. Most frequently, in well-matured seeds, the shape 
is oval acuminate, though occasionally it is elliptical. The dorsal surface is usually 
convex or nearly flat, and has a depression near the apex, and frequently also several 
slight longitudinal ridges, no doubt caused by puckering of the testa and shrinking of the 
albumen during drying (Plate IV. fig. 6). The ventral or placental surface is always 
irregular, the chief and most constant irregularity being caused by a ridge near its 
middle line occupying two-thirds or three-fourths of the upper part of the seed (Plate IV. 
fig. 7a). On this ridge, generally at the junction of the upper fourth with the lower 
three-fourths of the seed, there is a minute whitish spot or projection (Plate IV. figs. 7a 
and 8b, x). The ridge is produced by the raphe of the seed, and the minute spot on it 
represents the funiculus, broken off at its attachment to the seed. The base of the seed 
is usually pointed, sometimes acutely, at other times bluntly; but, occasionally, it is 
quite rounded and even flattened. Towards its apex, the seed most frequently tapers 
gradually to a fine extremity, which is continued as a slender shaft or stalk, whose 
summit is crowned by a tuft of long silky hairs, this shaft and tuft or coma forming the 
peculiar plumose appendage of the seed. ‘The entire seed, with its plumose appendage, 
has a striking and beautiful appearance, and in its general form it closely resembles an 
arrow: the seed representing the head; the slender prolongation of the testa of the seed, 


‘ 
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the shaft; and the long silky hairs that crown the summit of the stalk, the feather of 
the arrow (Plate IV. fig. 6). 

The tuft of hairs forming the coma of the seeds has generally a conical outline, with 
the apex of the cone pointing downwards; and the summit of the tuft is usually dome- 
shaped, but at times it has the form of a hollow cone. The hairs next to the seed proceed 
from the stalk at an angle of about 70°, but higher up the stalk the angle gradually 
becomes more acute, so that at the upper third it is about 40°, while at the further 
extremity the hairs are nearly parallel with the axis of the stalk. 

In a few follicles the coma has been found to be nearly cylindrical in form, with all 
the hairs placed nearly at right angles with the stalk. 

The dimensions and weights of the seeds vary greatly. 

Of twenty selected on account of their large size, the average length was 0°8 inch, 
the average maximum width 0°156 inch, the average thickness from one flat surface to 
the other 0°065 inch, and the average weight 0°78 grain. 

Of twenty selected on account of their small size, the average length was 0°5 grain, 
the average maximum width 0°118 inch, the average thickness 0°058 inch, and the average 
weight 0°15 grain. 

In order, if possible, to obtain a nearer approach to the average dimensions and weight 
of the seeds, twenty were taken without selection from the seeds contained in the twenty 
uverage-sized follicles from BucHanan, referred to at page 982, and it was found that the 
average length was 0°686 inch, the average maximum width 0°143 inch, the average 
thickness 0°083 inch, and the average weight 0°586 grain. These great variations are, 
indeed, such as might have been anticipated in seeds obtained from plants in which, of 
necessity, the conditions of maturity, season, and locality of growth could not be the 
same. The averages which the figures represent cannot, therefore, be regarded as true 
for all collections of seeds. This was further exemplified in the case of a large quantity 
of seeds very liberally given to me in 1886 by Mr Morr, of the African Lakes Company, 
of which twenty, likewise taken without any selection, had an average length of 0°7 inch, 
an average maximum width of 0°16 inch, an average thickness of 0°088 inch, and an 
average weight of 0°66 grain. 

It may, however, be stated that good mature seeds have a length of from 0°6 to 07 
inch, and a maximum width of from 0°14 to 0°16 inch; although they may be so large as 
1 inch in length and 0°18 inch in maximum width. 

It is also difficult to define the average weight of the seeds. Deduced from the figures 
in Table III., the average weight of each seed in the examined follicles of 1879 is 0°376 
grain, in those of 1881 it is 0°379 grain, and in those of 1885, 0°403 grain; and for the 
collective follicles of these three years, 0°386 grain. The average weight, however, of each 
seed in the largest follicle of 1879 is 0°57 grain, and in the smallest 0°27 grain; in the 
largest follicle of 1881 it is 0°71 grain, and in the smallest 0°81 grain ; and in the largest 
follicle of 1885 it is 0°71 grain, and in the smallest 0°22 grain (Table IV.). When these 
figures are considered along with the circumstance that the average weight of each seed 


» 
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in the twenty follicles -of average size (Table V.) is 0°458 grain, the inference may be 
drawn that the average weight of a mature seed of Strophanthus hispidus is from about 
0°4 to 0°6 grain. 

Magnified longitudinal and transverse sections of the seed, and illustrations of its 
microscopical structure, are given in Plate VI., and a somewhat diagrammatic repre- 
sentation of a longitudinal antero-posterior section in Plate VII. fig. 1. In the latter, 
the raphe and funiculus are shown. 

While great variations are met with in the length of the plumose appendage of the 
seed, it may in general terms be stated to be shortest in the smallest and lightest follicles, 
and longest in the largest and heaviest. The variations may be illustrated by the fol- 
lowing measurements of the appendages of seeds from the upper, middle, and lower parts 
of three follicles, the follicles themselves being representative of those of small, medium, 


and large size (Table VII.) 


, | 281, | 593 , |os7x02 , | 08 


TasLe VII 
Follicle. Comose Appendage. 

Position of Seed, : Weight of 

in Follicle. Length of | Length of Size of Seed. Seed. 

ight. 
ngth eigh Tutt. Length. 

} To 0°96 inch.| 1°18 inch. | 2*14inches; 0°53 x 0°12 inch.| 0°32 gr. 

Ps 103 , | 163 , | 256 |05 x009 , | 03 ,, 

8 inches, | 135 grains, | Middle, {1-09 | 181, | 29 [056x014 | 032 , 
Base, « 043x014 ,, 0-26 ,, 

op, ,, | 15 | 275 ,, |068x014 ,, | O51 ,, 

0°65 x 0°156 ,, 0°39 ,, 

194 ,, Middle, +131 068x013 ,, 0-44 ,, 
156 ,, | 196 ,, | 3116,, , | 0°39 ,, 

1.09 ” 181 ” 2°9 0°65 x 0°09 ” 0-31 

F T ‘87 ” 2°68 ” 5°55 ” 0°81 x 02 0°45 ” 

oP 81 ” 2°75 ” 5°56 ” 0°93 x 0°18 ” O-s8 ” 


12 
53 
09 , | 212 ,, | 421 ,, |053x0-156, | 065 ,, 
25 ,, | 2218, | 4468, |059x018 , | 0-25 


The measurements in the above Table show that the longest comose appendages occur 
at the middle of each follicle, and that the shortest are more frequently at the base than 
at the top. They also show that the tufted portion of the appendage is generally of 
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greater length than the naked portion, although the difference between them ig never 
great. On consideration of details, it is seen that the tuft is slightly longer than the 
naked shaft in the smallest and medium sized follicles, and that in the largest follicle the 
tuft is in some seeds longer and in others shorter than the naked shaft. , 

Comose appendages have, however, been met with of greater length than any repre- 
sented in the above Table (VII.). Not uncommonly they are found slightly over 6 inches 


in length in large follicles. I give below the measurements of the comose appendages of 
seeds taken from a follicle 17 inches in length. 
Taste VIII. 
Comose Appendage. 
in Size of Seed. 
wai Length of Naked | Length of Tuft. | Total Length. 
2°62 inches. 3°25 inches. 5°87 inches. 0°75 x 0°156 inch. 
0°85 x 0°156 _,, 
Middle, 2°43 ” 3°12 ” 5°55 ” 0°75 x 0175 ” 
Base, 231, 4°62, 0°65 x 0-156 ,, 


The measurements in the Table (VIII.) also give further evidence in favour of the 
statement that the tufted portion of the comose appendage is generally longer than the 
naked portion. 

Two or three follicles have been observed in which all the seeds have comose 
appendages of unusually small and uniform size. The dimensions of two entire seeds 
taken from the top, middle, and base, respectively, of one of these follicles were found to 


be as follows :— 


IX. 
Comose Appendage. 
Position of Seed in Follicle. ae ee Size of Seed. beh a of 
nD n 
Naked Portion. Tuft. Total Length. 
0:96 inch. | 1-03 inch. | 1:99inch. | 0:46x0-12 inch. | 0°37 grain. 
OP, 1:06 _,, 1:06 ,, $13 ,, 053x015 ,, 0-41, 
0-87, 1:09 ,, 1:96 ,, 056x012 ,, 0:39, 
Middle, 1093 1:06 ,, 1:99 ,, 05 x014 ,, 0-41 ,, 
0-78 ,, 081 ,, 1:59 05 xO15 ,, 04 
Base, 087 ,, 087 ,, 174, | 05 x012 . | 0-38, 


— 

| 
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The seeds with the small appendages attached to them are very beautiful and graceful 
miniature representations of seeds with larger appendages. The follicle containing the 
above seeds was 10 inches in length, and the seeds themselves were fairly mature, as their 
sizes and weights show. 

The shaft of the comose appendage consists of a prolongation of the testa of the seed. 
It is extremely brittle, and has a diameter of about the one-hundredth of an inch, which 
remains pretty uniform throughout the whole length of the naked portion of the shaft.* 

The hairs in the tufted portion are unicellular, white, silky in lustre, and flexible, but _ 
yet delicate and easily broken. They vary in length from a little less than 1 inch (0°9) 
to 3 inches. Their diameter at the base is about 0°0022 inch (0°055 mm.), and they 
gradually taper to a fine point of about 0°00012 inch (0°0032 mm.). At the base, there 
is often a slight swelling or bulb. The structure of the hairs is represented in Plate IV. 
figs. 9, 10a, and 10b. 

c. Fine Hairs covering, and longer than the Seeds, and interposed between the Seeds 
and the inner surface of the Endocarp.—When a mature follicle is opened without any 
special precaution, a large quantity of a soft down is seen to be mingled with the seeds, but 
not attached to them. If the dorsal surface of the endocarp be carefully removed so as to 
expose the interior of the follicle, especially after the follicle has been soaked in water 
for a few days, the seeds are found to be concealed by a padding of hairs, interposed 
between the seeds and the inner surface of the endocarp (see Plate VII. fig. 2). The 
hairs constituting this padding appear to originate at the base of each seed, where the 
collected hair-roots are seen as opaque transverse lines. For the most part, the hairs 
proceed directly upwards, so as entirely to cover the dorsal surface, and a portion of the 
comose appendage of the seed from whose base they appear to originate, and, also, a 
part of the next seeds immediately higher up in the follicle and the interspaces between 
them. A few hairs extend downwards. Nearly all the hairs are therefore interposed 
between the dorsal surface of the seeds and the inner surface of the endocarp, and 
between contiguous seeds; only a small number lying upon the placental (or ventral) 
surface of the seeds. | 3 

The roots of the hairs are generally curved, and as the hairs become swollen above 
the roots, the roots have very commonly a beak-like appearance (see Plate IV. fig. 12a). 
Above the swollen portion, the hairs gradually taper to a somewhat blunt extremity. 
Their length is from 0°657 to 1°12 inch, and their diameter at the end of the root is 
about 0°00052 inch (0°013 mm.), at the bulb-like swelling 0°0026 inch (0°065 mm.), 
and at the tip or apex 0°00052 inch (0°013 mm.). Their naked eye and microscopic 
appearances are illustrated in Plate IV. figs. 11, 12a, and 120. 


* The following are the diameters of the naked portion of the shaft of two comose appendages removed from 
two average-sized follicles :— 


Near Base. Near Middle. Near Tuft. 
No. 1 0°0112 inch. 0°015 inch. 0°0093 inch. 
* 2028 mm. 0°25 mm, 0°23 mm. 
No. 2, 00108 inch. 00092 inch. 0°008 inch. 


0°27 mm. 0°23 mm. 0°22 mm. 


| 
| 
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The roots of the hairs are firmly pressed against each other, forming the bases of 
tuft-like groups, the individual hairs of which, in undried and immature follicles, are in 
contact and parallel with each other. In dry follicles, however, the hairs, while still 
remaining in contact at the roots, diverge from each other above the roots to ah extent 
directly proportional to the dryness and advancement in dehiscence of the follicle 
(Plate IV. fig. 11). 

The structural relationship of these hairs to the seeds is indicated, even in dry mature 
follicles, by the circumstances that the tips of their roots are pointed towards the base of 
the seed from which they appear to originate, that those hairs whose roots point towards 
the centre of the base of seeds curve round the base, and thus acquire their usual vertical 
direction, and that the hairs are found only in the portion of the interior of the 
follicle where the seeds are placed, and, therefore, not at the upper part.* Their 
relationship to the seeds is, however, unambiguously shown when an immature 
undried follicle is examined ; for it is then seen that a tuft of hairs of considerable length 
originates at the base of each seed, and is firmly adherent to it. A group of these hairs 
attached to the base of a seed removed from an immature green follicle is illustrated in 
Plate IV. fig. 13, the hairs having been drawn down from the surface of the seed, in 
order to display them more distinctly. Their probable function is referred to in the 
succeeding paragraphs. 

Dehiscence of the Follicles and Dissemination of the Seeds.—As the follicle matures, 
its ventral or placental surface enlarges by the inverted fused edges of the carpels, which 
project into the interior of the follicle in its immature condition, splitting up more and 
more, and so expanding this surface. The tearing asunder of the inverted carpellary 
edges appears to be mainly produced by the gradual separation from each other of the 
ventral margins of the pericarp, which becomes less and less rounded as maturity and 
drying proceed. The changes produced in this process are illustrated in Plate VII. figs. 
3, 4, 5, and 6, which represent transverse sections of dry follicles in four stages of maturi- 
tion. On comparing fig. 5, Plate IV., or fig. 5, Plate V., with figs. 3, 4, 5, and 6, 
Plate VII., it will also be seen how greatly the pericarp shrinks, especially in its meso- 
carp portion, as maturition and drying advance. Several entire follicles in my posses- 
tion exhibit a still greater degree of flattening of the pericarp and opening up of the 
ventral surface than is shown in Plate VII. fig. 6, but in them some of the contents of 
the follicle, including even a portion of the placenta, have generally escaped from the 
interior. No doubt, the assumption by the pericarp of a flat or nearly flat shape occurs 
in natural conditions when perfect maturity has been attained, and thereby the com- 
plete extrusion of the seeds is rendered possible. 

That the condition of roundness or flatness of the pericarp is greatly dependent on the 
moisture or dryness of its structures may be shown by immersing a dry mature follicle in 


* For example, in a follicle 11 inches in length, these hairs were present only in the lower 64 inches, and this exactly 
corresponded to the part of the follicle where seeds occurred. Above this part the follicle contained only placenta and 
comose appendages. 


Pins 
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water. ‘The effect of-immersion is a gradual transverse rounding of the pericarp, with a 
corresponding approximation of the placental or ventral edges and a consequent narrow- 
ing of the placental or ventral surface of the follicle. An originally flat entire pericarp, 
one inch and a quarter wide, may in a few hours become so greatly rounded that its 
edges approach to within three-quarters of an inch from each other. If the pericarp be 
then allowed to dry, by merely exposing it to the air at an ordinary temperature, it 
gradually resumes its original flat shape, its edges gradually separating from each other 
to their original distance. If the endocarp alone be immersed in water and then removed 
and allowed to dry, it assumes the same changes of form as the entire pericarp, but 
they are more rapidly accomplished. If the endocarp be removed from the pericarp, 
the conjoined meso- and epicarp also react in the same way as the entire pericarp, or as 
the endocarp alone, under the influence of moisture and dryness. 

The above experiments seem to show that the changes in form are not dependent on 
the anatomical structure of any one part of the pericarp. As the changes occur, however, 
most rapidly and completely in the detached endocarp, the presence in it of elongated 
indurated cells, arranged in circumferential and longitudinal directions (see Plate V. 
figs. 5c and 5d), may confer, as BLoNDEL* has supposed, on this portion of the pericarp 
a special facility of movement during the change from the condition of moistness to 
that of dryness. It cannot, however, be overlooked that the existence of indurated cells 
in the endocarp would strengthen the entire pericarp, and, by enabling it more effectually 
to resist any bursting force operating in the interior of the follicle, would prevent splitting 
of the follicle elsewhere than at the feebly resisting placental or ventral surface. It will 
afterwards be pointed out that, for the satisfactory extrusion of the seeds, it is of import- 
ance that dehiscence should occur at the ventral surface. 

When the separation of the inverted carpellary edges and the resulting expansion of 
the ventral or placental surface of the follicle has advanced to a certain stage, the latter 
opens either at the middle line alone, by complete separation of the edges of the two 
previously united carpellary margins, or both at the middle line and at other parts of the 
dried and brittle ventral surface, by several longitudinal splittings. 

The dragging of the inverted carpellary edges from the interior to the surface of the 
follicle induces a change in the position and form of the placenta, which is attached to 
these edges. By this movement it is brought nearer to the ventral surface of the follicle, 
and, as it is being drawn from its original position, its spiral is unfolded (Plate VII. 
figs. 3, 4, 5, and 6). The seeds, imbedded at maturity in the elastic hairs which surround 
them, and fixed in position, also, by their comose appendages, are unable to accompany 
the placenta in its changes of position, and they thus become detached from it by rupture 
of the now dry and brittle funiculi. 

The actual extrusion of the seeds appears to be produced by the pressure exerted 
upon them by the hairs contained in the follicle, and especially by the long basal seed- 
hairs, which separate the seeds from the endocarp and from each other. These hairs, in 

* Bulletin Général de Thérapeutique, 1888, pp. 100-103. 
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the immature moist follicle, are arranged parallel to and in close contact with each-other, 
but in the mature follicle, as the process of drying advances, they acquire elasticity and 
a tendency to diverge and become separated from each other. The basal seed-hairs, being 
interposed between the seeds and the endocarp, thus press the seeds towards thfe ventral 
or placental surface, and through the openings in this surface; and the movement out- 
wards of the entire seeds, as well as the extrusion of the placenta, is aided by a similar 
elastic force acquired, during drying, by the hairs of the comose appendages. 

In order to convince oneself of the adequacy of the extruding force of these hairs to 
produce dissemination, it is sufficient to observe a follicle from which the ventral surface 
has been removed. In a short time the contents of the follicle protrude through the 
vacant space, and the protruded seeds, with their appendayes, expand into a large loose 
heap, consisting of the seeds mingled with the widely separated basal hairs, and of the 
comose appendages with their hairs now widely diverging from the stalk of the coma. 
On moistening the large heap of seeds and hairs, it soon again shrinks into a small bulk, 
owing to the hairs losing their elasticity, and again becoming closely approximated to 
each other along their whole length. 

The basal seed-hairs, which separate the seeds from the endocarp and from each other, 
and which in mature follicles are no longer attached to the seeds, seem to possess the 
additional function of preventing fracture of the long and brittle shaft of the comose 
appendages, by forming a soft and yielding bed for the seeds, during their changes in 
position before they escape from the follicle. They thus insure that the seeds shall be 
disseminated with their comose appendages attached to them. 


I have not considered it necessary to give a detailed and systematic description of 
the histological characters of each part of the Strophanthus hispidus plant. These 
characters are fully illustrated by the figures relating to histological structure in Plates 
III. to VII., in whose preparation I owe much to the kind assistance of Dr MacraRLANE, 
of the Botanical Department of the University. The description of the figures (pp. 
1025-1027) will sufficiently explain their more important details. 
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B. CHEMISTRY. 


1. SEEDs. 


Composition.—In order to ascertain the general composition of the seeds, a weighed 
quantity, after having been carefully powdered, was dried at 100° F. and extracted by 
percolation, first with petroleum ether, boiling below 50° C. (100° F.), and then with 
anhydrous ethyl ether. After the ether had been completely removed by exposure to 
the air and to a moderate heat, the residue was divided into two equal portions, one of 
which was extracted with rectified spirit, and the other with distilled water, and in the 
latter solution the mucilage and albumen were estimated. The water was estimated by 
heating a separate quantity of ground seeds to 212° F.; and this, also, was used for the 
determination of the inorganic matter by combustion. Stated in percentages, the results 
were— 


Analysis No. 1. 


Ethyl ether extract (resin, chlorophyle, &c.), | 
Rectified spirit extract (20 of rectified spirit to 1 of vad, 8°94 ‘ 
Mucilage,_ . 7°35 
61-109 
Undetermined constituents, . 38°891 
100-000 


Analysis No. 2. 


In asecond analysis, in which the same processes were adopted, with seeds from the 
same parcel as those and in the first analysis, the chief results were— 


Rectified spirit extract (20 of rectified spirit to of 


In many other analyses, no attempt was made to estimate the water, mucilage, 
albumen, and inorganic matter, but the seeds were merely extracted with ethyl ether 
followed by rectified spirit, or with rectified spirit alone. It was early found that the fat 
- and mucilage present in the seeds rendered water an inappropriate menstruum for remov- 
ing the active principle ; and for the same reason even dilute alcohol, in the form of proof 


, 
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spirit, could not conveniently be used, especially when extraction by percolation was 
attempted. The results of a few of these analyses are given below, and in all of them 
the extraction was accomplished by the process of percolation. 


Extraction by Anhydrous Ethyl Ether (sp. gr. 0°730) followed by Rectified Spirit. 
Analysis No. 3. 


581 grains of seeds from Buchanan, 1885, lost on drying 37°99 grains= water, 6°538 
per cent. 


500 grains of the above dried seeds yielded— 


Ethyl ether extract (18 of ether to 1 of seeds), 160°82 grains, ;, = 33°96 per cent. 

Rectified spirit extract (18 of spirit to 1 of seeds), 54°93 grains, . , =10°986 , 

Undetermined constituents, 271°32 grains, . = 54°26 
99°206_—s=é«, 


Analysis No. 4. 
500 grains of dried seeds from Buchanan, 1885— 


Ethyl ether extract (13 of ether to 1 of seeds), 165 grains, . =33°0 per cent 
Rectified spirit extract (18 of spirit to 1 of seeds), 53 grains, . ' ' = 106 2 
Undetermined constituents, 280 grains, = 560 
99°6 
Analysis No. 5. 
6000 grains of seeds from Buchanan, 1885— 
Ethyl ether extract (12 of ether to 1 of seeds), 2164 grains, = 36°066 per cent. 


Rectified spirit extract (6 of rectified spirit to 1 of seeds), 487: 48 guint, = 8124 


” 


Extraction by Rectified Spirit and subsequent Removal of Fat, &c., from the Alcoholic 
Extract mixed with Water by frequent agitation with Ethyl Ether. 


In the next analysis, the ground seeds, after having been dried at 100° F., were first 
extracted with rectified spirit, and then the fat, &c., was removed from the alcoholic 
extract by mixing it with a little water and agitating the mixture with successive 
quantities of ether. The residue obtained on the evaporation of this ether is the ‘ ethyl 
ether extract” mentioned in the following analyses, and the “ rectified spirit extract ” is 
the dry residue obtained by evaporation of the watery solution of the alcoholic extract, 
after this extract mixed with water had been agitated with successive quantities of ether. 


Analysis No. 6. 
4000 grains of seeds from Buchanan, 1885— 


Rectified spirit extract (12 of rectified spirit to 1 of zee 362°19 grains, = 9°06 per cent. 
Ethyl ether extract, 536°865 grains, = 13°421 
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aoe Analysis No. 7. 


8000 grains of il from Buchanan, 1885— 
Rectified spirit extract (12 of rectified spirit to 1 of ~_ 701°655 grains, = 8°77 per cent. 
Ethyl ether extract, 1013°416 grains, . . = 12667 


99 


In this analysis the extraction of the seeds a rectified spirit had been effected by two 
successive percolations. The first percolate of 1°3 of rectified spirit to 1 of seeds yielded— 


Rectified spirit extract, 388-755 grains, « =4°859 per cent. of seeds, 
Ethyl ether extract, 260°65 grains, =3°258 
The second percolate of 10°7 of rectified spirit to 1 of seeds yielded— 
Rectified spirit extract, 312°9 grains, . , , : . =3°911 per cent. of seeds. 
Ethyl ether extract, 752°765 grains, . . =9°409 
Analysis No. 8. 


1500 grains of seeds from Buchanan, 1885— 


Rectified spirit extract (8 of rectified spirit to 1 of vite 114-66 grains, = 7°664 per cent. 
Ethyl ether extract, 499 grains, . =33°266 


In analyses 3, 4, and 5 the extraction with ether was continued until a colourless 
percolate had been obtained, and the subsequent extraction with spirit was continued 
until the percolate was free, or almost free, from bitterness. In analyses 6, 7, and 8, the 
percolation with spirit was continued until the tinctures were colourless and free, or almost 
free, from bitterness. 

In the analyses in which extraction with ether preceded extraction with rectified spirit, 
the results were fairly concordant. They show that the ether extract, consisting mainly 
of fat, with a small quantity of chlorophyll and of resin, amounts to about 34 per cent., 
and that the alcohol extract, containing the active principle, amounts to about 9°5 per 
cent. of the seeds. 

When the seeds were first extracted with rectified spirit, and the substances in the 
extract solubie in ether then removed from it, the results varied considerably. This was 
specialiy apparent in the case of the ether product, but it was also observed in the alcohol 
extract from which the substances soluble in ether had been removed. As will, however, 
be pointed out, in so far as the latter product is concerned, these differences are of com- 
paratively little importance as indications of corresponding variations in the actual 
quantities of active principle present in the seeds. 


Ether Extract. 


The ether extract, whether obtained with ethyl or petroleum ether, consists mainly 
of a liquid fat or oil containing chlorophyll and other colouring matters; and when 
obtained with ethyl ether, of a small quantity also of resin. It gives a permanent 
translucent stain to paper. Its colour varies considerably, the lightest coloured specimens 
VOL. XXXV. PART IV. (NO. 21). 7M 
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being very pale greenish-yellow, and the darkest, brown with a faint tint of green; the 
chief intermediate shades being grass-green and pale and deep olive-green. The lighter 
coloured ether extracts were usually derived from the later percolates, and the dark 
coloured from the earlier percolates of the same seeds. The extract is translacent and 
clear, but after standing for some time a nearly colourless sediment usually separates, which 
disappears when the extract is heated to 120° F. Ethyl alcohol, amy] alcohol, acetone, 
chloroform, ethyl and petroleum ether, and bisulphide of carbon dissolve the extract freely. 
It has an oleaginous odour, and when dissolved in ether and washed by shaking several 
times with water, it has an oleaginous taste without bitterness. The well-washed ether 
extract does not possess any toxic action, nor indeed any other action than that of a 
bland oil. Its viscosity, and in the paler specimens, its appearance and other characters, 
are very similar to those of olive oil. The specific gravity, determined in a pale yellow 
or greenish-yellow oil, was found to be 0°975, in a pale green oil 0°954, and in a dark 
greenish-brown oil 0°9267. The two former or light-coloured oils, when heated to 120° F., 
and then allowed to cool to the temperature of the laboratory (about 60° F.), became 
semi-solid and uniformly opaque, although previously to this heating they had remained 
for more than twelve months liquid, and, with the exception of a slight deposit, clear 
and translucent, in the same laboratory. When microscopically examined in the opaque 
condition, the oil was found to contain numerous small aggregations of slender, needle- 
shaped crystals. 

In several of the analyses, when the ethereal solution of the oil and other substances 
was shaken with water a thick and persistent emulsion or magma was produced, from 
which, however, the greater portion of the ether, holding oil and chlorophyll in solution, 
gradually separated itself. After this emulsion had been decanted and washed by shaking 
with ether, it was found to contain a small quantity of active principle and of resin, and 
a considerable quantity of mucilage and of a substance possessing the characters of 
caoutchouc. While, as will afterwards be stated, neither common or anhydrous ethyl 
ether dissolve appreciable quantities of the previously separated active principle, when 
the seeds are percolated with ether, or when the alcoholic extract mixed with water is 
shaken with ether, a very small quantity of the active principle appears in the ethereal 


solution. It may, however, be entirely removed from the ethereal solution by shaking it 
several times with water. 


Alcohol Extract. 


On evaporating, with the aid of a gentle heat, the concentrated tincture of the seeds 
previously freed from substances soluble in ether, or a watery solution of this tincture, a 
sweetish mucilaginous and somewhat nutty odour is developed. The extract then assumes 
the appearance of a translucent brownish-yellow or yellowish-brown hard substance, 
having some tenacity. Ifit be further dried by being placed tn vacuo over sulphuric acid, 
it gradually loses its translucency, and becomes opaque, lighter in colour, and brittle. 
The extract is intensely bitter. It is freely soluble in water and in rectified spirit, 
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sparingly soluble im absolute ethyl alcohol and in amyl alcohol, and insoluble in 
chloroform and in ethyl and petroleum ether. The watery solution has usually a 
distinctly acid reaction. When ether or chloroform is added to the solution of the 
extract in ethyl or amyl] alcohol, the solution immediately becomes opalescent, and an 
amorphous deposit is by and by formed. Occasionally, when ether is added to a very 
dilute solution in rectified spirit, the opalescence is succeeded by the formation at the 
sides and bottom of the vessel of groups of. colourless glassy crystals, which, when 
magnified, have the appearance represented in Plate VII. fig. 7. These crystals 
possess the chemical and pharmacological properties, afterwards described, of the active 
principle, strophanthin. 

In several of the processes in which the seeds were extracted with rectified spirit alone, 
after the alcoholic extract had been concentrated to a syrupy consistence, rounded tufts 
or nodules of crystals appeared in it. Under the microscope, these tufts or nodules were 
found to consist of long and very slender radiating crystals. Their appearance, when 
magnified, is shown in Plate VII. fig. 8. The crystals are intensely bitter, very soluble in 
water and in rectified spirit, but much less so in absolute alcohol, and they are insoluble 
in petroleum and ethyl ether and in chloroform. 

In every process in which the seeds were extracted with rectified spirit, and the con- 
centrated extract mixed with water and shaken with successive quantities of ether, the 
dried watery solution was found to consist largely of crystals having the above appearance 
and characters. 

In a few of the analyses where this plan of extraction was adopted, when the extract 
was mixed with a very small quantity of water, and then shaken with ethyl 
ether, the ether assumed a fluorescent satiny appearance, which was found to be 
caused by the diffusion through it of an enormous number of minute particles, which, 
when the mixture was allowed to remain at rest for a short time, formed a deposit at the 
bottom of the ether and therefore at the surface of the underlying strong watery solution. 
On microscopic examination, these particles were also found to consist of minute slender 
acicular crystals, usually united together in small bundles, and having the same general 
characters as those represented in Plate VII. fig. 8. 

When, however, the seeds were extracted with ether previously to being extracted 
with rectified spirit, the alcohol extract, on being concentrated, in no instance exhibited 
to the unaided eye the formation of groups of crystals in it; and when dried, although 
having the same general appearance and characters as extracts obtained without previous 
percolation of the seeds with ether, this extract, when broken down and examined under 
the microscope, was seen to consist, not of slender acicular crystals, but of irregular crys- 
talline plates, whose appearance was similar to that represented in Plate VII. fig. 9. 

However careful may have been the extraction with ether of the seeds or of the 
alcoholic extract, this extract does not consist of a crystalline substance alone. The 
crystals are mixed with, or imbedded in, other substances of non-crystalline structure, 
Whose existence is rendered clear when the extract is further analysed. The further 
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analysis also shows that the quantity of non-crystalline substances varies in different 
extracts, and that one important cause of this variation is the amount of spirit percolated 
through the seeds in the preparation of the extract. 

Composition of the Alcoholic Extract.—On adding to the dried alcohol éxtract a 
small quantity of rectified spirit, the extract does not entirely dissolve, but a residue 
remains, which is insoluble in a moderate quantity of rectified spirit. When the clear 
alcohol solution thus obtained is mixed with ether, it becomes densely opalescent, but in 
a short time the opalescence clears away, and a translucent amorphous and intensely 
bitter deposit occurs. The decanted and usually clear alcohol-ether solution also yields 
a residue when distilled and evaporated. 

The first of these products is freely soluble in water, forming a mucilaginous solution, 
which reduces Fehling’s solution after it has been digested for some hours with a little 
dilute sulphuric acid. The second product agrees with the active principle, for which | 
have proposed the name, strophanthin, in the chemical and pharmacological characters 
afterwards described. The third product is insoluble in water and in acids, soluble in 
rectified spirit and in dilute alkalis, and precipitated from the latter solution by acids, and 
it is, therefore, a resin. 

The quantity of each of these products, in two out of several extracts that have been 
analysed, is stated in Analysis 9 and 11 below— 


Analysis No. 9. 


Alcohol Extract of Analysis No. 1 (p. 993).—Total alcohol extract, 8°94 per cent. of 
seeds. 


Impure strophanthin, . 63°367 per cent. of alcohol extract. 
Resin, . . . . . 14°542 99 

94-184 


The total extract (8°94 per cent. of seeds) was, however, the sum total of the extracts 
of three successive percolations of the same seeds; the first having been obtained by a 
percolation of 10 parts of rectified spirit to 1 part of seeds, the second by a subsequent 
percolation of 5 parts of rectified spirit to 1 of the same seeds, and the third by a 
subsequent percolation of 5 of spirit to 1 of seeds. It is interesting to note the total 
quantity of alcoholic extract obtained from each of these percolates, and the composition 
of each extract. 


Analysis No. 10. 
Ist Percolate, 10:1. 2nd Percolate, 5 : 1. 8rd Percolate, 5:1. 
Total Extract, 7°9 Total Extract, 0°674 Total Extract, 0°37 
per cent. of Seeds. per cent. of Seeds. per cent. of Seeds. 
Impure strophanthin, . 68°16 27°44 25°67 per cent. of extract. 
Resin, . 13°79 23°36 14°18 


94°22 93°08 92°12 
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The first percolate of 10 of spirit to 1 of seeds, therefore, yielded 7°9 per cent. of the 
8°94 per cent. of tofal alcohol extract; and this 7°9 per cent. contained a much larger 
percentage of strophanthin than either of the subsequent percolates. 


Analysis No. 11. 


Alcohol Extract of Analysis No. 3 (p. 994).—500 grains of seeds yielded 54°93 
grains, or 10°98 per cent., of alcohol extract— 


Impure strophanthin, 36°516 grains, . R i = 66°479 per cent. of alcohol extract. 
Mucilage, 7°46 grains, .. =13°6 ” 9 

93°089 


The seeds had been extracted by three successive percolations with rectified spirit. 
In the first and second percolations, 4 of spirit to 1 of seeds was used, and in the 
third 10 of spirit to 1 of seeds. The total alcohol extract of each percolate, and the 
quantity of strophanthin, mucilage, and resin in it are stated below. 


Analysis No. 12. 
lst Percolate, 4:1. 2nd Percolate, 4: 1. 3rd Percolate, 10:1. 
Total Alcohol Extract, Total Alcohol Extract, Total Alcohol Extract, 
42°43 grains = 8°4&6 5°1 grains = 1°02 7°4 grains= 1°48 
per cent. of Seeds. per cent. of Seeds. per cent. of Seeds. 
Impure strophanthin, . 78°34 31°568 22°567 per cent. of extract. 
(33-236 grains) (1-61 grain) (1°67 grain) 
Mucilage, . 3°37 48°647 48°4 
(1°42 grain) (2°48 grains) (3°56 grains) 
Resin, . 12°39 12°549 21°621 
(4°9 grains) (0°64 grain) (1°6 grain) 


Of the 10°98 per cent. of alcoholic extract, 8°48 per cent. was, therefore, obtained by 
the first four ounces of percolate, and only 2°5 per cent. by the subsequent fourteen 
ounces, The extract from the first percolate was also much richer in active principle 
than the extract from subsequent percolates. 

It appears from the above analyses that, by the process of percolation, nearly all the 
active principle is extracted by the first small quantity of spirit, and that this percolate 
yields an extract consisting chiefly of active principle. Further percolates contain only 
small quantities of the active principle, even although they may be of decidedly bitter taste ; 
but they contain much mucilage, resin, and other undetermined substances. It is also 
to be noted that the extract obtained from the first percolate with a moderate quantity of 
rectified spirit differs from the extracts obtained from further percolates, not only in chemical 
composition, but also in physical characters. After having been dried by spontaneous 
evaporation and by exposure in vacuo over sulphuric acid, both extracts may be opaque, 
brittle, and only slightly coloured, although the extract from the first percolate is less 
coloured than those from subsequent percolates; but while the former retains for an 
indefinite time the appearance and physical characters it had acquired on becoming dry, 
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the latter become much darker in colour, they lose their opacity and brittleness, and 
acquire a plastic amorphous character and a dark reddish-brown colour. These changes 
occur independently of exposure, as they have been observed with extracts protected 
from the effects of exposure by being placed as soon as dried in well-stoppered Vottles. 

The impure strophanthin, precipitated by ether from an alcoholic solution of extract, is 
also a much purer substance when it is derived from the first percolate than when it is 
derived from subsequent percolates. In the former case, it is pale, brittle, crystalline, and 
opaque, and it retains these characters for an indefinite period; while in the latter case, it 
is, from the first, translucent and of a brownish-yellow colour, and if dried so as to 
admit of being reduced to a powder, it soon afterwards becomes an adherent homogeneous 
mass of dark colour. 


Analyses of the Testa and of the Cotyledons and Embryos of the Seeds. 


The next analyses were made in order to ascertain the quantity of each of the above 
ingredients present in the testa and in the combined cotyledons and embryos, respectively, 
and especially to ascertain whether the former or the latter contains the largest quantity 
of active principle. When the testa was carefully separated from the rest of the seeds 
it was found, in 119°48 grains of seeds, that the testa weighed 52°6 grains, or 44 per cent., 
and the combined cotyledons and embryos, 66°88 grains, or 55°97 per cent., of the seeds. 


Analysis No. 13. 
52°6 grains of testa yielded— | 
Anhydrous ether extract (28 : 1) 9°58 grains = 18-212 per cent. of testa, or 8016 per cent. of seeds. 
Rectified spirit extract (20:1) 4°58 grains= 8-707 » or 
66°75 grains of cotyledons and embryos yielded— 


Anhydrous ether extract (26:1) 31°15 grains = 46°666 per cent. of cotyledons and embryos, or 26°118 
per cent. of seeds. 

Rectified spirit extract (20:1) 4865 grains=7'288 per cent. of cotyledons and embryos, or 4°07 
per cent. of seeds. 


The testa therefore yielded a much smaller quantity of ether extract, but a somewhat 
larger quantity of spirit extract, than the combined cotyledons and embryos. The ether 
extract derived from the testa was, however, a very different substance from that derived 
from the cotyledons and embryos. The former was of a dark greenish-brown colour, 
and not quite clear; the latter was of a very pale yellow colour, with a tinge of green, 
and at a temperature of 60° F., the greater part of it was perfectly clear and translucent, 
there being only a small whitish sediment. 

The alcohol extracts also possessed marked differences in character and composition. 
That from the testa, when perfectly dry, was yellowish-brown in colour, semi-translucent, 
only partly brittle, and faintly aromatic; but in a short time, even in a stoppered bottle, 
it became dark reddish-brown, adhesive, and soft. The alcohol extract from the coty- 
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ledons and embryos;-on the other hand, was opaque, pale yellowish-white, brittle, and 
inodorous ; and it retained these characters without change for several months. The 
differences in composition are stated below. 


Analysis No. 14. 


Alcoholic extract of testa, 4°58 grains, yielded— 


Impure strophanthin, 2°7 grains=58-95 per cent. of extract, or 5°13 per cent. of testa. 
Mucilage, 0°875 grain =19°104 1663 
Resin, 0°94 grain =20°545 1663 


” 


Alcoholic extract of cotyledons and embryos, 4°865 grains, yielded— 


Impure strophanthin, 3°765 grains=77°4 per cent. of extract, or 5°65 of cotyledons and embryos. 
Mucilage, 0°48 grain = 9°866 0°719 
Resin, 0°44 grain = 9°044 0°67 


On comparing the above analyses, it is seen that the alcoholic extract of the testa 
contains less active principle and much more mucilage and resin than the alcoholic 
extract of the cotyledons and embryos. When derived from the testa, each of these 
products is also much more coloured than when derived from the cotyledons and embryos. 
The alcoholic extract of the seeds, therefore, obtains most of its colouring matter, muci- 


lage and resin from the testa, and most of its strophanthin and oil from the cotyledons 
and embryos. 


Reactions of the Alcoholic Extract. 


The action of a considerable number of reagents has been tested upon both the dry 
extract and a watery solution of it. 


Dry Extract. 

1. Moistened with strong sulphuric acid, it first became pale yellow, then brown, and 
in a few seconds emerald-green. In about a minute the green was almost completely 
displaced by brownish-black, and in about an hour dark green became the predominating 
colour, but it passed in another hour into greyish-green. 

When, after the addition of strong sulphuric acid, the extract was placed in a chamber 
heated to 105° F., and the temperature was gradually raised to 120° F., the green colour 
soon became much intensified, and in about an hour and a half it passed into a dirty 
green, and ultimately into a nondescript grey, through which numerous black particles 
were diffused. 

2. With dilute sulphuric acid (10 or 2 per cent.) no material colour change was pro- 
duced within several hours, provided the extract were originally only a slightly coloured 
one. When the solution was then heated to 120° F., it gradually became light green, 
dark green, bluish-green, deep blue, violet-blue, deep violet, and ultimately violet-black 
and brownish-grey. 


The final coloured products of 1 and 2 are insoluble in water. 


| 
| 
| 
| 
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8. Strong nitric acid (Ph. Brit.) produced a pale brown solution. 

4. Dilute nitric acid (10 per cent.) slowly dissolved the extract, forming a pale yellow 
solution. 

When this solution was heated between 115° and 130° F., it gradually became 
faintly red, then blue appeared at the margins, and the centre became canary-yellow, 
then pinkish streaks extended across the yellow centre, and, finally, the whole became 
permanently of a gamboge-yellow colour. 

5. Strong hydrochloric acid (Ph. Brit.) produced a yellowish solution. 

6. Dilute hydrochloric acid (10 per cent.) also produced a yellowish solution. 

When this solution was heated between 115° and 130° F., it became greenish- 
yellow, brownish-green with faint blue patches, deep violet, and, finally, very dark 

green. 
: 7. Acetic acid (Ph. Brit.) produced a pale brownish solution. 

8. Iodic acid produced a pale brownish solution, in which, however, no blue colour 
was developed by starch. 

9. Strong sulphuric acid and bichromate of potassium produced a_ greenish-brown 
colour. 

10, No material change was caused by strong sulphuric acid, rectified spirit, and neutral 
solution of ferric chloride; nor by sulphuric acid and bromine water. 

11. Solution of potash, soda, or ammonia produced a bright yellow solution, but the 
yellow colour immediately disappeared on the addition of dilute sulphuric, hydrochloric, 
or acetic acid. When the alkaline yellow solution was boiled, it evolved a methylamine 
odour and alkaline fumes, and in a short time it became reddish-brown in colour, and 
lost much of its bitterness. 

12. Phospho-molybdic acid produced a green colour, which immediately changed to blue 
on the addition of an alkali. 


Solution of Extract in Water (2 per cent.). 


1. Acetate of lead produced a faintly yellow flocculent precipitate. 
2. Subacetate of lead produced an abundant yellowish flocculent precipitate. 
After the lead precipitates in 1 and 2 had subsided, the supernatent fluid was 
nearly colourless and intensely bitter. 
3. Solution of ferric chloride (Ph. Br.) caused a greenish-yellow colour, and afterwards 


a slight precipitate. 

4. Nitrate of silver produced a faint opalescence, which afterwards became a dark 
precipitate. 

5. Mercurous nitrate produced a white cloudiness, which afterwards subsided as a 
slight grey sediment. 


6. Cupric sulphate produced a slight haziness, which, on subsidence, left a pale green 
fluid. 


| 
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7. Platinic chloride failed to produce any change within several hours, but on the 
following day a slight brownish opalescence had occurred. 

8. Phospho-molybdie acid produced a very pale greenish-yellow precipitate, permanent 
only with a considerable quantity of reagent. When the precipitate had subsided, the 
supernatant fluid was seen to be emerald-green ; and the precipitate dissolved on boiling, 
and reappeared on cooling. 

9, Molybdate of ammonium produced a faint yellow tint, and, after several hours, a 
considerable yellowish-white precipitate, the supernatant fluid continuing to be yellow. 
The precipitate dissolved on boiling, and appeared again on cooling. 

10. Tannic acid produced a copious white precipitate. 

- 11. Solution of potash, soda, ammonia, lime, and baryta, and of carbonate of potash and 
carbonate of soda, each produced a bright orange-yellow colour. Carbonate of ammonium, 
carbonate of baryta, and bicarbonate of potash produced a less marked yellow. In each case, 
the yellow colour was immediately discharged by dilute acetic acid. The alkaline yellow 
fluids did not reduce Fehling’s solution when boiled with it. 

12. Sulphuric acid (10 per cent.), dilute hydrochloric acid (Ph. Br.), dilute nitric acid 
(Ph. Br.), and dilute phosphoric acid (Ph. Br.) each rendered the solution paler, and slowly 
produced a slight flocculence, which disappeared in great part on boiling. When 
afterwards neutralised and tested with Fehling’s solution, a well-marked reduction 
occurred. 

13. Dilute acetic acid (Ph. Br.) produced no obvious change; and after boiling for a 
few seconds, and neutralising with sodium carbonate, only a slight reduction of Fehling’s 
solution was obtained. 

No obvious change was produced by pieric acid, carbonateof b aryta, phosphate of sodium, 
chloride of gold, mercuric chloride, potassio-mercuric iodide, metatungstate of sodium, tri-iodide of 
potassium, potassio-bismuthic iodide, nor potassio-cadmic iodide. 


Absence of any Alkaloid from the Extract. 


The failure, already described, of many reagents for alkaloids to produce change in the 
watery solution of the extract, although it is naturally acid in reaction, affords sufficient 
evidence of the absence from the seeds of any alkaloidal principle. 

In addition to this negative evidence, ten grains of the extract were treated according to 
Stas’ method for separating alkaloids, ether and chloroform being used as the separating 
solvents; but the result was also entirely negative, only 0°035 grain of total product 
(=9°35 per cent.) having been obtained, which with sulphuric acid and heat gave 
merely colour changes characteristic of strophanthin. 

At the same time, the extract contains nitrogen in small quantity, but this is by no 
means remarkable when its composition is borne in recollection. 

Further, when the extract is made alkaline by solution of potash and then heated, 
alkaline vapours, having a distinctly ammoniacal or, rather, methylamine odour, are 
evolved. 

VOL. XXXV. PART IV. (NO. 21). 7 N 
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Some interest is attached to the circumstance that when the extract has been ‘in con- 
tact with a dilute acid for a short time, slight and inconclusive alkaloidal reactions may 
be obtained with it. Thus, in a 2 per cent. watery solution, acidulated with weak 
sulphuric acid, potassio-mercuric iodide, platinic chloride, auric chloride, and tri-iodide 
of potassium, each produced a slight haze, becoming in a few hours a faint precipitate, 
and metatungstate of sodium produced in a few minutes a scanty, but well-marked 
precipitate. The solution was originally free from glucose, but was found to contain it 
soon after the addition of the acid, and before the above reactions were obtained. 


Presence of a Glucoside in the Extract. 


The reduction of Fehling’s reagent by solutions of the extract in dilute acids having 
indicated the presence of glucose in these solutions, it became of importance to determine 
if this glucose is usually and normally present in the extract, or is produced in it by the 
decomposition of one or more of its constituents. 

Some alcoholic extract, prepared by percolating the seeds with ethyl ether and then 
with rectified spirit, was dissolved in distilled water so as to constitute a 2 per cent. 
solution. When heated with Fehling’s reagent it failed to give any evidence of reduc- 
tion. A portion of the same solution of extract was then acidified with sulphuric acid, 
and left at the ordinary temperature. After three days, the now slightly turbid solution 
was filtered, and after having been neutralised with carbonate of sodium it also was 
tested with Fehling’s solution, when it immediately produced a copious reduction. 

Evidence was thus obtained in an extract originally free from glucose, of a decom- 
position having been caused by dilute acid, of which one of the products is glucose, and 
the presence of a glucoside in the extract was accordingly indicated. 

Similar evidence was also obtained in one of the dark extracts derived from late per- 
colates of the seeds. When dissolved in water, it failed to reduce Fehling’s solution, but 
it did so after it had been acidulated with weak sulphuric acid. 

The production of this decomposition in the cold by the action of dilute acids was 
further examined. 

It was found that when a 3 or 4 per cent. solution of alcoholic extract in water is 
acidified with sulphuric acid, so that the acid is present as a 0°3 to 2 per cent. solution, 
the mixture in a short time becomes turbid, an apparently amorphous deposit forms 
in it, and in from two to four days the solution becomes clear and less coloured, and 
small crystalline tufts appear at the bottom and sides of the vessel, which increase in 
size until a considerable crystallisation has been produced. To this crystalline substance 
I have given the name Strophanthidin. On examining the solution in which the crystals 
have appeared, it is now found to contain much glucose. 

When a minute quantity of the extract dissolved in a drop of water is placed on a 
microscope slide provided with a shallow cup, and a drop of 2 per cent. sulphuric acid is 
added to it before the cover-glass has been applied, in one or two days a large number of 
small and translucent globular bodies make their appearance, and in three or four days a 
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beautiful crystallisation of strophanthidin may be observed in the solution. The crystals 
have for the most part the appearance represented in Plate VII. fig. 10, but in portions of 
the field, where only a thin layer of fluid is interposed between the cover-glass and the 
slide, their form is modified to that of groups of long and slender radiating needles, and 
of fan-shaped crystalline plates. 

A well-defined crystallisation produced in such circumstances in a solution of a phar- 
macologically active substance, is of so rare occurrence that it may usefully be applied as 
a test for strophanthus extract. It would probably, also, be an easy matter to devise a 
quantitative test for all strophanthus preparations, depending on the amount of crystal- 
line strophanthidin produced in this reaction. 

If a watery solution of the extract be acidified, and, after a short time, shaken with 
chloroform or amyl alcohol, the separated chloroform or amyl alcohol yields on evapora- 
tion a crystalline substance. It is, accordingly, an easy matter to obtain a well-defined 
 erystalline product from the extract; but it will, at the same time, be found that the 
original solution now contains glucose, and the crystalline substance thus obtained is not 
therefore strophanthin, but strophanthidin, one of the products of its decomposition. 

Notwithstanding the circumstance that dilute acids so readily decompose the gluco- 
side present in the extract, this decomposition does not appear to occur spontaneously in 
a watery solution of the extract, although its reaction is decidedly acid. In such a solu- 
tion, a fungous growth makes its appearance in a short time; but even in a solution made 
more than two months previously and containing an abundant fungous growth, no glucose 
could be detected by Fehling’s reagent. At this time, also, the solution appears to be as 
intensely bitter as when it was first prepared. When, however, the naturally acid solution 
of the extract in water is boiled for a short time, a small quantity of glucose is produced; 
but the decomposition is so slight that no formation of crystalline strophanthidin can be 
observed. (See Table X. Analysis No. 15.) 

On the other hand, the glucoside in the extract is quickly and completely decom- 
posed by the addition of many acids; and weak solutions of several acids may, even 
at the ordinary temperature, produce this decomposition sufficiently to cause oryeteliine 
strophanthidin to appear in the solution. 

The following experiment illustrates the action in the cold of a weak solution of 
sulphuric acid :— 

A 5 per cent. solution of extract in water was acidulated with sulphuric acid so as to 
produce a 0°4 per cent. solution of acid. The solution very soon became slightly turbid; 
in two days, the turbidity had greatly increased; in four days, a few small crystalline 
rosettes had appeared at the bottom of the solution, which was now less turbid ; and in 
five days, there was a considerable pale brownish-yellow incrustation at the bottom and 
sides of the vessel, consisting chiefly of round groups of lancet-shaped crystals, while the 
fluid was now only faintly turbid, and much less coloured. The crystals, which could 
not be removed from the vessel without some loss, when washed and dried, weighed 18°3 
per cent. of the extract used. The filtered solution, after having been neutralised, was 
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found, on estimation with Fehling’s reagent, to contain 23°4 per cent. of glucose. (Table 
X. Analysis No. 16.) , 

In another experiment with the same strength of solution of extract and of sulphuric 
acid, but in which the acidulated solution was at once boiled for half an hour, an abundant 
formation of large and only slightly coloured crystals occurred while the solution was 
being raised to the boiling point, and before the temperature of 180° F. had been attained; 
and, at the same time, a peculiar odour, like that of cooked raisins, was developed. The 
crystals became broken and more deeply coloured by the boiling; but still, when dried, 
they weighed 27°4 per cent. of the extract. The glucose produced amounted to 27°9 per 
cent. (Table X. Analysis No. 17.) 

In an experiment in which 0°32 per cent. of sulphuric acid was used, on raising the 
temperature to 170° F., the solution became opalescent ; but after it had cooled, only an 
amorphous sediment, amounting to 6°3 per cent., was deposited. When, however, the 
filtered solution was made slightly alkaline with sodium carbonate, a precipitate, consisting 
of minute and perfectly formed crystals, was thrown down, which amounted to 13°7 per 
cent. of extract. 21 per cent. of glucose was produced. (Table X. Analysis No. 20.) 

In another experiment, where all the conditions were the same as in the preceding 
one, except that the percentage of sulphuric acid was 1°6 instead of 0°32, no crystalline 
strophanthidin was produced, but merely an amorphous brown substance, which weighed 
9 per cent. The quantity of glucose formed was exactly the same as in the preceding 
experiment, namely, 21 per cent. (Table X. Analysis No. 21.) 

The preduction in the cold as well as at an elevated temperature of crystalline strophan- 
thidin and glucose was observed with other acids, and with different degrees of acidity. 
In many of the experiments, the acidulated solution was left at the ordinary temperature 
for several days, and then decanted from any crystals that had formed; and the decanted 
solution, after having been filtered, was divided into two equal parts, in one of which the 
glucose was at once estimated, while in the other this estimation was not made until the 
solution had been boiled for half an hour. By this plan, the production or non-production 
of crystalline strophanthidin and of glucose in the cold, and of glucose at a temperature 
of 212° F., and the quantity of each substance produced in these conditions could be 
ascertained. Even when made with the same acid, the various experiments are not, how- 
ever, always comparable, as the percentage of acid and of extract in the solutions, the 
duration of contact, the temperature to which the solutions was subjected, and even the 
extracts used, were not the same, but, indeed, were intentionally varied. 

In estimating the quantity of glucose by Fehling’s reagent, a difficulty was encoun- 
tered, due to the absence of a sharp indication of the point when the whole of the reagent 
had been reduced. The disappearance of the blue colour, on which reliance generally is 
placed, is masked by the production of a greenish-blue, which, on further additions of the 
glucose solution, gradually passes into distinct green, yellowish-green, yellow, and reddish- 
yellow. Control experiments appeared to show that complete reduction of Fehling’s reagent 
is not produced until a reddish-yellow colour has appeared, but the shades of colour pass 
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TABLE X.—Summary of Analyses in which Extract of Strophanthus was decomposed by Acids. 


Per- 
Quantity | centage 
a5 Grammes. | in the contage. the Cold. Cold. Heating. 
Solution. 
15 0°25 10% |No added acid.| None, None. | No appreciable uction. After for 
half 
about 1 %. 
16 0°25 5% |Sulphuricacid,|In five days, 18°3| % 
0°4 %. % of crystalline 
strophanthidin. 
17 0°25 5% |Do., 0°4 %. ove After cag Se half an hour, 27°4 %| After boil for 
of crys e, brownish-yellow stro-| half an _ hour, 
27°9 
18 1°0 2°5% | Do., 1%. ter boiling for four hours, 31°6 % of | After ing for 
yellowish-brown amorphous deposit.| four hours, 21°3 % 
by Fehling’s re- 
agent, 22°4 % by 
5 84% |Do., 16% | Im five days, 30°45| 26% After boiling one half of the filtered After boiling 
19 0° 16 %. n five one of the i or 
(6 of yellowish. solution for half an hour, only a| half an , 
- little brown ous substance. 25 %. 
strophanthi- 
20 0°25 3°2% | Do., 0°32 %. After heating to 170°, 6°3 % of brown | After 
| amorphous substance ; on rendering| 170°, 21 %. 
| the cold filtered solution alkaline, 
| 13°73 % of crystalline strophanthidin. 
0°25 | Do., 16 %. After heating to 170°, 9 of amor-| After hea to 
| hous brown substance. 170°, 21 
22 0°25 4% |Da, 3%. In three days, 27°21| 20% | After boiling one half of the filtered | After for 
% of brownish- solution for half an hour, a slight; half an , 
| llow _crystal- amorphous deposit. 20°8 %. 
fine strophanthi- 
23 0°25 4% |Do., 2%. In five days, 20°7| 20°5 % 
| of  crystal- 
| strophanthi- 
4 0°25 1% | Hydrochloric After heating for half an hour between | After heating for 
acid, 0°1 %. 98° and 100° F., no crystallisation. | half an hour be- 
tween 98° and 
F., 55 % 
— 0°5 4% |Do., 071% In six days, a| 24°5% | After heating one half of the filtered| After boiling for 
| — non-crys-| (?) solution between 120° and 140° F.| half an_ hour, 
ine deposit. for half an hour, 16°32 % of crystal-| 25°7 % 
line strophanthidin. trate 
boiled for half an hour, deposited a 
further small quantity of crystalline 
strophanthidin. 
26 0°5 5% |Nitrie acid, | In five days, 299 %| 24% | After boiling one half of the filtered | After for 
2%. of crystalline stro- solution for half an hour, 15 %| half an our, 
phanthidin. of crystalline strophanthidin. 27 2 %. 
27 05 5% eee In five days, 6 %| 12°8 % | After boiling one of the filtered| After boiling for 
» 2%. of ine stro- solution for half an hour, 26°42 % of| half an _ hour, 
phanthidin. crystalline strophanthidin. 22% 
28 0°5 5% |Acetic acid,| In six days, only a} 2% After boiling one half of the filtered | After _ boili for 
2 %. slight amorphous solution for half an hour, 12°9 % of| half an our, 
deposit. crystalline strophanthidin. 
29 0°25 25% |Oxalic acid,|In five days, a| 16% | After boiling one half of the fitered | After ang for 
2%. slight amorphous solution for half an hour, 10°4 %of| half an our, 
deposit. crystalline strophanthidin. 19°4 %. 
30 0-25 2°5% |Hydrocyanic | In ve days, a very | Glucose | After boiling one half of the filtered | After ing for 
acid, slight amorphous not suffi-| solution for half an hour, only a} half an 
deposit. cient to| minute, apparently amorphous de-| 3 %. 
be esti-| posit. 
mated. 
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so gradually into each other that accurate determinations by this method are extremely 
difficult. 

Exact estimations of the quantity of strophanthidin produced in the experiments were 
not attempted. If unattached to the vessel in which the decomposition had been effected, 
the strophanthidin crystals were collected as carefully as possible by filtration, and if 
they adhered to the vessel they were removed by scraping ; but as the crystals are some- 
what soluble in water, while the quantity of water used in the experiments varied 
considerably, some loss, which was not the same in each experiment, undoubtedly occurred. 

In fact, the object of the experiments was to determine the qualitative rather than 
the quantitative changes produced in the extract by the influence of acids, and above all 
to demonstrate clearly that glucose and strophanthidin are produced, and that the latter 
substance can with great facility be obtained in a crystalline form. 

A summary of the experiments is given in Table X., p. 1007. 

It has thus been shown (a) that the extract contains a glucoside, which is readily de- 
composed by weak solutions of acids so as to produce glucose, and the crystalline body, 
strophanthidin; (b) that glucose is produced in the extract by sulphuric, hydrochloric, nitric, 
phosphoric, acetic, and oxalic acids, both in the cold and at an elevated temperature, but 
by two per cent. hydrocyanic acid only at an elevated temperature ; (c) that crystalline 
strophanthidin is produced in the cold by sulphuric, nitric, and phosphoric acids, but as 
only very weak solutions of hydrochloric acid were used, it cannot be stated that this acid 
is unable in the cold also to produce crystalline strophanthidin ; and (d) that crystalline 
strophanthidin is produced at an elevated temperature by sulphuric, hydrochloric, nitric, 
phosphoric, acetic, and oxalic acids. 

It may be added that while carbonic acid fails to decompose the glucoside, it is decom- 
posed with the formation of crystalline strophanthidin and of glucose, by sulphuretted 
hydrogen. 

The crystalline form assumed by strophanthidin was found to vary considerably. 
When produced in the cold, the strophanthidin was usually in the form of rosettes or 
nodules, consisting of lancet-shaped crystals (see Plate VII. fig. 10); but in the experiments 
where an elevated temperature was employed, beautiful, long and slender acicular 
needles, perfect minute prisms, and prisms grouped in stellar arrangements were also 
produced. In the experiments at an elevated temperature with sulphuric acid, a brown 
amorphous substance, and no crystalline strophanthidin, appeared when the acid was of 
greater strength than 0°4 per cent.; but in the cold, even 2 per cent. sulphuric acid caused 
the formation of crystalline strophanthidin. 


STROPHANTHIN. 


Preparation.—The well-defined crystals produced during the evaporation of non- 
acidulated watery solutions of the extract (pp. 996 and 997) consist, no doubt, of the 
active principle, strophanthin. 
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It is, however, extremely difficult to separate the crystals from adhering impurities 
by the use of any solvents; and even when that is accomplished, the great solubility of 
strophanthin in water and in rectified spirit, entails much loss, if separation by repeated 
crystallisation be attempted. The crystalline products obtained when ether is added to a 
very dilute alcoholic solution of the extract, and when ether is added to a strong solution 
of the alcoholic extract in water, also both represent nearly pure forms of strophanthin; but, 
on several times repeating each process, it was found that sometimes only did it succeed 
in yielding a crystalline product, while, frequently, it failed to do so. Nice adjustments, 
extremely difficult to determine, are obviously required of the proportional quantities of 
active principle, water, alcohol and ether, and of active principle, water and ether, 
respectively, in order to ensure the separation of the active principle in the form of 
colourless crystals. 

It was therefore found necessary to devise some other process. In the first place, at 
an early stage in the research, the removal of impurities and the isolation of the active 
principle by subacetate of lead was attempted; as it had been found that after the removal 
of the copious precipitate formed in solutions of the extract by subacetate of lead an 
intensely bitter, clear, and only slightly coloured filtrate, of great pharmacological activity, 
was obtained. When, however, sulphuretted hydrogen was passed through this filtrate, 
in order to precipitate lead, the active principle was necessarily subjected to the action 
both of sulphuretted hydrogen and of free acetic acid; and accordingly it was decomposed, 
glucose appeared in the solution, and strophanthidin crystallised out in great abundance. 

As the extract obtained by small quantities of rectified spirit from the seeds previously 
percolated with ether, appeared to consist chiefly of active principle, the removal of the. 
inconsiderable quantity of impurity present in it was attempted by treatment with pure 
animal charcoal; but this process also proved unsatisfactory both in the quantity and 
quality of the product obtained. 

After several other attempts, the following was adopted as a tolerably satisfactory, 
though, no doubt at the same time laborious, process for separating the active principle 
in a pure form. 

The active principle was precipitated by a solution of tannin from a strong solution 
of the extract in water; the well-washed tannate was thoroughly mixed with recently 
precipitated, carefully washed, and moist oxide of lead, which was added in the quantity 
calculated to be necessary for the conversion of the tannin into tannate of lead; the 
mixture was digested for several days at a low temperature; and, after it had been dried, 
it was thoroughly exhausted with rectified spirit, and occasionally with proof spirit. If 
the alcoholic solution still contained any tannin, as it usually did, it was evaporated to a 
syrupy consistence, and again treated as above with a smaller quantity of oxide of lead. 
It was frequently necessary to adopt a third such treatment before every trace of tannin 
had been removed. The product was now dissolved in weak alcohol, and, if necessary, 
decanted and filtered from sediment; and through the clear and usually almost colourless 
solution, a gentle stream of well-washed carbonic acid was passed for two or three days, 
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in order to remove traces of lead. The solution was then evaporated to dryness, and the 
residue dissolved in rectified spirit, and, after filtration, ether was added to the solution 
to precipitate the active principle. The precipitate was dissolved in absolute alcohol, which 
usually left a further slight sediment, and the clear alcoholic solution was finally ‘dried by 
spontaneous evaporation, and by being placed in a partial vacuum over sulphuric acid. 

By this process, about 65 per cent. of the active principle, strophanthin, was usually 
obtained from the extract. This quantity, undoubtedly, does not represent the whole of 
the active principle present in the extract ; but the result otherwise is satisfactory, in so 
far as the quality of the product is concerned. 

Characters.—Strophanthin thus obtained is a colourless, opaque, and brittle sub- 
stance, having an appearance suggestive of a crystalline body, but exhibiting no crystals 
to the naked eye. Under the microscope, however, it is found to consist of minute 
irregular crystalline plates, whose appearance is illustrated in Plate VII. fig. 9. 

When ether is added to very dilute alcoholic solutions of it, and the faintly turbid 
mixture is put aside in a stoppered bottle for a few days, beautiful stellar groups of 
colourless and transparent crystals frequently form on the sides and at the bottom of 
the bottle. Some of these groups, as seen with a lens magnifying about six times, have 
been represented in Plate VII. fig. 7. 

Strophanthin is very freely soluble in water and in rectified spirit, losing its opacity 
when a very small quantity of either solvent is added to it, and becoming a viscous, 
clear, and faintly yellow solution on further minute additions. It is soluble in 55 parts 
of absolute alcohol (sp. gr. *796), in 300 parts of acetone, and in 1000 parts of amyl 
alcohol (sp. gr. °820). It is almost insoluble in chloroform (sp. gr. 1°497), in absolute 
(sp. gr. ‘723) and common (sp. gr. °730) ethyl ether, in petroleum ether boiling below 
120° F., and in bisulphide of carbon.* Glycerine (sp. gr. 1°26) dissolves it freely ; but 
when small quantities are placed in strophanthus oil and in olive oil, respectively, they 
remain unchanged for several months, although, afterwards, the particles appear to dis- 
solve very slowly. 

Solutions in rectified spirit and in amyl alcohol are precipitated by the addition of 
chloroform, absolute or common ethyl ether, petroleum ether, and bisulphide of carbon. 
A solution in absolute alcohol is precipitated by ethyl and by petroleum ether, and is 
rendered slightly turbid by bisulphide of carbon; but neither chloroform nor acetone 
produce any change in the appearance of the solution. A solution in acetone is precipi- 
tated by ethyl ether, petroleum ether, chloroform, and bisulphide of carbon, but not by 
absolute alcohol nor by amy] alcohol. 

Strophanthin is intensely bitter. When dissolved in distilled water, the bitterness is 
slightly appreciable in a solution of 1 part in 300,000. Its solution in water or rectified 
spirit is acid in reaction. When a dilute solution in water is shaken, a persistent froth 
is produced. Solutions in ordinary or in distilled water soon lose their perfect trans- 


* In the experiments that were made, chloroform dissolved 1 part in 10,000, and absolute and common ethy] ether, 
petroleum ether, and bisulphide of carbon about 1 part in 20,000. 
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lucency by the growth of a fungus in them ; but, notwithstanding this circumstance, as 
has already been stated, even after several months, no glucose appears in the solutions, 
and they apparently retain their original bitterness and pharmacological activity. 

Strophanthin melts at a temperature of 343° F. Below this temperature, at about 
295° F., it acquires a faintly yellow colour, which becomes yellowish-brown at the 
melting point. When the temperature is further raised, it evolves fumes having at 
first a caramel and then a disagreeable empyreumatic odour, becomes charred, and finally 
disappears without almost any residue. 

When heated in a test-tube with soda lime, and when tested by Lassaigne’s cyanogen 
process, it was found to contain no nitrogen. 

Ultimate Analysis—In order to determine its percentage composition, several com- 
bustions were made, of which the three following agree closely in their results :— 


Analysis No. 31.—0°3 gramme, yielded CO,, 0°610 = 55°45 per cent. C. 
H,0, 0°204 = 7°55 per cent. H. 

Analysis No, 32.—0°1789 gramme, yielded CO,, 0°3635 = 55°41 per cent. C. 
»  H,O, 0°1222= 7°58 per cent. H. 

Analysis No. 33.—0°1893 gramme, yielded CO,, 0°3849 = 55°45 per cent. C. 


» H,O, 0°1288= 7:56 per cent. H. 
These percentages correspond with the formula C,,H;,0,. 
Found (average of above Calculated for 
three analyses). CygH 990, - 
Carbon, 55°43 55°49 per cent. 
Hydrogen, . 7°56 
Oxygen (by subtraction), 3701 37°0 


C,,H.,0, may, therefore, provisionally be adopted as the formula of strophanthin, until 
at any rate more complete knowledge has been obtained of its constitution. 


Reactions. 
When various reagents were applied to strophanthin in the dry state, and also in 
2 per cent. solution, the results were as follows :— 


Dry Strophanthin. 


1. When a minute quantity, in the form of powder, was moistened with a drop of 
strong sulphuric acid, a bright green colour was immediately produced, which in a few 
seconds became greenish-yellow, and then brown at the centre with green at the edges ; 
in twenty minutes, the whole was brownish-green; in a few minutes afterwards, it was 
grey, with a greenish tint; and in the course of an hour or two, dirty brown, without 
any green. 

When strophanthin moistened with strong sulphuric acid was heated to between 110° 
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and 120° F., the green colour first produced soon became dark olive, changing to very 
dark brown, with green at the parts which had dried, then to violet and dark violet-blue, 
and, finally, to black with a violet tint. 

2. With 10 per cent. sulphuric acid a nearly colourless solution was produced, which 
remained unchanged in appearance for several hours. 

When heated between 110° and 120° F. with 10 per cent. sulphuric acid, it soon 
became light green, grass green, dark green, deep bluish-green, deep greenish-violet, 
very dark violet, and in about two hours, black with a violet tint. When allowed to 
cool, the last colour remained for more than twelve hours. 

These colour changes were quite distinctly obtained with even the ;,%, of a grain of 
strophanthin. 

8. Strong nitric acid, in the cold, produced a pale brown solution. 
4, Dilute nitrie acid (10 per cent.) merely dissolved strophanthin, without obvious 
change of colour. 

When heated between 115° and 130° F. with 10 per cent. nitric acid, a violet colour 
was first developed, in which blue streaks appeared; the whole then became violet for a 
few minutes, then yellow appeared at the margins, the violet gave place to yellowish- 
brown, and, finally, in about forty minutes, the whole became gamboge-yellow, and 
remained this colour for several hours. 

5. Strong hydrochloric acid dissolved strophanthin, forming a pale yellow solution, 
which afterwards became brownish-yellow. 

6. Dilute hydrochloric acid (10 per cent.) dissolved it, and produced a colourless 
solution. 

When heated between 115° and 130° F., changes were very slowly produced; in 
about twenty minutes, a yellow colour appeared, which, however, soon passed into green, 
and then into blue (Turnbull’s), and the last colour remained for several hours. 

7. Strong sulphuric acid and bichromate of potassium, in the cold, produced successively 
green, orange-brown, dark brown with green at the edges, and emerald-green. When 
now heated to between 115° and 120°, the green slowly became bluish-violet. 

8. When to a minute particle of strophanthin there was added a small drop of 
distilled water and also of dilute solution of ferric chloride, and then a drop of strong 
sulphuric acid, a deep yellow colour appeared, which changed to pink. On mixing the 
whole with a glass rod the pink disappeared. 

9. Solution of phospho-molybdic acid developed rather slowly a green tint, which on 
prolonged exposure became a pure blue of considerable intensity. If an alkali was 
added along with or after the phospho-molybdic acid, the blue colour was immediately 
developed. 

10. Solution of potash, soda, and ammonia, and of other alkalies and their iaiaeuiaa 
produced a faint yellow colour, which disappeared on the addition of acids. 

11. Negative results were obtained on the addition of iodic acid and starch, nitrate of 
silver, sulphate of zinc, sulphate of copper, and Nessler’s reagent. 
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Solution of Strophanthin in Water (1 or 2 per cent.). 


1. Concentrated, or 10 per cent. solutions of, sulphuric, nitric, hydrochloric, phosphoric, 
and chromic acid, and concentrated acetic acid, each produced a slight haze even in a one 
per cent. solution of strophanthin. When the solution was afterwards neutralised and 
tested with Fehling’s reagent, the reagent was in each case reduced. 

2. Sulphuric acid and bichromate of potassium also produced a slight opalescence, and the 
solution, on being neutralised, reduced Fehling’s reagent. 

3. Solutions of potash, soda, ammonia, lime, and baryta, of carbonate of ammonium, and of 
phosphate of sodium, each caused the solution of strophanthin to become of a light yellow 
colour ; but even after prolonged contact, the yellow solutions did not reduce Fehling’s — 


reagent. The alkaline yellow fluids became deep reddish-brown when heated to 212° F., 


and, at the same time, they lost much of their original bitterness, and apparently also 
of their pharmacological activity. 

4. Solution of ferric chloride produced no change until sulphuric acid had been added, 
when a faint opalescence occurred. When a drop of 0°5 per cent. solution of strophanthin 
in water was placed on a white porcelain slab, and a minute drop of solution of ferric 
chloride, followed by a small drop of strong sulphuric acid, was added to it, a yellow 
colour was first produced, and then streaks or patches of pink and blue were quickly 
developed. In a short time, the whole assumed a dirty pale greenish-blue colour. 

5. Solution of nitrate of silver very slowly produced a reddish-brown colour and a 
slight dark deposit. 

6. Phospho-molybdic acid slowly produced a bright green colour, which gradually 


~ passed into greenish-blue. 


7. Tannic acid solution threw down a copious yellowish-white precipitate, which 
redissolved until an excess of the acid had been added. 

8. Molybdate of ammonium in sulphuric acid produced a slight opalescence, and Fehling’s 
reagent afterwards revealed the presence of glucose in the neutralised solution. 

9. Negative results were obtained on the addition of chloride of gold, platinic chloride, 
cobaltous chloride, acetate and subacetate of lead, mercuric chloride, mercurous nitrate, cupric 
sulphate, ferro- and ferricyanide of potassium, chloride of barium, acid carbonate of potassium, iodide 
of potassium, tri-iodide of potassium, tri-bromide of potassium, potassio-mercuric iodide, metatungstate 
of sodium, potassio-bismuthic iodide, and potassio-cadmic iodide. 


Decomposition of Strophanthin by Acids, kc. 


Glucose having been produced by the application to strophanthin of such of the 
above reagents as were acid in reaction, it was indicated that this substance is a | 
glucoside. This indication has been rendered clear and unambiguous by the results of 
other experiments, of which the following are given by way of illustration. 

To a colourless and clear 3°3 per cent. of strophanthin in distilled water, sulphuric 
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acid was added so as to make the solution a 0°3 per cent. one of acid, and the solution 
was then left to itself at the ordinary temperature. On the following day, it had 
become slightly turbid, and two days afterwards several colourless rosettes of lancet- 
shaped crystals had formed at the bottom of the flask. On the fourth day, the rosettes 
had increased in size, and now also a general crystalline incrustation had occurred over 
the bottom and sides of the flask, while the solution had lost its turbidity, and had 
again become quite clear. The crystals increased in quantity during the next twenty- 
four hours; and, on the sixth day, when they were collected as carefully as possible, 
they weighed 33:7 per cent. of the strophanthin used. The filtered solution, after 
having been neutralised, was found to contain 22 per cent. of glucose. (Table XI. 
Analysis No. 34.) 

In an experiment with the same quantity of strophanthin and of sulphuric acid in 
solution as in the last experiment, as soon as the solution had been made it was placed 
in the water-bath and gradually heated. While the temperature rose from 150° to 
165° F., a beautiful crystallisation appeared in the solution, consisting of slender colour- 
less crystals, many of them being three-fourths of an inch in length, and the solution 
at the same time became slightly turbid. The temperature was raised to 212°, and 
maintained at this point for half an hour; during the boiling, an odour like that of cooked 
raisins was given off, and the solution became slightly yellow in colour. When the 
solution had cooled, it was found that, in addition to now partially broken, long and 
slender crystals, a further crystallisation had formed, consisting of colourless nodules 
or tufts attached to the bottom of the flask. The washed and dried crystals weighed 
36°2 per cent. of the strophanthin used, and there was found in the filtered solution 
27°5 per cent. of glucose. (Table XI. Analysis No. 35.) 

On gradually heating a solution of strophanthin which contained 0°5 per cent. 
sulphuric acid, the solution became slightly turbid at 130°, and then, at 152° F., long 
and slender colourless crystals began to form in it. The crystals increased in size 
until the temperature had risen to 160° F., when also the turbidity of the solution 
greatly diminished. After allowing the solution to become cold, 34°9 per cent. of 
crystals were obtained, and the colourless filtrate was found to contain from 15 to 16 
per cent. of glucose. (Table XI. Analysis No. 36.) 

Strophanthin dissolved in 1°5 per cent. sulphuric acid was allowed to stand in the 
cold. On the following day, a small crystalline nodule and tuft, both consisting of 
colourless transparent crystals, had formed at the bottom of the flask. On the third 
day, several large nodules or rosettes had formed, the crystals of which had to the 
naked eye an acicular lancet-shape (Plate VII. fig. 10).* The crystals were collected 
and dried on the fourth day, when they weighed 37°58 per cent. of the strophanthin 
used. The filtered solution was divided into two portions. In one of them the glucose 
was found to be 21°3 per cent. The second portion was boiled for four hours; during 


* The crystals formed at the bottom of the flask have been represented, unmagnified, in P]. VII. fig. 10, as they 
appeared on looking down upon them through the fluid in the flask. 
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boiling it evolved a cooked raisin odour, became turbid, and, when cooled, deposited 
a yellowish-brown amorphous substance, all of which was not collected. The filtrate of 
the second portion was slightly coloured and only faintly bitter ; and 26°65 per cent. of 
glucose was found in it by Fehling’s reagent, and 23°64 by fermentation. (Table XI. 


Analysis No. 40.) 
A summary of the preceding and of several other experiments is given in Table XI. 


TaBLE X1L—Summary of Analyses in which Strophanthin was decomposed by Sulphuric Acid. 


| 
| Quantity ciate Per- 
| of of Stro- | | Strophanthidin pro-| Glucose Pro- | Strophanthidin produced after | Glucose produced 
(phanthin phuric | duced in the Cold. Cold Heating. after Heating. 
< | Grammes. — Acid. 
on. 
34 0°25 33% | 033 % | In six days, 33°7 % | 22 % 
of crystalline stro- 
phanthidin. 
| $5 0°25 33% | 0°33 % ae After boiling for half an hour, | After boiling for 
| 36°2 % of crystalline strophan-| half an _ hour, 
| thidin. 27°5 he 
«86 0°25 25% | 05% After heating to 160° F., 34°9 % | After heating to 
| of —— strophanthidin. 160° F., 15 %. 
| $7 0°25 25% | 05% After heating to 170° F., 32°14 % | After heating to 
| of crystalline strophanthidin. 170° F., 16°5 %. 
=. 0°25 25% | 05% After boiling for half an hour, | After boiling for 
| 22°3 % of strophanthidin,chiefly | half an _ hour, 
| in round particles, 21°2 %. 
«89 0°5 33% | 13% | In five days, 37°5| In five days, After boiling one half of the fil- | After boiling one 
% of crystalline; 19 %. tered solution for four hours, | half of the filtered 
| strophanthidin. 4°6 per cent. of amorphous! solution for four 
yellowish-brown substance. hours, 24°6 %. 

40 05 33% | 15% | In four days, 37°58 | In four days, | After boiling one half of the | After boiling one 
| * % of crystalline | 21°3 %. filtered solution for four hours, | half of the filtered 
| strophanthidin. 4°3 % of yellowish-brown amor-| solution for four 
| | phous substance. hours, 26°65 % by 
| | Fehling’s reagent, 
| | and 23°64 % by 
| | fermentation. 
0°25 After boiling for half an hour, | After boiling for 

37°77 % of yellowish-brown| half an ; 
amorphous substance. 22°02 %. 


Sulphuric acid was the only acid employed to decompose strophanthin ; as it seemed 
unnecessary, for the present purpose, to multiply the experiments, in view of the evidence 
already described regarding the action of other acids on the extract of strophanthus, 
there being no reason to doubt that the decomposition of strophanthin into glucose and 
strophanthidin will occur under the influence of those other acids which have been 
shown to decompose strophanthin in the extract. 

It is seen from the analyses summarised in the above Table (XI.) that large quantities 
of crystalline strophanthidin, and considerable quantities of glucose, were produced by the 
prolonged contact in the cold of strophanthin with from 0°3 to 1°5 per cent. sulphuric 
acid. Crystalline strophanthidin was also abundantly produced when strophanthin was 
boiled for a short time with 0°3 per cent. sulphuric acid ; and much crystalline strophan- 
thidin, but proportionally less glucose, when strophanthin was heated between 160° and 
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170° F. with 0°5 per cent. sulphuric acid. When, however, strophanthin was boiled with 
stronger than 0°5 per cent. sulphuric acid, although much glucose was generally produced, 
no crystalline strophanthidin, but only a brown amorphous substance, appeared as a 
result of the decomposition. 

The crystals of strophanthidin produced in the cold by sulphuric acid were usually 
in the form of colourless nodules or rosettes, consisting of moderately thick, lancet- 
shaped crystals (Plate VII. fig. 10). The finest crystals, of long and slender form, 
were obtained when strophanthin was heated to 160° or 170° F. with 0°3 and 0°5 per 
cent. sulphuric acid. 

When the decomposition is produced so as to allow the physical changes to be 
observed under the microscope, the changes are found to be much the same as those 
already described in the decomposition, in similar circumstances, of the extract 
(p. 1004), except that the crystals that are formed are absolutely colourless. Thus, 
when a drop of 2 per cent. sulphuric acid was added to a small drop of solution of 
strophanthin, slender rods appeared on the second day, and, on the third day, small 
circular crystalline masses having a radiating structure, which increased in size and 
number during the two following days. In another experiment, the addition of 10 per 
cent. sulphuric acid immediately produced an abundant precipitation of minute particles ; 
and round, clear bodies, and colourless circular crystalline masses, having radial mark- 
ings, appeared during several subsequent days. 

In addition to the influence of acids on strophanthin, that of ptyaline was also 
examined. 0°l gramme of strophanthin was dissolved in 5 c.c. of distilled water, and to 
the clear solution 2 c.c. of filtered saliva* was added. The now decidedly alkaline mixture 
was digested for an hour at a temperature ranging between 99° and 100° F. The diges- 
tion did not produce any obvious change, nor could any strophanthidin be detected in 
the fluid after it had cooled. When, however, it was tested with Fehling’s reagent, 
reduction immediately occurred, and an estimation showed that rather less than one per 
_ cent. of glucose had been produced. Prolonged contact with saliva at the body tem- 
perature is therefore able to cause only a slight decomposition. As a large quantity 
of saliva of great diastatic activity had been used in this experiment, it is reasonable 
to infer that in the ordinary administration of strophanthus, decomposition will not be 
produced to any appreciable extent by admixture with the mouth secretions. 

The relatively slight decomposition which has been shown to occur (Table X. 
Analysis No. 24) when extract of strophanthus is digested for half an hour with 0°1 per 
cent. hydrochloric acid at a temperature ranging between 98° and 100° F., appears also 
to justify the inference that when strophanthus is introduced into the stomach it will 
be absorbed into the blood before any important part of the dose has undergone decom- 
position. 

* The saliva was obtained, with the usual precautions to exclude impurity, from an adult to whom pilocarpine had 


been administered. It was alkaline in reaction, and neither before nor after prolonged heating, did it affect Fehling’s 
solution. A small quantity rapidly and abundantly produced glucose in starch solution. 
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Still, these experiments, and indeed all the experiments in which strophanthin was 
shown to be decomposed by acids, render it not only of interest but probably of practical 


importance to determine, as I propose on some early occasion to do, the pharmacological 
action of strophanthidin itself. 


Strophanthidin. 


In the meantime, in addition to those physical and chemical characters of crystalline 
strophanthidin that have incidentally been mentioned, it may be added that it has an 
intensely bitter taste and a neutral reaction; that it is slightly soluble in cold water, 
moderately soluble in cold rectified spirit, chloroform, and amy] alcohol, and freely soluble 
in warm rectified spirit; that it becomes of a green colour when heated with 2 per cent. 
sulphuric acid; that it does not give a glucose reaction with the phenylhydrazin test, 
uor with Fehling’s solution, either before or after prolonged digestion with 2 per cent. 
sulphuric acid between 200° and 212° F.; and that it is extremely active as a pharma- 
cological agent, 0°0025 and 0:00125 grain producing death in frogs weighing 350 grains 
and 345 grains, respectively, with symptoms closely resembling those produced by 
strophanthin. Further, it can readily be obtained in colourless crystals by the spon- 
taneous evaporation of a solution in rectified spirit. 

As a solution of recrystallised strophanthidin, produced by the decomposition of 
strophanthin by sulphuric acid, remained unchanged when solution of chloride of barium 
was added to it, strophanthidin cannot be regarded as a combination of some substance 
present in strophanthin with the acid employed in decomposing it. 

The amorphous brown substance obtained by boiling strophanthin with moderately 
strong acids has not been examined further than to determine that it is much less bitter 
than either strophanthin or strophanthidin, and that it is insoluble or nearly so in water 
and acids, and soluble in alkalies and rectified spirit. 


Kombie Acid. 


Basic and neutral acetate of lead have been enumerated among the reagents which 
produce precipitates in solutions of the extract in water. The precipitate obtained by 
the former reagent has not been examined. That produced by neutral acetate of lead, 
after having been carefully washed with distilled water, was decomposed by sulphuretted 
hydrogen, and the filtrate from lead sulphide was concentrated by evaporation at a 
low temperature, and then dried in vacuo over sulphuric acid. There was thus obtained 
a scaly brownish-yellow substance, representing 1°6 per cent. of the extract, of strongly 
acid reaction, and freely soluble in water. For this acid, the name Kombic acid is 


suggested. 


| 
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2. CHEMICAL COMPOSITION OF OTHER PARTS OF THE: PLANT. 


An examination was made of the comose appendages, pericarp, and other parts of 
the plant, mainly for the purpose of determining if strophanthin is present in them, 
and, if present, in what quantity. 

Taking advantage of the circumstance that ethyl ether precipitates the glucoside from 
its solutions in alcohol, the process described at page 998 was adopted in the analyses, as 
it appeared to be one that was likely to yield sufficiently accurate results for the purpose 
immediately in view. 

Comose Appendages. 


7000 grains of comose appendages, carefully separated from all other parts of the 
seed, were reduced to a powder by being passed through a Burroughs & Wellcome’s 
drug-mill, and the powder was macerated for six weeks with rectified spirit. The 
spirit was removed by pressure in a tincture-press, and the mare was twice afterwards 
saturated with fresh rectified spirit, which also was removed by strong pressure. The 
extract obtained by distilling and evaporating this tincture weighed 136 grains, and 
was of a dark reddish-brown colour, acid reaction, and bitter taste. Distilled water 
imperfectly dissolved it, a dark resinous substance remaining undissolved. The watery 
solution was filtered and several times carefully shaken with ether, and thereby an ether 
extract, weighing 47°1 grains, was obtained, which was reddish-brown in colour, and had 
a pleasant aromatic odour. The watery solution was then evaporated, and during its con- 
centration a considerable quantity of a dark pitch-like substance separated from it, which, 
when dried, became hard and brittle. The extract obtained on the further evaporation 
of the watery solution had a sweet mucilaginous odour and an acid reaction. It was, for 
the most part, soluble in a small quantity of rectified spirit, the insoluble residue weighing 
6°5 grains, and having the characters of mucilage. The addition of ether to the alcoholic 
solution produced an abundant precipitate, the alcohol-ether becoming at the same time 
densely milky. After standing for several hours the milkiness disappeared, and the 
decanted alcohol-ether yielded on distillation a further small quantity of resin. The pre- 
cipitate thrown down by ether from the alcohol solution weighed when dry 50°35 grains ; 
and it was bitter, markedly acid, amorphous, and of a dark brown colour. 

The chief results of this analysis are stated below. 


Analysis No. 42. 
7000 grains of comose appendages yielded— 
Alcohol extract (8 of rectified spirit to 1 of comose appendages), 136 grains = 1°94 si cent. 
136 grains of alcohol extract yielded— 


Ethyl ether extract, 471 grains = 34-63 per cent. of extract, or 0°67 per cent. of comose appendages. 
Mucilage, 6°5 grains= 4°78 0°092 
Resin, 30°36 grains = 22°32 0°43 
Impure strophanthin, 50°35 grains = 37-02 0°71 


” ” 
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As the impure strophanthin was found to have a sweet as well as a bitter taste, it was 
examined for glucose ; and this substance was found to be abundantly present in it, the 
amount indicated by Fehling’s solution being so much as 40°3 per cent. In the 50°35 
grains of very impure strophanthin there were, therefore— 


Impure strophanthin, 30°04 grains = 59°66 per cent. 
Glucose, 20°31 grains= 40°33 


Or, otherwise stated, 136 grains of alcohol extract actually yielded— 


Impure strophanthin, 30°04 grains = 22-08 per cent. of alcohol extract, or 0°42 per cent. of comose appendages. 
Glucose, 20°31 grains = 14°93 0°29 


The presence of strophanthin, or of a body acting like strophanthin, in the above 
ether precipitate (impure strophanthin) was demonstrated by administering 0°005 grain 
of it by subcutaneous injection to a frog weighing 450 grains, when the usual general 
and cardiac actions of a small dose of this active principle were manifested, and this dose 
proved to be a lethal one. 

Chemical tests were less conclusive, owing no doubt to the large quantity of glucose 
present. Dilute sulphuric acid and dilute hydrochloric acid (10 per cent.), with gentle 
heat, each produced a green colour, but in both cases this passed into a dark brown, 
almost black, without intermediate colour changes having been observed ; and dilute 
nitric acid, with heat, produced a brownish-yellow colour, which soon passed into 
gamboge-yellow. 

Search for an Alkalovd.—A small portion of the above impure strophanthin (or ether 
precipitate) was heated with soda lime, when it evolved alkaline fumes, which formed a 
white cloud with strong hydrochloric acid. The precipitate, therefore, contained nitro- 
gen. A 5 per cent. solution was accordingly tested with a number of reagents for 
alkaloids. The results were altogether negative with mercuric chloride, potassio-mercuric 
iodide, tri-iodide of potassium, potassio-bismuthic iodide, potassio-cadmic iodide, meta- 
tungstate of sodium and phosphoric acid, picric acid, sulphate of zinc, and cobaltous 
chloride. On the other hand, tri-bromide of potassium very slowly produced a slight 
amorphous, yellowish-white precipitate; nitrate of silver, a fairly abundant yellowish- 
white precipitate ; platinic chloride, after several hours, a slight diffused haziness; and 
chloride of gold and cupric sulphate, each a very faint precipitate. 

The greater part, 40°5 grains, of the ether precipitate (impure strophanthin) was 
then treated by Sras’ method for separating alkaloids. The acid solution in water was 
made distinctly alkaline by carbonate of sodium; it became much darker in colour, and 
at the same time a strong odour similar to that of ethylamine or methylamine was given 
off. The alkaline solution was carefully shaken with three successive quantities of ethyl 
ether; the decanted ethers were washed with distilled water and distilled; and the 
residue was dried. The alkaline solution was then similarly treated with three successive 
quantities of chloroform. The products thus obtained were— 
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Analysis No. 438. 


Ether extract, 0°04 grain = 0°098 per cent. of 40°5 grains of impure strophanthin. ° 
Chloroform extract, 0°18 grain = 0°44 40°5 


Assuming that the whole of the 50°35 grains of impure strophanthin had been sub- 
jected to Stas’ process, the results, on the above basis, would have been— 


Ether extract, 0°49 grain=0°036 per cent. of alcohol extract, or 0°0007 per cent. of comose 
appendages. 

Chloroform extract, 0°223 grains =0°163 per cent. of alcohol extract, or 0°003 per cent. of comose 
appendages. | 


Only an insignificant product, therefore, was obtained when the extract derived 
from a very large quantity of the comose appendages was subjected to Stas’ process for 
the separation of alkaloids. So small, indeed, was this product that its alkaloidal or 
other characters could not satisfactorily be determined. The following, however, were 
ascertained :— 

The ether product was amorphous, of a brownish-yellow colour, slightly bitter, and 
with a strong aromatic odour. It became opaque when distilled water or dilute acetic | 
or hydrochloric acid was brought into contact with it, and it was insoluble in each of 
these liquids, but it was readily dissolved by weak alkalies and again precipitated by 
acids. 

The chloroform product was also amorphous and brownish-yellow, and it had a faint 
aromatic odour and a decidedly bitter taste. It also became opaque when moistened 
with water, or with dilute acetic or hydrochloric acid; but while it was insoluble in 
water, it was partly soluble in a large bulk of either acid. Prolonged contact with dilute 
acetic acid resulted in a very bitter, yellowish solution being obtained ; and after several 
washings with this acid, the evaporated solutions gave an amorphous slightly coloured 
residue, which weighed only 0°04 grains. When administered by subcutaneous injec- 
tion, 0°01 grain of this residue was found to be a lethal dose for a frog weighing 470 
grains ; and the symptoms, including the changes in the heart’s action, were the same 
as those that are produced by strophanthin. The remainder of the 0°04 grains was dis- 
solved in distilled water, and tested with reagents for alkaloids with the following 
results :—Auric chloride caused a haziness, and tri-bromide of potassium and metatung- 
state of sodium with phosphoric acid each a very slight haze; but no change was caused 
by potassio-mercuric iodide, platinic chloride, potassio-bismuthic iodide, 
iodide, nor by picric acid. 

In another process, in which also 7000 grains of comose appendages were examined 
in the same manner as has above been described, the results were equally inconclusive 
of the existence of an alkaloid. It is a significant fact that when the alcoholic extract of 
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the appendages is made alkaline, a volatile body of alkaline reaction is disengaged, which 
has the peculiar odour of ethylamine or methylamine. 

That an alkaloid exists in the appendages has been frequently asserted on the avtho- 
rity of Harpy and GaLtots, who have gone so far as to designate it “Inéine.” They, 
however, give very imperfect evidence of its existence, although they appear to have had 
a sufficient quantity of the substance to enable them to make several pharmacological 
experiments with it. They state that it does not act on the heart as Strophanthus 
does, but at the same time they do not state how it does act, and even if it has any 
pharmacological action whatever. 

The very minute product which I have obtained by Sras’ process is, however, an 
active substance, with so close pharmacological resemblances to strophanthin itself, that 
it might well be merely impure strophanthin or an impure decomposition product of that 
glucoside. At any rate, the endeavours I have made, working with very large quantities of 
materials, to separate an alkaloid from the comose appendages, have failed to give evidence 
of the existence of an alkaloid. 


Placenta. 


By percolating 274 grains of placenta with 7 ounces of rectified spirit (=11 of spirit to 
1 of placenta), an extract weighing 8°4 grains (=3°06 per cent. of placenta) was obtained. 
When this extract was mixed with a little water and several times shaken with ethyl 
ether, 1°86 grains of ethereal extract (=0°67 per cent. of placenta) was separated from it, 
leaving 6°39 grains of dry alcohol extract (=2°33 per cent. of placenta). 


Analysis No. 44. 
From this 6°39 grains of alcohol extract there was obtained— 


Impure strophanthin, 1:7 grain = 26°5 per cent. of alcohol extract, or 0°62 per cent. of placenta. 
Resin, &c., 0°895 grain = 14 0°32 


This impure strophanthin became of a dark violet colour when it was heated with 
10 per cent. sulphuric acid, and one-tenth of a grain was rapidly fatal to a frog, and 
produced the ordinary pharmacological effects of strophanthin. 


Endocarp. 
The tincture obtained by percolating 548 grains of powdered endocarp of the follicle 


with 5 ounces of rectified spirit (=4 of spirit to 1 of endocarp) yielded 13°44 grains, or 
2°45 per cent. of extract, from which there was obtained— 


Analysis No. 45. 


Ethyl ether extract, 3°7 grains = 27°529 per cent. of extract, or 0°675 per cent. of endocarp. 
Alcohol extract, 10°54 grains = 78°422 1923 


| 

| 

e 
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On further examination, the 10°54 grains of alcohol extract was found to contain— 


Impure strophanthin, 5‘7 grains = 54-07 per cent. of alcohol extract, or 1:03 per cent. of endocarp. 
Mucilage, 3°67 grains = 34°81 0°67 
Resin, grain = 9°48 0°18 


This impure strophanthin was freely soluble in water, acid in reaction, and strongly 
bitter, though at the same time sweetish in taste. It was examined for glucose, and 
12 per cent. of this substance was found in it; so that in 5°7 grains there was 5:02 
grains, or 88°07 per cent. of impure strophanthin and 0°68 grains of glucose. 

Stated otherwise, 5°7 grains of very impure strophanthin contained— 

Impure strophanthin, 5°02 grains = 47°62 per cent. of alcohol extract, or 0°91 per cent. of endocarp. 

This impure strophanthin was amorphous, and of a pale brown colour and acid 
reaction. It gave indistinctly the chemical reactions of strophanthin, and 0°002 grain 
of it, by subcutaneous injection, was found to be a lethal dose for a frog, the pharmaco- 
logical effects being those of strophanthin. 


Pericarp. 
548 grains of the entire pericarp (including endocarp) of the follicle (see p. 981), 


reduced to a coarse powder, gave, by percolation with four parts of rectified spirit, an 


extract which weighed 9°92 grains, or 1°8 per cent. of the pericarp. This extract 
yielded— 


- Analysis No. 46. 
Ether extract, 3°8 grains = 38°306 per cent. of extract, or 0°693 per cent. of pericarp. 
Alcohol extract, grains = 59°475 1-076 


From this 5°9 grains of alcohol extract there was obtained— 


Impure strophanthin, 3°25 grains = 55-06 per cent. of alcohol extract, or 0°59 per cent. of pericarp. 
Mucilage, 2°32 grains= 39°32 0°42 
Resin, 0-23 grain = 3°89 __—sé~; 0°04 


” 


” 


The impure strophanthin was pale brown, acid, and hygroscopic; and it had a saline 
and only faintly bitter taste, and an aromatic odour. It contained an undetermined 
quantity of glucose. In its dry state a large number of minute acicular crystals were 
present in it, but these crystals disappeared when it became soft and liquid on exposure 
to the air. Chemical tests gave indistinct evidence of the presence of strophanthin. It 
possessed very feeble pharmacological activity, as 0°2 grain, administered by subcutaneous 
injection to a frog, weighing 427 grains, did not cause death, although this dose was 
sufficient to cause slight strophanthin symptoms. 


Leaves. 


100 grains of dried and well-preserved leaves, obtained from Mr Bucnanan, were 
ground to a coarse powder, and extracted with rectified spirit. The alcoholic extract 


‘ 
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obtained from this tincture was of a dark green colour and acid reaction, and it weighed 
5°51 grains. It was further examined so as to determine the quantity of its chief con- 
stituents. 


Analysis No. 47. 


Impure strophanthin, 127 grain = 23-04 per cent. of alcoholic extract. 
Crystalline substance, 0-36 grain = 6°53 
Mucilage, 0°27 grain = 4°9 


Resin, chlorophyll, fat (?), &c. 3-405 grains = 61°79 " ” 


The leaves, therefore, contain only a small quantity of strophanthin, and a large 
quantity of resin mixed with chlorophyll, &c. The impure strophanthin, which was pre- 
cipitated from an alcoholic solution by ethyl ether, was freely saluble in water, translucent, 
brownish-yellow, and bitter, and it gave a characteristic but dirty violet colour when 
heated with dilute sulphuric acid, and also produced the ordinary pharmacological effects 
of strophanthin when the one-hundredth of a grain was injected under the skin of a frog. 

The crystalline substance was obtained during the evaporation of a watery solution 
of the impure strophanthin. It crystallised in minute tufts of a pale brown colour, 
which, on microscopic examination, were found to consist of slender radiating needles. 
The crystals were nearly insoluble in rectified spirit, but were slightly soluble in water, 
and they were destitute of bitterness. When heated with dilute sulphuric acid, they for 
the most part dissolved and formed a bright yellow solution, which remained unchanged 
for many hours. One-twentieth of a grain, administered by subcutaneous injection, 
produced very slight effects in a frog, which recovered after exhibiting for two days 
symptoms of motor weakness with spastic phenomena, and slowing of the respirations. 


Bark of the Branches. 


When extracted with rectified spirit, the bark of the slender branches, sent by Mr 
BucHaNnaNn (p. 978), yielded 3°42 per cent. of extract, which was destitute of bitterness, 
having only a taste like that of wood. From a concentrated alcoholic solution of this 
extract, ether threw down a small precipitate, which amounted only to ‘75 per cent. of 
the bark, or 22 per cent. of the extract. The precipitate was soluble in water, and while 
the watery solution was being evaporated several long needle-shaped crystals appeared 
in it. Chemical and pharmacological examination of the precipitate failed, however, to 
give any evidence of the presence of strophanthin in it; and even 0°2 grain produced no 
effect when injected under the skin of a frog. 


Bark of Stem. 


Even a smaller quantity of alcoholic extract (1°5 per cent.) was obtained from the bark 
of the stem (p. 978). It also was devoid of bitterness, and no strophanthin could be 
detected in it by chemicsl or pharmacological tests. 


| 
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Root. 


Some fresh roots from plants grown in the Edinburgh Botanic Garden were grated 
and partially dried at from 100° to 103° F. The water lost was found to represent 33°34 
per cent. of the weight. 1191°2 grains of this incompletely dried root yielded 65 grains 
of dark reddish-brown alcohol extract, representing 5°457 per cent. 

Further analysis of this extract gave the following results— 


Analysis No. 48. 


Sixty-five grains alcohol extract yielded— 


Ethyl ether extract, 8-6 grains = 13°23 per cent. of alcohol extract, or 0°722 per cent. of dried root. 
Alcohol extract, 56°12 grains = 86°34 4°712 


The ether extract was of a reddish-brown colour, and it had a peculiar aromatic odour, 
and an acrid and slightly bitter taste. The alcohol extract was reddish-brown, acid and 
amorphous, and it had a distinctly bitter taste. A small quantity dissolved in water was 
tested with the following results :—Tri-bromide of potassium produced a slight haze, which 
afterwards subsided as a yellowish-brown precipitate, leaving a nearly colourless super- 
natant fluid; tannic acid produced a slight precipitate ; ferric chloride, a slight haze, 
becoming a brown precipitate ; and phospho-molybdic acid and potash, a blue colour : but 
no important ehange occurred with potassio-mercuric chloride, tri-iodide of potassium, 
platinic chloride, mercuric chloride, potassio-bismuthic iodide, chloride of gold, or picric 
acid. 


Analysis No. 49. 


The 56°12 grains of alcohol extract yielded on further examination— 


Impure strophanthin, 13°26 grains = 23°627 per cent. of alcohol extract, or 1°113 per cent. of dried root. 
Mucilage, 40° grains = 71°22 ~ 
Resin, 2°7 grains = 4°81 ” ” 0°226 ” ” 


The impure strophanthin was bitter, but it obviously contained much impurity, being 
brown in colour, and very difficult to dry, even in vacuo, over sulphuric acid. It, however, 
gave the pharmacological, and less distinctly the chemical, reactions of strophanthin. 

When examined for glucose, so large a quantity as 41°8 per cent. was found to be 
present ; so that in the 13°26 grains of this very impure strophanthin there were 5°55 
grains of glucose, and only 8°71 grains (or 65°68 per cent.) of impure strophanthin. 

Stated otherwise, from 65 grains of alcohol extract (Analysis No. 48) there were 
obtained— 


Impure strophanthin, 8°71 grains = 13°4 per cent. of alcohol extract, or 0°731 per cent. of dried root. 
Glucose, 5°5 grains= 8:54 0°46 


The foregoing account of an examination of various parts of the Strophanthus hispidus 
plant has shown that strophanthin is present in many other parts besides the seeds, as, 
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of the parts examined; the bark of the stem and branches. alone failed to give evidence 
of its presence. The endocarp and placenta of the follicles and the comose appendages 
of the seeds were found to contain larger quantities than the roots, leaves, or epi- and 
mesocarp. In none of these parts of the plant, however, is it so largely present as in the 
seeds, and none of them can so conveniently be used as the seeds to produce strophanthin 
or the pharmaceutical preparations of Strophanthus. 


(The pharmacology of Strophanthus hispidus will be described in a future part of the 
Transactions. ) 


EXPLANATION OF PLATES. 


Puate I. 


A. One of four arrows in the Materia Medica Museum, University of Edinburgh, tied together, and labelled 
by Sir Robert Christison, ‘ Poisoned arrows from the interior of Africa, poison unknown.” Poison 
found to be Strophanthus. i 

(The brown colour in this and the other arrows indicates the poison composition smeared on the arrow.) 

B. One of above four arrows. Poison also found to be Strophanthus. As this arrow closely resembles Kirk’s 
arrow (p. 957), it is probable that it, as well as arrow A, has been obtained from the Zambesi 
country. 

C. Arrow from a district 75 miles N.N.W. of Zanzibar. From Dr Felkin. Stated to be poisoned with the 
substance contained in packet J, Plate II. Found to be inert. 

D. Arrow from Wanyika country, north of Zanzibar. From Dr Felkin. Also stated to be poisoned with the 
substance contained in packet J, Plate II. Found to be active. 

E. One of five similar arrows in the Materia Medica Museum, University of Edinburgh, labelled “ Arrows from 
Negroes of River Gambir, poison unknown.” Poison found to be Strophanthus. 


Puiate II. 


F. Arrow from the Shiré District of East Africa. From Mr Buchanan. Poisoned with Strophanthus. 
G. Arrow also from the Shiré District. From Mr Buchanan. Poisoned with Strophanthus. 
H. Arrow from the West Side of Lake Tanganyika. From Dr Tomory. Poison unknown. Found to have a 
Strophanthus action. 
I, Scraped mature follicle of Strophanthus hispidus. Hairs of the comose appendages of the seeds are seen 
protruding through the partially split placental surface of the follicle. 
J. Packet of Wanyika poison. From Dr Felkin. Poison very active, and similar in action to Strophanthus. 


Puate III. 


Fig. 1. Root from small Strophanthus hispidus plant, one year old, grown in Royal Botanic Garden, Edin- 
burgh. Natural size. 

Fig. 2. Portion of root from mature plant, sent preserved in spirit from the Shiré District, East Africa. 
Natural size. 

Fig. 3. Transverse section through a constricted portion of above root from mature plant, from Africa. x 6. 

Fig. 4. Transverse section through a swollen portion of same root from Africa, showing great development of 
food-storing cellular tissue. x 6. 

Fig. 5. Leaf from a plant, one year old, grown in Royal Botanic Garden, Edinburgh. Natural size. 
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Fig. 6. Inflorescence, sent as a dried specimen from the Shiré District of East Africa. In the expanded 
flowers, the prolongations of the corolla-lobes are seen as long and drooping tails; whereas in the 
flower-buds they are seen (a) to be twisted together, and to project upwards. Natural size. 

Fig. 7. Flower-bud and fully developed flower. The contrast in appearance between the prolongations of the 
corolla-lobes in the fully developed flower and in the flower-bud (a) is clearly exhibited.’ x 1}. 

Fig. 8. Longitudinal section of fully developed flower, showing (a) the five stamens closely surrounding the 
pistil. x1}. 

Fig. 9. Stamen. x 4. 

Fig. 10. Pistil, showing cleft stigma and hirsute carpels. x 2. 

IV. 

Fig. 1. Surface-view of stem, from Africa. Natural size. 

Fig. 2. Transverse section of stem, showing thick cork layer. Natural size. 

Fig. 3. Follicles dehiscing. Natural size. 

Fig. 4. Mature follicles, reduced one-third, showing position of the two follicles when ripe. 

Fig. 5. Transverse section of unripe follicle, from the Shiré District, preserved in spirit. The line of future 
dehiscence is indicated at x. Natural size. 

Fig. 6. Seed with comose appendage. Dorsal view of seed. Natural size. 

Fig. 7. a, ventral or parietal, and 5, dorsal views of seeds. Natural size. In 7 a, the spot indicating the 
entrance of the funiculus is shown at z. 

Fig. 8. a, dorsal, and }, lateral view of specially large seeds. Natural size. In 8 3, the position of the funi- 
culus is shown at z. 

Fig. 9. Magnified view of the base or root of one of the hairs of the tuft of the comose appendage of the seed. 
x 230. 

Fig. 10. a, base, and 5, apex of the same hair as fig. 9, less magnified. x 52. 

Fig. 11. Small tufts or groups of the fine basal seed-hairs, which are interposed between the seeds and the inner 
surface of the endocarp. Natural size. | 

Fig. 12. a and }, magnified tufts of above hairs: 12 a, showing the roots, and 12 }, the apices. «x 52. 

Fig. 13. Immature seed showing the fine and relatively long hairs attached to the base of the seed. The hairs 

| have been teased out a little, in order to display them more distinctly. «x 6. 
Puiate V. 

Fig. 1. Transverse section of swollen portion of root of mature plant, from Africa. Same section as fig. 4, 
Plate III., but more highly magnified. a, layer of cork tissue; 6, cork cambium ; d, very broad 
cellular rind of food-storing cells, many containing conglomerate crystals ; e, wedge-shaped masses 
of bast tissue, with conglomerate crystals in a few of the cells ; f, cambium layer ; and g, central 
wood cylinder, exhibiting annual (?) growth rings. «x 80. 

Fig. 2. Transverse section of one-year old stem, from Edinburgh Botanic Garden. a, cork ; 6, cork cambium ; 
c, indurated cells of cellular layer ; d, ordinary cells of cellular layer, many containing conglomerate 
crystals, with an outer zone of shaded cells containing numerous chlorophyli corpuscles ; e, bast 
tissue ; f, cambium ; g, wood ; h, internal bast ; 7, pith. x 75. 

Fig. 3. Transverse section of outer part of old stem, from Africa. Same lettering as in fig. 2. x 75. 

Fig. 4. Longitudinal section of same stem as in fig. 3. A large portion of the inner wood region is not 
figured. Lettering the same as in figs. 2 and 3. In the bast tissue, ¢, besides bast cells, a sieve 
vessel and laticiferous cell are shown ; and in the wood, g, dotted and spiral vessels are seen at the 
interior portion. x 300. 

Fig. 5. Transverse section of an unripe follicle, sent in spirit from the Shiré District, showing the placenta 


and immature seeds, as well as the layers of the pericarp. a. epicarp ; 6, mesocarp ; c, endocarp ; 
z, tufts of basal seed-hairs. The line of future dehiscence is faintly indicated at zx Many of the 
seeds have fallen out. x 6. 
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Fig. 5a. Transverse section of epicarp and of outer mesocarp cells, from a hard mature follicle. 4, epicarp ; 
b, mesocarp. x 150. 

Fig. 5). Longitudinal section of mesocarp, composed of latex cells embedded in cells of matrix, from an 
immature follicle. x 150. 

Fig. 5c. Longitudinal section of endocarp, from a hard mature follicle, consisting of indurated cells, which, a, 
in the external layer (next mesocarp) are arranged longitudinally, and , in the internal layer are 
arranged transversely (circumferentially). x 230. 

Fig. 5d. Transverse section of endocarp from a hard mature follicle, showing the longitudinal direction in this 


section of the internal cells (6), and the transverse (circumferential) direction of the external cells (a). 
x 52. 


Puate VI. 


Fig. 1. Longitudinal section of seed cut parallel with its flat surfaces. a, testa, bearing hairs, and prolonged 
above to form the base of the stalk of the comose appendage ; b, tegmen, slightly developed ; c¢, 
albumen ; d, root-cap of embryo ; ¢, radicle of embryo ; /, one of the two cotyledons. «x 30. 
Fig. 2. Transverse section of seed, near position of the letter f in fig. 1. Lettering as in fig. 1; and ff, coty- 
ledons, gy, raphe. x 50. 
3. Longitudinal section of testa and tegmen. a, testa; ), tegmen. x 150. 
4. Internal view of testa, showing hoops of thickening on the primary membrane of each cell. x 350. 
Fig. 5. Longitudinal section of albumen. The starch granules have been stained with iodine. x 150. 
6. Transverse section of testa, tegmen, and albumen. a, testa; , tegmen; c, albumen. The starch 
granules have been stained with iodine. x 150. 
Fig. 7. Transverse section of cotyledon. The lower part shows the natural appearance, and the upper part 
(a) the appearance after treatment with } per cent. osmic acid solution, indicating a large quantity 
of oil. «x 350. 
Fig. 8. Transverse section of cotyledon, after treatment with ether. x 350. 


Puiate VII. 


Fig. 1. Semi-diagrammatic representation of longitudinal section of mature seed, cut parallel with the narrow 
diameter. Same lettering as in Plate VI. figs. 1 and 2. 4,9, raphe, with vascular bundle of 
funiculus passing into the seed at the upper gy. x 20. 

Fig. 2. Interior of the dorsal aspect of a follicle, displayed by removing the pericarp. The sods a are nearly 
concealed by the fine and relatively long basal seed-hairs covering them, which, in the entire follicle, 
are interposed between the seeds and the endocarp. The upper portion exhibits the compressed 
stalks and tufts of the comose appendages. Natural size. 

Figs. 3, 4, 5, and 6. Transverse sections of mature follicles in various stages of dehiscence, showing stages of 
opening of the follicle at its ventral surface, and of uncoiling of the placenta, p. Natural size. 

Fig. 7. Crystalline groups of Strophanthin, slowly formed in a dilute alcoholic solution after the addition of 
ether. x 6. 

Fig. 8. Crystalline Strophanthin (impure?) obtained by the evaporation of a watery solution of alcoholic 
extract of Strophanthus. x 195. 

Fig. 9. Usual microscopic appearance of Strophanthin obtained by the process described at page 1008. x 52. 

Fig. 10. Stropanthidin formed spontaneously in a solution of Strophanthin acidulated with sulphuric acid. 
Natural size. 
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XXII.—On the Foundations of the Kinetic Theory of Gases. III. 
By Professor Tarr. 
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I have explained at some length, in my “ Reply to Prof. Boltzmann,” * the circum- 
stances under which the present inquiry originated and has been pursued. Of these | 
need now only mention two :—/irst, the very limited time which I can spare for such 
work ; second, the very meagre acquaintance I possessed of what had been already done 
with regard to the subject. My object has been to give an easily intelligible investiga- 
tion of the Foundations of the Kinetic Theory; and I have, in consequence, abstained 
from reading the details of any investigation (be its author who he may) which seemed 
to me to be unnecessarily complex. Such a course has, inevitably, certain disadvantages, 
but its manifest advantages far outweigh them. 

In August 1888, however, I was led in the course of another inquiry t to peruse rapidly 
the work of VAN per WaAts, Die Continuitdt des gasformigen und fliissigen Zustandes. 
This shows me that Lorenz had anticipated me in making nearly the same correction of 
the Virial equation as that given in the earlier part of § 30 of my first paper. His 
employment of the result is a totally different one from mine; he uses it to find a 
correction for the number of impacts. The desire to make, at some time, this investi- 
gation arose with me when I was writing my book on Heat, as will be seen in the last 
paragraphs of § 427 of that book. It was caused by my unwillingness to contemplate 
the existence of molecular repulsion in any form, and my conviction that the effects 


* Proc. R.S. E., January 1888; Phil. Mag., March 1888. 
t “ Report on some of the Physical Properties of Water,” Phys. Chem. Chall. _ . Part IV. 
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ascribed to it could be explained by the mere resilience involved in the conception of 
impacts. 

The present paper consists of instalments read to the Society at intervals during the 
years 1887, 8. The first of these, which is also the earliest in point of date, deals with 
a special case of molecular attraction, on which, of course, depends the critical tempera- 
ture, and the distinction between gases and vapours. Here the particles which, at any 
time, are under molecular force have a greater average kinetic energy than the rest. 
Mathematical, or rather numerical, difficulties of a somewhat formidable nature inter- 
fered with the exact development of these inquiries. I found, for instance, that in spite 
of the extreme simplicity of the special assumption made as to the molecular force, 
the investigation of the average time between the encounter of two particles and their 
final disengagement from one another involves a quadrature of a very laborious kind. 
Thus the correction of the number of impacts could not easily be made except by 
some graphic process. 

One reason for the postponement of publication of the present part was the hope that 
I might be enabled to append tables of the numerical values of the chief integrals which 
it involves, especially the peculiarly interesting one 


y= [ede ‘ 
0 


Want of time, however, forced me to substitute for complete tables mere graphical re- 
presentations of the corresponding curves, drawn from a few carefully calculated values. 
These are not fitted for publication, though they were quite sufficient to give a general 
notion of the numerical values of the various results of the investigation; and enabled 
me to take the next step :—viz. the approximate determination of the form of the Virial 
equation when molecular attraction is taken account of. Part IV. of this investigation, 
containing this application, was read to the Society on Jan. 21, 1889, and an Abstract 
has appeared in the Proceedings. It appears that the difference of average kinetic 
energy between a free, and an entangled, particle is of special importance in the physical 
interpretation of the Virial Equation. 

An Appendix is devoted to the consideration of the modification which the previous 
results undergo when the coefficient of restitution is supposed to be less than 1. This 
extension of the investigation was intended as an approximation to the case of radiation 
from the particles of a gas, and the consequent loss of energy. But, so far as I have 
developed it, no results of any consequence were obtained. I met with difficulties of a 
very formidable order, arising mainly from the fact that the particles after impact do not 
always separate from one another. The full treatment of the impact of a single particle 
with a double one is very tedious ; and the conditions of impact of two double particles 
are so complex as to be totally unfit for an elementary investigation like the present. 

The remainder of the Appendix is devoted to two points, raised by Professors 
NewcomB and Bo.tzManv, respectively :—the first being the problem of distribution of 
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speed in the “ special ” state ;—the other involving a second approximation to the 
estimates of Viscosity and Thermal Conductivity already given in Part II. 


XV. Special Assumption as to Molecular Force. 


§ 57. To simplify the treatment of the molecular attraction between two particles, 
let us make the assumption that the kinetic energy of their relative motion changes by 
a constant (finite) amount at the instant when their centres are at a distance a apart. 
This will be called an Encounter. There will be a refraction of the direction of their 
relative path, exactly analogous to that of the path of a refracted particle on the corpus- 
cular theory of light. To calculate the term of the virial (§ 30) which corresponds to 
this, we must find 

(a) The probability that the relative speed before encounter lies between u and u+du. 

(b) The probability that its direction is inclined from 0 to 0+d8@ to the line of centres 
at encounter. 

(c) The magnitude of the encounter under these conditions, and its average value. 

Next, to find the (altered) circumstances of impact, we must calculate 

(d) The probability that an encounter, defined as above, shall be followed by an impact. 

(e) The circumstances of the impact. 

(f) The magnitude of the impact, and its average value per encounter. 

In addition to these, we should also calculate the number of encounters per second, 
and the average duration of the period from encounter to final disentanglement, in order 
to obtain (from the actual speeds before encounter) the correction for the length of the free 
path of each. This, however, is not easy. But itis to be observed that, in all probability, 
this correction is not so serious as in the case when no molecular force is assumed. For, 
in that case the free path is always shortened; whereas, in the present case it depends 
upon circumstances whether it be shortened or lengthened. Thus, if the diameters of the 
particles be nearly equal to the encounter distance, there will in general be shortening of 
the paths, and consequent diminution of the time between successive impacts :—if the 
diameters be small in comparison with the encounter distance, the whole of the paths will 
be lengthened and the interval between two encounters may be lengthened or shortened. 
Thus if we assume an intermediate relation of magnitude, there will be (on the average) 
but little change in the intervals between successive impacts. Hence also the time 
during which a particle is wholly free will be nearly that calculated as in § 14, with the 
substitution, of course, of a for s. 


XVI. Average Values of Encounter and of Impact. 
$58. The number of encounters of a v, with a v,, in directions making an angle 8 with 
one another, is by § 21 proportional to 


sin BAB , 
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Hence the number of encounters for which the relative speed is from u to u+du 
proportional to 


Uv; 


The limits of v, are vu, or ut», according as vzu, and those of v are 0 to o, so that 


~- g~ 


The first term of this integral may be written as 


The first term vanishes, and ae: second is 


wdw 


and the second as 


Together, these amount to 


Thus the value of (1) is 


But, on the same scale, the whole number of encounters in the same time is 


I, 1 


Thus the fraction of the whole encounters, which takes place with relative speed 
u to u+du, is 
~ 


whose integral, from 0 to «, is 1 as it ought to be. 

§ 59. Now these relative motions are before encounter distributed equally in all 
directions. Let us deal therefore only with those which are parallel to a given line. 
The final result will be of the same character relative to all such lines; and therefore 
the encounters will not disturb the even distribution of directions of motion. 


the integral is 
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Refer the motion to the centre, O, of one of the encountering particles. Let A be 
the point midway between the particles at encounter, B that of impact, the encountering 


particle coming parallel to CO. Let OA=a/2, OB (as before)=s/2. Let 0, ¢ be the 


angles of incidence and refraction at encounter, w that of incidence at impact, u and w 
the relative speeds before and after the encounter. Then 


wu sin sin ¢; 
and, if Pc* represent double the work done in the encounter by the molecular forces, 
u* cos +c? = w* cos 
so that 
Also it is obvious from the diagram that 
ssin y=a sin 
WwW 
Hence the encounter will not be followed by an impact if 
au 


§ 60. We must next find the average value of an encounter, and also of an impact; 
in the latter case taking account of all the encounters whether or not they involve an 
impact. 

The numerical value of the encounter-impulse in the above figure is evidently 


P(w cos cos 6)/2, 


which must be doubled io include the repetition on separation; and the average value, 
when the relative speed is w, is 


0 


A 
| 
/ | 
/ 
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The value of the subsequent impact is 
— Pw cosy, 


— 2Pw/cos sin 


When sw>au, the limits are 0 and 5s and the value is 


But when sw<au, the limits are 0 and sin , and the value is 


and the average value 


(5). 


By (2) and (3) we find as the average value of the encounter, taking account of all 
possible relative speeds, 


or, if we write for simplicity, 
= he2/2, 


l)+e/2— /2 of's-ray} 


The expression obviously vanishes, as it ought to do, when e=0. And it is always 
positive, for its differential coefficient with respect to e is 


In a similar way (4) and (5) give, with (2), as the average impact per encounter, 


P sh? a*u*\3 ~ hut/2 


= a4 u*udus 1-4) 
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The first integral we have already had as part of the encounter. To simplify the 
second, let s/a=cos a, and it becomes 


cota 
0 


which, with tan *a=2?, gives 


a 


or 


The whole is now 
2 r4 AC cot 2a 
2 2 on 
= + /3t — rays 2e tan 2a — tanta fae 


e cota 


which, when e=0 and cos a=1, becomes 
T 
as in § 30. 


It would at first sight appear that the value of the impact is finite (= —Pe,/ i) 


when there is no nucleus (i.e. = *). But, in such a case, we must remember that the 


second part of the first expression for R above has no existence. In fact the value of 
the second of the two integrals is ,/2 tan*a.ecota, when ecota is small; and this 
destroys the apparently non-vanishing term. 


XVII. Effect of Encounters on the Free Path. 


§ 61. If two particles of equal diameters impinge on one another, the relative path 
must obviously be shortened on the average by 


sin 0 cos 
0 


But if v, v, be their speeds, and v, their relative speed, the paths are shortened respect- 
ively by the fractions v/v, and v,/v) of this. The average values must be equal, so that 
we need calculate one only. 


2 
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Now the average value of v/v is obviously 
Jono sin BAB 
sin. 
where £ is the angle between the directions of motion, so that 


vv, sin BdB =v,dv,. 


Hence the average above is 


Hence the mean of the free paths during a given period becomes 


8° 
that is, it is shortened in the ratio 


or 
1—4 (sum of vols. of spheres in unit vol.) :1=1—5: 1 say. 
Hence the number of collisions per second, already calculated, is too small in the 


same ratio. 


Thus the value of 2(R) in § 30 must be increased in the ratio 1: 1—y, and the virial 
equation there given becomes 


If this were true in the limit, the ultimate volume would be double of that before calcu- 
lated, 2.e. 8 times the whole volume of the particles. 

§ 62. Another mode of obtaining the result of § 61 is to consider the particles as 
mere points, and to find the average interval which elapses between their being at a 
distance s from one another and their reaching the positions where their mutual distance 
is least. The space passed over by each during that time will have to be subtracted 


from the length of the mean free path calculated as in § 11 when the — were 
regarded as mere circular discs. 


The average interval just mentioned is obviously 


1 S sin 6 cos 6d@ 


= 
Uv; 
3 
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Hence the average space passed over in that interval is 


28 [2- /28 
If we put @ for s in this expression we have the amount to be subtracted from the 
average path between two encounters in consequence of the finite size of the region of 
encounter. 


XVIII. Average Duratwn of Entanglement, and consequent Average Kinetic Energy. 


§ 63. We have next to find the average duration of entanglement of two particles :— 
i.e., the interval during which their centres are at a distance less than a. 

The whole relative path between the entering and leaving encounters is 

2(a cos cos , 
2a cos 

according as there is, or not, an impact. 

Hence the whole time of entanglement is the quotient, when one or other is divided 
by w. And the average value, for relative speed 1%, is 


AC a ./w*—vu? sin ,/w*s? - sin cos 6 sin 6d 6, 
when ; 
and 


when ws <au. 
These must be multiplied by the chance of relative speed u, as in § 58, and the result is 


or, with the notation of § 60, 


2ah? dw —hw2/2 Qah?2 2a +hz2 cosec 24,2 
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As the value of this expression depends in no way on the length of the free path, it is 
clear that the average energy of all the particles is greater than that of the free particles, 
by an amount which increases rapidly as the length of the free path is diminished. 


APPENDIX. 


A. Coefficient of Restitution less than Unity. 


Let us form again the equations of § 19, assuming e to be the coefficient of restitu- 
tion. We have 


so that 
— +), 


The whole energy lost in the collision is half the sum of these quantities, viz., 


With the help of the expressions in § 22, we find for the average changes of energy of 
a P and of a Q, respectively, 


1 = — ~eXh+h)) 


The first term on the right is energy exchanged between the systems; and, as in the 
case of e=1, it vanishes when the average energy per particle is the same in the two 
systems. The second term (intrinsically negative for each system) is the energy lost, and is 
always greater for the particles of smaller mass. The average energy lost per collision is 


It is easy to make for this case an investigation like that of § 23. But we must 
remember that there is loss of energy by the internal impacts of each system, which must 
be taken into account in the formation of the differential equations. This is easily found 
from the equations just written, by putting Q=P:—but the differential equations 
become more complex than before, and do not seem to give any result of value. [Shortly 


| 
P(u’— u)=— —v)=— Q(v'- Vv), 
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after Part I. was printed off, Prof. BurnsipE called my attention to the fact that the 


equations of interchange of energy in § 23 are easily integrable without approximation. 
But the approximate solution in the text suffices for the application made. ] 


B. The Law of Distribution of Speed. 


In addition to what is said on this subject in the Introduction to Part II., it may be 
well to take the enclosed (from Proc. R. S. E., Jan. 30, 1888). 

“The behaviour parallel to y and z (though not the number) of particles whose 
velocity-components are from x to «+dz, must obviously be independent of x, so that 
the density of ‘ ends’ in the velocity space diagram is of the form 


fix) Fly, 2). 


The word I have underlined may be very easily justified. No collisions count, except 
those in which the line of centres is practically perpendicular to x (for the others each 
dismiss a particle from the minority; and its place is instantly supplied by another, 
which behaves exactly as the first did), and therefore the component of the relative speed 
involved in the collisions which we require to consider depends wholly on y and z motions. 
Also, for the same reason, the frequency of collisions of various kinds (so far as x is con- 
cerned) does not come into question. Thus the y and z speeds, not only in one a layer 


but in all, are entirely independent of 2; though the nwmber of particles in the layer 
depends on x alone.” 


C. Viscosity. 


In my “ Reply to Prof. Bottzmann” I promised to give a further approximation to the 
value of the coefficient of Viscosity, by taking account of the alteration of permeability 
of a gas which is caused by (slow) shearing disturbance. I then stated that a rough 
calculation had shown me that the effect would be to change my first, avowedly approai- 
mate, result by 11 or 12 per cent. only. I now write again the equations of § 36, 
modifying them in conformity with the altered point of view. 

The exponential expression in that section for the number of particles crossing the 
plane of yz, must obviously now be written 


where 2, is the velocity velative to the absorbing layer at &, and e also is no longer constant. 

But we have at once 

VU) =U+ BE sin 6 cos 

80 that the exponent above is 


(ev +(ev)'BE sin cos 
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Thus the differential of the whole y-momentum which comes to unit surface on r=0 
from the layer x, x +dz, is 


“PPnvevs-* (1- ey sin cos + Bar )sin . 


Integrating with respect to ¢ from 0 to 2a, to x from 0 to «, and to @ from 0 to 5 
and doubling the result, we have 


The first term expresses my former result, viz. 


BPC, 
h 


BPn (4 _ve')_2BPn 2BPC, 
The ratio is 2C,/5C, = 3°704/4°19 = 0°882. 
It is worthy of remark that the term 


(evy 
Je 


5C, —2C, 


and that 4/5ths of the C, term are due to e’. 


But the whole is 


has the value 


D. Thermal Conductivity. 


Applying a process, such as that just given, to the expressions in § 39, we find that 
the exponential in the integral for the number of particles must be written 


to the required degree of approximation. [Properly, the superior limit of the @ integra- 
tion should be cos” ; but this introduces quantities of the order a’ only.| Thus equation 


(1) becomes 


In the same way equation (3) of § 41 becomes 


nfo 
3 Tee) 
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Thus equations (1’) and (3’) of § 42 become, respectively, 


and 


Thus we have finally to deal with the new forms of (1”) and (3”) of § 43, viz. :— 


a= oh O12 


Aa’ 


When similar methods are applied to the diffusion equations, they become hopelessly 
complicated. 
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XXIII.—On Systems of Solutions of Homogeneous and Central Equations of the nth 
Degree and of two or more Variables; with a Discussion of the Loci of such 
Equations. By the Hon. Lord M‘Laren. (Plates I-VI.) 


(Read 6th July 1888.) 
PAGE PAGE 
1. Principle of Homogeneous or Linear Variation of a 13. Diameters in Central Curves of Higher Degrees, . 1068 
Homogeneous Function, . 1044 | 14. Sextic Curves of the Homogeneous Form F(z, y)*= A®, 1070 
2. Application of the Principle to Gnding Solutions of 14a. To find the Equations of the Equiaxial Curves re- 
Homogeneous Equations of one part. (Case I.), . 1045 ferred to Secondary Axes, . : - 1070 
3. Solution of Equations of two Homogeneous _ of 14, Limiting Forms of the Equiaxial Curves, , 1072 
different Degrees. (Case II.), . ° 1049 | 14c. Form and Variations of the Equiaxial Curves S 
4. Another mode of Solution ; viz., by expressing each gt ) 1073 
of the r Variables in terms of r—1 New Variables, 1050 | 14d. Examples of the other Equiaxial Curves, ° 1075 
5. Solution of certain Homogeneous Equations by the 15. Determination of Contour-Lines of Homogeneous 
introduction of a New Variable. (Case III.), . 1052 Surfaces, . ‘ 1079 
6. Soluble Cases of the Homogeneous Function F,(z, y,z) 16. Central Curves whose Equations 2 are of the “Form 
=0,. 1057 y)"=F,(z, y)*-?, ; . 1081 
7. Solution of Remeguneces Equations of Functions 16a, Examples of such Curves (Sixth Degree), ‘ 1082 
of the Variables. (Case IV.), . . 1057 | 17. Contour- Lines of Surfaces derived from Central 
8. To find the Condition under which Parallel Sections Curves passing through their Centres, ye HOM 
of a given Surface may be similar Curves, . . 1058 | 18. The Wave-Surface, ; , ‘ . 1085 
9. Classification and Forms of Curves considered as Sec- 19. Curves Symmetrical about One iste Pp 1086 
tions of Surfaces whose Equationsare Homogeneous, 1060 | 19a. To find a Symmetrical Expression for the Oval of 
10. Classification of Central Curves of the Form Single Symmetry, . ‘ . 1088 
F(z, y*=A*, . 1062 | 19). Examples of Curves of Single Symmetry, ‘ - 1089 
11. Transformation to Secondary Axeo—Bale of Signs, . 1064 | 20. Parabolic Limiting Forms, .. 
12. Diameters in Central Curves of the Fourth Degree,. 1066 | 21. Biradial Coordinates, . . . ‘Wee ae: 


The purpose of the present paper is to ascertain how far it is possible to find exact 
solutions or values of x, y, &c., in equations between variables, so that the forms of plane 
curves and contour-lines of surfaces may be exactly determined. No approximate 
methods have been admitted, and only those methods have been used which are applicable 
to algebraic equations of every degree and any number of variables. In the examples 
given I have generally selected equations of even degree and even powers of the variables. 
But every such solution evidently includes the solution of the non-central equation of 
half the degree having corresponding terms and equal coefficients. The methods of 
solution employed are founded on the following introductory theorem or principle, which 
may be described as that of Homogeneous or Linear Variation of the quantities. 

The paper, as laid before the Royal Society in July 1888, embraced only the solution 
of homogeneous equations in which one of the quantities was given explicitly in terms of 
the others. The preparation of the paper for the press having been interrupted by my 
absence abroad for a considerable time, I have resumed the investigation from a more 
general point of view. 

VOL. XXXV. PART IV. (NO. 23). 7 U 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


1044 HON. LORD M‘LAREN ON SYSTEMS OF 


1. Principle of Homogeneous or Linear Variation of a Function, 


If F(a, B, y ...)"=0 be a homogeneous function of the n™ degree of any number of 
quantities, a, B, y,...; and if a, 8,7, &c., be known values of these quantities satisfy- 
ing the equation, then may another set of values, a,, B;, ys, satisfying the equation, be 
found by multiplying or dividing each term by any desired factor, m”. 

Let the function consist of a series of homogeneous terms of powers of the quantities 
a, B, y,... multiplied by coefficients p, g, ... and equated to zero. Let a,, B,, y, be 
values satisfying the equation ; which accordingly will be of the form 


where the last term is the generalised term for three quantities. 

To find a new series of values satisfying the equation, we have only to multiply every 
term by the same numerical quantity, m". The equation is, of course, unaltered in value, 
and is now of the form 


where the term in the second line is the generalised form of a term resulting from the 
multiplication of the function by m”. 

By writing a, for ma,, B, for mB,, y. for my,, &c., the equation is restored to its 
original form, with a new set of values, a,, B,, y2, of these indeterminate quantities satisfy- 
ing the equation. Comparing the two sets of values, we find the relation 


which was to be proved. 

The preceding proof evidently includes the cases of negative, reciprocal, and fractional 
indices. 

In the preceding theorem it is not assumed that all the quantities a, B, y,... 
are variables; and the proof is evidently the same, whether all the quantities are con- 
ceived as being subject to indefinite variation, or whether some of them are conceived as 
having only certain definfte values from which values of the ether quantities are to be 
obtained. For example, if a,8, are variable coordinates, and y, is a parameter, the set 
of values a,, 8), y: represents a point on a plane curve of the nth degree having the para- 
meter y,, and the set of values a,, 8,, y, represents a corresponding point on a similar 
curve whose parameter is y, But if the three quantities a, 8, y are all conceived as being 
subject to indefinite variation, y being then a third coordinate, the function represents a 
conical surface of the nth degree, and the two sets of values then represent corresponding 
points on parallel, and therefore similar, plane sections of this surface. 

Again, certain of the quantities may represent the coordinates of a point on a central 


a) B, 
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plane curve or central surface, while others of these quantities may represent the 
coordinates of the centre. If now the function represents a central surface whose centre 
is variable in position, we may have seven quantities, whereof one is a parameter, and 
six are variables. When the number of variables exceeds three there must, of course, be 
other relations between the coordinates, otherwise the problem becomes indeterminate. 
In the case supposed, a second equation between the coordinates of the centre and one 
of the coordinates of the surface determines the curve or surface which the centre is 
supposed to describe, and supplies the necessary elements for the solution of the first 
equation. I have introduced this illustration because every homogeneous equation of 
even degree of three or four quantities represents a central curve or central surface 
respectively referred to the centre ; and it is easily seen that, if the origin be changed to 
any point, whether exterior or interior to the curve, the left-hand side of the resulting 
equation is a homogeneous function of the original coordinates, and the coordinates of 
the centre. 


2. Application of the Principle to finding Solutions of Homogeneous Equations 
of one part. (Case I.) 


The most obvious application of the method of homogeneous variation is to the 
exact determination of a series of points on a curve or surface whose equation is given 
in the form of a homogeneous function equated to an arbitrary term. The method, 
however, is purely analytical, and it is not necessary that the quantities should have a 
geometrical interpretation. The arbitrary term is to be expressed as the n™ power of 
a number w, and the equation is then of the form— 


The quantity w is evidently a parameter, being the value of « when y=0, It is 
required to find a series of exact values of x and y to the given parameter w. The 
values to be found may be denoted by 2, y,, 2, y,... Let &, , be any values arbitrarily 
assumed; these values are to be inserted in the given function, and the value of the 
parameter computed by summing the terms and extracting the nth root of the sum. 
The equation formed may be called auxiliary equation (1); and may be written— 


Then by the preceding theorem we have the relation 2,/f, = y,/y, = w/w,, which gives 
for the coordinates of the first point (or first set of values of the original equation) 
= ; = w/w, 

A second auxiliary equation being formed from new assumed values én, and the 
parameter w, computed, we find from these data the coordinates of a second point (or 
second set of values of the original equation), viz., 7,=&w/w.; y2=n2w/w.2, and so on. 
These are true algebraic solutions of the given equation. 


| 
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This method of finding solutions of indeterminate quantities is hereafter referred to as 
the method of Homogeneous Variation, because all the quantities are varied proportion- 
ately in order to obtain a new series of values. - 

Although only two variables, x and y, are here expressed, the explanation of the 
method of solution is intended to cover the case of an equation of three or more variables, 
In order to simplify the illustrations as much as possible, I shall generally suppose two 
variable quantities x and y; or 7 cos @ and r sin 9; w is then the parameter or inter- 
cept on the axis of X. It is convenient to take this quantity= unity, which can always 
be done by dividing out. 

In order that the series of points to be found may correspond to equal angular 
intervals, it is best to assume ~,. and »,,., equal respectively to the cosine and sine 
of an angle. Then x... y,,,, are proportional to the same cosine and sine, and are 
the rectangular coordinates of the curve to the argument 0. 


Example 1. 


For the sake of clearness, I shall, in this example only, dispense with the use of 
logarithmic tables, and find two values of x and y from auxiliary equations in which the 
assumed values are whole numbers. 

(1) Let &=1; »,=1. The sum of the terms of the auxiliary equation is 12; 


1 
W=12""*; 


This may be verified as follows:—Let x, and y, have the values here found. Then 
taking the terms of the equation in their order, 


and so on; and the terms are as under— 


act 2x8 y 4acy® 2y* 
1 2 3 4 2 
12 12 12 12 12 


Sum of the terms= 


et as it should be. 


(2) Let &=1; 7,=2; the sum of the terms of the auxiliary equation is 


This solution may be verified in the same way as the preceding without the use of 
logarithms. 


143 
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In the next example I shall take the assumed quantities &,.... 2... from the trigono- 
metrical tables; so that logé,=log cos @,; log y,=log sin and so on, and thence 
determine 22... ¥i2... for parameter= 1. 


Example 2. 
+ + + y= w=), 


Values of x and y will be found to the arguments, @=20°; @=30". 
1. Let 6,=20°; &=cos 20°; »,=sin 20°; 27, =£,/w,; 


Log cos 20° = 1:9730 Nat. numbers. log cos* = 1°7840 
log cos®  1°8380 log sin®?+ 10682 
log cos® «1-78 40 En? = 00712 2°8522 
log cos’? 17300 £19 05370 =log 

Log sin 20° = 15341 log cos* = 1°8380 
log sin? 10682 log sint+1°1364 
log sin‘ 21364 Ent 00094 39744 
log 53410 (insensible) 
log w'® ==1°7907 06176 =log 
log w 19791 

log &, = 1°9730 log = 1'5341 
—log w, 1:9791 —log w, 19791 
log z, 1°9939 log y, 1°5550 
2. Let €=30°; &=cos 30°; ,=sin 30°; 

Log cos 30° = 1:9375 Nat. numbers, log cos*= 1°5000 
log cos® 1°6250 log sin*+ 13980 
log cos® 1°5000 00791 28980 
log cos! 18750 02371 = log 

Log sin 30° 1°6990 log cos® 1°6250 
log sin? 1:3980 log sin*+2°7960 
log sint 2°7960 Ent 00264 24210 
log sin’? 49900 (insensible) 
log w? 15348 = 03426 =log 
log w 19534 | 

log &,=1°9375 log 1°6990 
—log w, 19534 log w, 1°9534 
log 1°9841 log 1°7456 
= 9860; ='3589 ; 
Results Paste 
5567. 


The following independent analytical proof of the general theorem, including its 


| 
| 
| 
| 
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extension to any number of variable quantities, was communicated to me by Dr Tuomas 
Morr after reading the first sketch of this paper :-— 
Since x=a, y=b is manifestly a solution of the equation 


... =A,a"+ ... + And, , 


=p say, 
then 
gue 
Pa Dx 


1s a solution of the equation 
Aye" + "y+ eee +A,y"=1 


For, substituting for x, y, the left-hand side becomes 


a" a"-1h 
.—+A 


P P 


This proof, as well as that formerly given, is applicable to functions of any number 
of variables. For example, the equation 


y* + 
has the algebraic solution 


a 
b 
a/at+b*+ 6b8c+ Tabe? 


Y= 


And quite generally we can formulate as follows :— 
| Lf be a homogeneous function of the nth degree in r variables, the equation 


has the algebraic solution 


| 


Gn 
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3. Solution of Equations consisting of two Homogeneous parts of Different 
Degrees. (Case IT.) 


These equations represent a class of central curves or surfaces essentially different 
from the preceding. In the case of equations of even degree the curve F,(x, y) =A” 
cannot pass through the centre; while curves which are of the form F,(z, y) = F,_,(z, y), 
when reduced to the lowest terms, generally pass through the centre, because their 
equations are satisfied by the values x=0; y=0. 

Equations of the form F,(z, y)= F,,_,(2, y) are e really homogeneous, or, at least, are 
reducible to homogeneous form by division. = 

Take, for example, the equation 


Aa? + 


Q: 
Ha? 


By division we have 


where the left-hand side is homogeneous, and of the 2nd degree. Consequently, by the 
results of the preceding analysis (sections 1 and 2), a solution is 


Ha*+ 
Ha’ + Kb’) { ’ 


where a and b are any quantities whatever. This may be directly verified as follows :— 
Calling the expression under the root-sign w and substituting, we have 


Ax + Exy* = Aa Eab*( ./w)? 
=(Aa’+ Eab*\ Ja)? 
and 
Q(Ha* + = Q(Ha*( ,/w)'+ Kb% ,/w)*) 
= Q(Ha*+ Kb*)( 
Hence 


— (Aa’+Eab*)( /w)? 
Q(Hat+Ky*) Q(Ha®+ Jw)? 


_ Aa’+Eabt 
Q(Ha®+ ° 


_ Aa’+Eab*  Q(Ha*+ Kb») 
~ Q(Hat+Kb*) Aa>+Eabt 


=1, as it should be. 


This quasi-extension of the original theorem may be formulated as follows :— 


| 


1050 HON. LORD M‘LAREN ON SYSTEMS OF 


If p be a homogeneous function of the n™ degree in 7 variables, and W a homogeneous 
function of the (n—p)” degree in r variables, the equation 


has the solution 


..-, 
(a,,...,4,) 
W(a,,... 
p(a ,...,M,) 


The cases here examined evidently include the following forms :— 


F(x, y)= Az"? ; y) = Aa"*? 
and 


F(a, y)=2’, 


where 2’ is a soluble function of other quantities, whose numerical value can be found 
and stated as a power of z. 


4. Another mode of Solution; viz., by expressing each of the r Variables in terms 
of r—1 New Variables. 


(1) Where there are only two variables X and Y, we have the relations Y = X tan 0@; 
X=Yecotan@, from which by substitution and division we may at once write the 
transformed equations of the homogeneous function f(x, y)"=1, 


1 +a, tan +a, tan +... (1) 
cotan"@+ +a,cotan"~'@ +a,cotan"-"@ +... =v 


Supposing a series of values of X to be formed from (1), and tabulated for the argument 
9, then the column of values of Y is found by adding to each value of log X the cor- 
responding log tan 8. 

(2) When there are three or more variables a, 8, y, &c., they may, in like manner, 
be all expressed as functions of one of them, a, and new quantities. For this purpose, 
assume B=atan¢d; y=atany, &c., or more generally, B=la; y=ma; S=na, &e. (3) 

Substituting these values, and dividing by a", the transformed equation will then 
consist of a series of powers of 1, m, n, &c., equated to 1/a". Values of a may then be 
directly computed for any arguments or assumed values of J, m, n; and the other 
quantities, B, y, 5, &c., are formed from (3). 

The manner of doing this is shown by the following examples. (1) Let the equation be 


. . . 
x is the quantity of which values are to be directly found; @ is the angular coordinate in 
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the plane wy; ¢ is tlie angular coordinate in the plane xz; y=axtan@; z=xtand¢; and 


the transformed equation is 


+3tan0.tan‘¢ + tan®9} =1 


= {1+ tan*@tan’¢ +3 tan’6 tant¢ + tan®6}"* . 


Suppose we want a series of values of x and y to the argument of tan¢é=1 or z=2, 
the reduced equation is 1/e= {2+ 4tan’@}"", from which the following values are directly 


found 


@=". 15° 30° 45° 60° 
Log tan = 17-4281 17614 00000 0:2386 
Log = 28562 15228 00000 04772 
Tan’0 = 00718 03333 10000 30000 
4 +2 = 22872 33332 60000 140000 
Log (4 = 0°3593 05227 07782 11461 
1/8 =log 1/x = 0:0449 00653 00973 01433 
Log « = 19551 19347 19027 1°8567 
Log y = 13832 16961 19027 00953 
= 09018 0:8604 07993 07190 
y = 02416 07251 07993 5°2360 


(2) Let the equation be 


a’ + + at By =1 


B=la; y=ma; 5=na; and the transformed equation is 


= 
a 


(5) 


If it is desired to find values of a and 8 to the arguments /=1, m=1, the reduced 
equation is 2+n*=1/a,. [n=tanv. | 


v 20° 40° 60° 80° 
Log tan*v = 15611 19238 02386 0°7537 
Log tan*v = 26833 17714 0°7158 22611 
2+ tan®y = 20482 25907 71980 184-4500 
Log (2+ tan*v) = 03113 04135 0°8572 2°2658 
1/10=log 1/a = 003113 004135 008572 022658 
Log a = 196887 195865 191428 177342 
Log tan v = 15611 19238 02386 0°7537 
Log 8 = 15300 18825 01529 05271 
a = 09309 09093 08210 05934 
= 03388 0°7630 1:4220 33660 


An equation consisting of a single homogeneous part may also be reduced to polar 
coordinates and solved for r. If we write rcos@ for x, and r sin @ for y, and divide by 
, the resulting equation is 

Cos + A,.cos*-10.sin 0-+A, cos'-*0.sin? sin"@= "= 
VOL. XXXV. PART IV. (NO. 23). ee 
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whence 1/r” is found by summing the terms. But for purposes of computation the 
formule of the preceding paragraph are preferable, because they contain only half the 
number of trigonometrical quantities that are contained in the polar expression. « 

Where there are three variables, and it is desired to obtain values of a radius vector in 
terms of @ and the spherical angle ¢, the computation may also be simplified by making 
use of cylindro-polar coordinates. In this system r is the radius vector in the plane of 
XY; thencex=rcos#; Each term of «x,y,z then contains at the 
most only three trigonometrical quantities to be computed, instead of five, as in the 
ordinary spherical system, and the angles @ and ¢ are the same. 

The spherical radius vector, if required, can be afterwards found by the relation, 
spherical radius-vector =rsec¢. The equation of three variables transformed to 
eylindro-polar coordinates is of the form 


cos"@+ {A,cos" -26.sin 6+ A; ... }tan p+ {cos"-*9.sin@+ ...} tan®¢ 
+...+sin"@+ tan"*¢=1/r". 


Examples of solutions effected by transformation to polar and cylindro-polar coordin- 
ates will be given in the sequel. 


5. Solution of certain Homogeneous Equations by the introduction of a New 
Variable. (Case III.) 


It is only in the case of homogeneous equations that the n™ root of the arbitrary 
term is a parameter or value of x when y=0. In all other cases the parameter is 
determined by an equation in x or y (as the case may be), which in the case of the 
higher degrees can only be solved by approximation. Hence the method of homogeneous 
variation is not directly applicable. In applying the principle of homogeneous variation 
to functions which are not homogeneous, we must consider the function of two variables, 
as a particular value of a function of three variables in which z has become unity. Thus, 
if we suppose a surface to be represented by an implicit homogeneous function /(a, y, 2), 
a plane section, parallel to the plane zy and at a distance from the origin z =1, will be 
represented by the heterogeneous equation formed by the disappearance of the quantity z. 

In order to solve an equation of the form u, + u,_, &c. =0, we must first restore it to 
the homogeneous form by introducing such powers of z as will make the equation homo- 
geneous, and then endeavour to reduce z to unity by homogeneous variation. 

Consider the two following equations, in which the brackets include terms of the 
same degree in x and y :— 


The first form is a thoroughly heterogeneous equation, containing terms of degrees 
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n, n—1,n—2, &. The second form is a homogeneous surface equation, from which 
(1) may be derived by giving to z the value unity. Suppose € and 7 to be arbitrarily 
assumed quantities, and that we can by any known method find a value of the third 
coordinate ¢, which will make the equation zero, then, dividing by ¢", we eliminate C¢. 
Thus, by division, the second of the above equations becomes 


The quantities outside the brackets are unity, and the quantities inside the brackets con- 
stitute a solution or value of equation (1), where €/{ is a value of x, and »/{ is a value of 
y, while z as a separate quantity has disappeared. ¢ may be considered either as a third 
dimension or as a variable parameter. | 

Accordingly if { can be found and the arbitrary equation formed, the solution is at 
once obtained by dividing € and 7» respectively by ¢ Let 8, represent the numerical 
value of the homogeneous part within the first bracket formed by assuming arbitrary 
quantities €,; S,_, is the numerical value of the terms within the second bracket (which 
are all of the degree n—1), and so on, and the equation is 


Sn +Sn-16+ + . (3). 


It is easily seen that the possibility of solution does not at all depend on the degree of 

the given equation, but upon the relative degrees of the terms of f, which it is necessary 

to introduce. If the equation consists of only two homogeneous parts, suppose of the 

9th and 8rd degrees, we have a simple equation to determinate @, as in this example 

which may be written By introducing the 
_ quantity z=1 this becomes 


{29+ Ayaty +...) 


f= {€°+A,£n + 


Then by the introductory theorem we find 


This is the case already considered in section 3. Similarly, if the auxiliary equation in 
€, , and { contains only the first and second powers of ¢, we have a quadratic equation 
between { and the sums of the numerical terms of the assumed quantities, whence ¢ 
may be found, and thence exact solutions of x and y. If the auxiliary equation contains 
Cand ¢* or f° and &°, we have a quadratic equation to determine @’ or {°, whose root may 
then be extracted. Or, finally, there may be a soluble cubic or biquadratic equation in 
{ or some power of ¢. 

If the equation contains an arbitrary term, this is equivalent to an additional 


f 
| 
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homogeneous part. The arbitrary term may either be treated as a coefficient or reduced 
to unity by division, and in the auxiliary equation it is replaced by (" in order to form 
a homogeneous function equated to zero. s 
The method of this section is essentially the same as is implied in the following :— 
A solution of the equation 


+ + + 2a + =0 
18 


where R is a root of the equation 
+ 6a°b) + (3a‘ + 5ab*)R + (2a° + 4b8)R? = 0. 
For on substituting we have the left-hand side 


a’  6a‘b  3a*  5ab® Qa 
“Rt Re t Rit Re Rs 


_ + 6a‘ +(3a* + 5ab*)R + (2a3+ 4b8)R? 
0 
=0, as it should be. 


And generally— 
If p,(x, y) denote a homogeneous equation of the n™ degree, the equation 


Y) + y)+ + y)+ dol x, y)=0 
has for solution 


where R is a root of the equation 
pla, 6)+R¢,_,(a, b)+R2g,_(a, 6)+... + 6)+ R"g(a, b)=0. 


In the case of a heterogeneous function of three variables, there is a choice of four 
solutions. (1) A quantity P may be introduced which will make the equation homo- 
geneous as a whole ; and the equation may then be solved for P by treating the arbi- 
trarily assumed quantities, £, », ¢, as known quantities. Then, dividing by P", values 
of x, y,z are found for P=1. (2,3, and 4) Any one of the quantities (say z) may be 
assumed as constant during the operation, or z=a and a quantity P is then to be intro- 


| 

b 

b 
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duced which will make the equation a homogeneous function of P and the other two 
quantities, x and y. Then dividing by P", x and y are found forz=a; P=1. In this 
way a series of values of « and y may be found to any argument z. The choice of the 
method will of course be determined by the possibility of solving the equation in P. 
Unless the degree of the equation is very high, or the terms very numerous, it will 
generally be found that an equation can be formed from which P may be determined, 
and the corresponding values of x, y, and z deduced by homogeneous variation. 

As in the case of plane curves, we see that in the case of surfaces also, any surface 
may be expressed as a homogeneous equation of the three variables and the intercept P 
on one of the axes. Also, any function of identical form, with a different value of P, is 
a similar surface. 

The method is evidently capable of extension to equations of any number of unknown 
quantities. 

There are two distinct geometrical interpretations of the processes here given, 
according as we consider the new quantity z as being in a different plane from x, y, or in 
the same plane. 

(1) In the former case z is a third coordinate, and the 3-dimensional homogeneous 
equation f(x,y,z)=0 always and necessarily represents a conical surface. This may be 
proved (without drawing on the methods of the differential calculus) by transforming the 
equation to cylindrical coordinates. XY is the reference plane in which r and @ are 
measured ; z is then perpendicular to that plane. Then writing r cos @ for x, r sin @ for 
y, we have a homogeneous equation in r and z with trigonometrical coefficients. Accord- 
ingly if r and z be varied, while @ remains unchanged, we have by the introductory 
proposition 1,/2, = 12/z2 = 13/23, &e. This can only be true if 7 and z are coordinates of the 
same generating line, which of course lies in a plane passing through the axis of z and 
making the angle @ with the plane XZ. More simply, as the result of the transformation 
to cylindrical coordinates is to form a homogeneous function, f(7.z) =0, this is known to 
be the equation of two right lines, and the surface is then shown to be made up of 
generating lines passing through the origin, which is the definition of a conical 
surface. 

In order that the equation /(x,y,z)=0 may have real solutions, the highest power of 
one of the quantities must be negative ; and it is easy to see that the homogeneous func- 
tion of the n™ degree, f(x,y,z) =0 is the asymptotic cone of all the concentric and similar 
surfaces which can be found by equating the same function to an arbitrary term P". It 
is in fact the limiting form of this series of concentric and similar surfaces when the 
parameter P vanishes. 

(2) I began by observing that we might conceive the quantity z (which was intro- 
duced for the purpose of rendering the equation to be solved homogeneous) as being 
either in a different plane from x and y, or in the same plane. If it is considered as 
being in the same plane, it is the parameter of the non-homogeneous curve, and may be 
denoted by P. The proof is as follows:—Compare the two subjoined equations, in which 


4 ‘ 
| 
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the original heterogeneous equations xy, €, have been made homogeneous by introducing 
supplementary powers of P and II, 


{a" + Aja" =F y"} + y"—'P} + + = 0 


As the equations are homogeneous and identical in form, they represent similar 
curves ; and according to the fundamental theorem of this paper the one form may be 
derived from the other by multiplying every term by a constant, that is by (P/II)’. 
Hence x, y, and P are obtained from €,, and II by multiplying each by the factor P/TI. 
This can only be true if P and IT are the parameters or the same multiple of parameters 
of the respective curves. 

It may occur as a difficulty that in the case of heterogeneous curves, the quantity P 
does not correspond to the value x, of x when y is equated to zero. But P can easily be 
shown to be proportional to x. For suppose y and » in the two curves of the example 
equated to zero, the equations are then of the form 


+ + Cat? P? =F =F 
+ CE "IP? = 


Dividing by the highest powers of P and II, we have 


Hence by the known law of expansions, x,/P = &,/II, or the quantities P and II of similar 
curves have a constant ratio to the intercepts x &. They are therefore virtual parameters. 

(3) The case of a homogeneous equation of the n™ degree equated to a term Z" or P", 
with which the paper commences, is now seen to be merely an explicit form of the general 
conical or parametral. equation, f (x, y,z)=0. If the explicit term be considered as 
a third coordinate (z), the conical surface is referred to a plane of symmetry, zy, and 
an axis of symmetry z. In the implicit function the projections of the similar parallel 
sections in the plane zy are neither similar nor symmetrical; and the similar sections 
are only found by taking z into account. 

So with the implicit function considered as of three quantities in one plane. The 
parameter, P, is evidently not the principal parameter of the curve, but is the value of 
the intercept on the axis of x in the system of axes proposed. 

From this investigation we see that any plane curve whatever may be expressed as a 
homogeneous function of rectangular coordinates and the intercept on one of the axes. 
When so expressed, it is a similar and similarly situated curve with respect to any other 
¢urve expressed as the same function with a different value of P. 


SOLUTIONS OF HOMOGENEOUS AND CENTRAL EQUATIONS. 1057 


6. Soluble Cases of the Homogeneous Function f (x, y, z)"=0. 


This function, as has been observed, represents a conical surface, being the asymptotic 
cone of all the concentric and similar surfaces that can be formed by equating the same 
function of x, y, z, to different arbitrary terms. | 

Unless the equation contains a large number of terms, it can in general be solved by 
taking arbitrary values of those two quantities which are most involved, and solving for 
the one which is least involved. 

These solutions represent points on the conical surface, and if it is desired to obtain 
such solutions in series, so as to represent a plane section or curve, they may be reduced 
by division to the argument x=1, y=1, or z=1 as desired. It is only necessary to 
tabulate one such series ; because the surface is conical, and values of y and z may be 
obtained to any other argument «=a, by merely multiplying the tabular values of y and 
2 by a. Consider, for example, the equation of a homogeneous surface of this form, 


a8 + Aa®y? + + + Cy?2°+ + + 


Here the equation is symmetrical in x and y, but contains no powers of z except the 6th 
and the 3rd. Accordingly, we may form an equation by assuming values 2, and y,, and 
then solving the quadratic equation in z’, the root of which, being extracted, is a solution. 
That is to say, the values 2,, y,, and z, thus found satisfy the equation. 


7. Solution of Homogeneous Equations of Functions of the Variables. (Case IV.) 


Assume 
v, =aa?+by'+c; v,=dx?+ey'+f; u=.... 


Any homogeneous expression in v,v,... equated to an arbitrary term, or to another 
homogeneous expression in v,v,... of a different degree, can be solved by the methods 
previously given. Values of v,v,... being first found, we have then two simple equa- 


tions for determining 2” and 7’ in terms of these values, whence x and y are found. 

The original equation is of course heterogeneous when the quantities az’ + by’ +c, &c., 
are substituted in place of v, &c.; and by means of this new application of the funda- 
mental theorem, an endless variety of heterogeneous equations may be formed and 
solutions in series obtained. It is evidently a condition of the possibility of solving such 
equations that the number of factors v,v., &c., shall not exceed the number of constituent 
quantities, x, y, &c., of which values are to be found. 

If the indices p, q, &c., are even, the curve or surface is central; but the converse 
does not necessarily hold. Thus v,=ax+b; v,=cy+d, gives a central curve from an 
excentric origin, of which Pl. VI. figs. 5 and 6 are illustrations. If one of the quantities, 
X,, be taken =a + ,/x the curve will only have single symmetry. 

If we take vj=2°+2; v;=y'+2, thus a series of values of x and y may be found 
to an invariable value of z, and the series of points so determined will trace out one or 


1058 HON. LORD M‘LAREN ON SYSTEMS OF 


more contour lines of the homogeneous surface in x, y, z, which is represented by the 
equation. Examples of these are given in the sequel. 

Other applications of the combination of soluble functions of x and y, or 7 and 8, 
will readily suggest themselves. The following may sufiice as illustrations :— 

(1) Let the equation consist of powers of quantities (a*+y*) and (a*—y’) as 


(+ y PFA (ttyl + Alt +... 


This is equivalent to 


whereby @ is determined in terms of 7, and thence x and y. 


Take u?=2'; v?=y™; and solve the resulting equation in wu and v, which is of the above 
form. Then u and v are found from r and 6, whence x and y are determined. 

(3) This solution is evidently capable of extension to any function in the form on 
the left side of the sign of equality, where the quantity on the right side can be 
expressed as the power of a cosine or sine of a multiple of 0, or a soluble function of 
such a sine or cosine. In these equations each term is a homogeneous npeoton, and the 
solution depends partly on this circumstance. 

(4) If the right-hand term consists of a power of x alone or of y alone, the equation 
is solved by writing 7?cos?@ for x”, or 1”sin?@ for y’. 

(5) If the left side of the equation consists of powers of the quantity (a’—y”), and 
the right side of a single term 2” or 7, or (x +y”)” solutions of r can be found to the 
argument @, and thence wu, v, and zy are similarly found. 


8. To find the Condition under which parallel Sections of a given Surface may be 


similar Curves. 


The condition is evidently fulfilled if one of the quantities x, y, z be given explicitly 
in the equation. The surface may be conceived as traced by the motion of a generating 
curve controlled by a guiding curve. 

Suppose the generating curve to be a homogeneous function of x, y, equated 
to a function of z only. Then, as the sections parallel to XY are to be similar 
curves, the generating curve must move parallel to itself with varying parameter, 
and so as always to touch a guiding curve in the place XZ. Let the equation of the 
guiding curve be of the form 


a" —2" + + Bott? 4... + =0. 
‘Then the equations of the generating and guiding curves are 


fay) . . . (i). 
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In equations (1) and’ (2) p is the variable parameter of the section parallel to xy, 
and is evidently the ordinate in the principal plane xz. Hence, «=p; «“=p"=/(xy). 
Also the value of z in the two sections is the same. Sd vee 
Substituting in (2) the value of x above found, we have for the equation of the 
surface 


whence values of 2 and y can be found by homogeneous variation to any argument z. 
For, we have only to suppose z constant, and to state the sum of the terms of z as an 
arbitrary quantity in the form P", and the problem is reduced to that of the introductory 
proposition. | 

In the example given, the plane XY is a plane of symmetry, and the axis z is an axis 
of symmetry; but these considerations are insufficient to determine similar parallel 
sections unless the quantities x and y are combined homogeneously. It is easy to see 
that in the example given the sections parallel to XZ and YZ are not similar, because 
they are neither homogeneous functions of the respective pairs of variables, nor of these 
quantities and the parameter. 

On trial it will be found that no other generating curve, except a homogeneous curve, | 
gives similar parallel sections. If possible, let the sections of the unknown surface taken 
parallel to the following symmetrical equation be similar curves 


In order that the sections parallel to the plane of xy may be similar, their equations 
must be homogeneous functions of x, y and P, as has been proved. Hence the condition 
is satisfied by substituting z=P or f(z)=P. 

It thus appears that a central surface, other than a conical surface, will not furnish 
sections parallel to xy which are similar curves, unless the third quantity, z, be given 
explicitly, so that the terms of x.and y alone constitute a homogeneous equation. In 
treating of equations in this perfectly general form, one is apprehensive of some possible 
exception or flaw in the demonstration ; I have accordingly taken pains to verify this 
conclusion, by endeavouring to find values of x and y from the surfaces generated by 
various non-homogeneous curves, choosing the most symmetrical forms referred to con- 
Jugate axes as being those which were most likely to give results. 

In every instance the values of x and y, found on the assumption that the parallel 
sections were similar, failed to satisfy the original equation, although they must 
necessarily have done so had the hypothesis been correct. 

I consider it then demonstrable that the sections of homogeneous surfaces are only 
similar curves when the sections are homogeneous functions of 2 and y equated to powers 
of z uncombined with x or y. In other words, the homogeneous function must be of the 
form f(x, y)=f(z, P); otherwise parallel sections will be dissimilar. 
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9. Classification and Forms of Curves considered as Sections of Surfaces whose 
Equations are Homogeneous. 


In this chapter I do not enter on the question of the singularities of curves, a theme 
which has already been the subject of much learned investigation. My purpose is (1) 
to discover the different elementary and symmetrical forms of the curves of a given 
degree, which may be considered as the sections of a homogeneous surface parallel to its 
principal planes; and (2) from these elementary forms to show how by variation of the 
unknown quantities corresponding types of unsymmetrical curves of the n™ or given 
degree may be obtained, and the surfaces traced in series of contour-lines. 

I ought here to point out that the motive of this investigation is somewhat different 
from that of Mr Frost's valuable work on Curve Tracing. 

In a treatise on Curve-Tracing in general, the exact determination of the locus of the 
curve is of course unattainable, and only approximate methods are used. 

In the present paper, only those curves are considered whose loci can be exactly 
traced, by solving these equations rigorously for successive positions of x and y. In the 
diagrams, which are photographic reductions of the original tracings on diagram-paper, 
the error at any point ought not to exceed 53,5 of an inch. 

It is perhaps unnecessary to prove that every homogeneous equation of three 
variables represents a surface symmetrical about three principal axes of symmetry, which 
it is convenient to consider as placed perpendicularly to one another. This follows from 
the consideration that when the homogeneous equation is transformed to polar coor- 
dinates, it contains only the highest power of 7, which in the case of a curve of even 
degree has always equal positive and negative roots. In the case of curves of uneven 
degree, the same results are obtained by considering the sign of the arbitrary term 
endeterminate,—as it evidently ought to be, because by so treating it, we obtain from 
the equations of uneven degrees forms which are strictly analogous to those of the 
nearest even degrees. 

This being premised, if in the surface represented by the given homogeneous equa- 
tion we take for the axis of Z, the direction of the radius vector of maximum length; 
and if the surface be referred to this axis Z and to a central plane perpendicular to Z in 
which angles are denoted by @, then for every value of @ and @ there are four equal 
values of r corresponding to the four permutations of the positive and negative values of 

6 and ¢ and also other four formed from 7-8 and ¢. Hence, for any plane through the 
axis of Z, there are four equal values of 7, and the curve is symmetrical about Z and the 
diameter in the plane XY. By transforming to an axis X coinciding with the maximum 
radius vector of the central plane and a plane perpendicular to it, similar conclusions 
are obtained for all diametral sections through X, and also for all diametral sections 
through Y, the line of intersection of the first and second reference planes. Thus the 
symmetry of the surface with reference to three principal planes and their intersections 
is established. 
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A homogeneous surface may have more than one set of axes of symmetry. Some 
of these may be conjugate diameters meeting the surface at finite points, and some of 
them may be asymptotic lines. 

In a central equation the axes of reference are scvniptotic lines, if the equation wants 
the highest powers of the three variables; because then, dividing the equation by the 
lowest power of any of the variables, suppose x’, we find for the values, y=0, x=0, the 
corresponding value z=A/2?=oo. 

When a homogeneous central surface is referred to axes of symmetry, its equation 
must consist either entirely of terms of even powers of each variable z, x or y, or entirely of 
terms of uneven powers of the same variable ; because then only will the value of the term 
be unaltered when x is changed to —2, or y is changed to —y. It is of course only in 
eurves of even degree that x and y are both even or both uneven, and therefore curves 
of uneven degree have in general only single symmetry unless the sign of the arbitrary 
term is treated as indeterminate. Accordingly, 

1. If the equation of a homogeneous surface is of uneven degree, and consists of 
terms of even powers of x and uneven powers of y, the axes of reference are asymptotic 
lines. 

2. If the homogeneous surface equation, being of uneven degree, consists of terms 
of uneven powers of the variables, the axes of reference coincide with finite conjugate 
diameters ; but this condition can only be fulfilled if the equation is of the form— 


= 


where the sign A” is indeterminate. 

3. Again, if the equation of a homogeneous surface be of even degree, and consists 
entirely of terms of uneven powers of the variables, the axes of reference are asymptotic 
lines. 

4. If the equation being of even degree consists of terms of even powers of the 
variables, the axes of reference coincide with finite conjugate diameters, unless the 
highest powers of the variables are awanting. 

5. If, in any of these cases, the surface is expressed by a symmetrical equation,— 
that is, if the equation consists of pairs of homologous terms, the signs in all the pairs 
being either like or unlike,—the three axes are equal; and the surface is also sym- 
metrical about six secondary conjugate axes, which bisect the angles between each pair of 
the first set. Moreover, there are two planes through the axis of Z and a secondary axis 
lying between the axes X and Y, which are planes of symmetry ; and two for each similar 
combination ; that is, six planes of symmetry in addition to those originally given. 

6. If the equation be of the form /"(x/a, y/b, z/c)=1, and be a symmetrical function 
of these ratios, the surface will of course be a ‘“‘ 3-dimensional projection,” or homo- 
geneous transformation of the corresponding function of x, y, z. It is evident from 
known principles that all lines and planes of rectangular symmetry will be projected into 
lines and planes of oblique symmetry; and the secondary planes and lines will bisect 


* 
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those parallel to conjugate planes and lines, but will not bisect the angles between the 
principal diameters and principal planes. 

7. Paragraphs 1, 2, 3, and 4 may be applied to plane curves by suppressing the 
element Z; 6 also applies to plane curves, and it will be shown that the inclination of 
the secondary axis, x, to the principal axis, X, is given by the relation, tan 0=b/a. In 
the further discussion of the subject I shall use the term “Diametral Equation” to 
express the equation of a curve when referre to axes of symmetry. If an equation 
containing only even powers of the variables x and y be also a symmetrical expression, 
the curve has fourfold symmetry, because the symmetrical form of the equation shows that 
the axes of reference are equally inclined to a second pair of conjugate axes. There are 
then eight points at which the value of R is either a maximum ora minimum. This is 
a property which is not lost by projection. A Symmetrical Diametral Equation is an 
equation which is itself symmetrical; where therefore the curve is equiaxial and has 


fourfold symmetry. 


10. Classification of Central Curves of the Form F(a, y)" = A". 


A central function of two variables equated to an arbitary term may be either 
homogeneous or heterogeneous. In the first case, the equation may represent either 
a central section of the general homogeneous surface, or a section taken parallel to a 
principal plane of any homogeneous surface whose equation contains only the highest 
power of Z. In the second case, the equation represents a section taken parallel to a 
principal plane of the general homogeneous surface. Reference is made on this point 
to the preceding part of the paper. 

If we begin by considering homogeneous symmetrical forms, or forms which are the 


projections of these, it is evident that the equations must be composed by the multipli- 
cation of factors of the forms, 


P 2\ 4 n\r 
Gh) (eh) (Bah). 

The number of possible symmetrical equations is, however, very much less than the 
possible permutations of such factors; and it is not difficult to see that the required 
number is that of the permutations of the positive and negative signs in a symmetrical 
equation containing only even, or only uneven powers of x or y. From the preceding 
remarks it is seen that a diametral symmetrical equation represents a curve which has 
two pairs of conjugate axes, each axis bisecting the angles between the axes of the other 
pair; and that such axes are either asymptotes or finite conjugate diameters. 

(1) Oval Forms.—If the given equation is homogeneous, and if the four axes of 
symmetry coincide with finite diameters, the equiaxial curve is generally a symmetrical 
oval entirely concave to the centre. _In this species, if the original equation consists of 
terms of even powers, the equation of the curve when transformed to secondary axes as 
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axes of reference, consists also of even powers of the variables. In this type of curve, 
when referred to either pair of conjugate axes, all the terms of the variables are positive. 
It will presently be seen that where some of the homologous pairs of terms are positive 
and some are negative, the curve may be an inflexional oval of double symmetry, 
passing into an inflexional hyperbolic for certain values of the coefficients. 

(2) Hyperbolic Forms.—If the axes consist of a pair of finite diameters and a pair of 
asymptotes, the curve consists of two or more infinite branches symmetrically placed, 
which may be either all equal or of two sets. These may be termed continuous or 
discontinuous hyperbolics, according as the branches are all real, or consist of real 
and imaginary (or conjugate) branches in alternate order. If in each pair of homologous 
terms the signs are wnlike, the branches are entirely convex to the centre, the inflexional 
hyperbolic being represented by an equation of pairs of homologous terms, some of 
which pairs are positive and some negative, or of unlike signs. 

All equiaxial curves, whether of the first or the second class, complete their 
phases within a quadrant. In curves of the second class, the secondary axes, although 
asymptotic, are true diameters, because the form of the equation shows that each asymptote 
bisects all ordinates drawn parallel to the other; that is, it bisects the intercepts made by 
two adjacent branches, which may be either both real, or one of them real and the other 
conjugate. 

(3) Projections of Equiaxial Forms.—By writing «x/a for x and y/b for y in any 
homogeneous equiaxial equation, the equation of the projection of the equiaxial curve is 
formed. The curves of the series which may be formed by projection have the same 
general resemblance to the primitive equiaxial forms that ellipses and common hyperbolas 
have to the primitive forms of the circle and the equilateral hyperbola. 

(4) Heterogeneous Central Equations.—Every equation of even degree, and contain- 
ing only even powers of the variables (although not homogeneous), represents a central 
curve ; and if the equation be a symmetrical expression, the curve is equiaxial. I shall 
here only consider those heterogeneous central forms which represent sections of the 
symmetrical homogeneous surface equation. 

It has been pointed out that every heterogeneous central expression represents a 
section of a homogeneous and central surface taken parallel to a principal plane. There 
is then no specific difference between homogeneous and heterogeneous central curves 
pertaining to the same surface. The highest homogeneous part of the equation is the 
limiting equatorial section, where the terms compounded with Z disappear, and the 
general form of the curve depends solely on the highest homogeneous part of its 
equation. 

(5) With regard to those curves whose equations are not symmetrical functions of 
x and y, or z/a and y/b, it is in general not possible to find secondary axes to these. 
But the curves of unsymmetrical expression are assimilated to those whose equations 
are symmetrical by the Rule of Signs, which will presently be deduced, and their traces, 
computed by the homogeneous method, prove that they follow the same classification. 
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(6) The inclination of the asymptotes of a heterogeneous central curve is always the 
same as the inclination of the asymptotes of the curve represented by its highest homo- 
geneous part. Because, if we transform to polar coordinates, and divide the polar 
equation by 7”, the resulting equation is of the form— 


Fo(cos 0, sin + F,(cos 6, sin + F,(cos 8, sin = 
Now, r can only become infinite when F,(cos 0, sin 0)" = 

But this is also the condition for r becoming <8 when the equation is sedeoe 
to its highest homogeneous part. 

It follows that for all parallel sections of a central surface the inclination of the 
asymptotes to the axis of symmetry of the section is the same, and it is evident that all 
such asymptotes lie in two intersecting planes. 

(7) In the case of the homogeneous central equations with an arbitrary term, it is 
evident that the curve cannot pass through the centre. 


11. Transformation to Secondary Axes—Rule of Signs. 


A symmetrical equation is evidently equiaxial ; that is, the intercepts on the axes of 
reference are equal. 

If a diametral symmetrical equation be transformed to secondary axes (bisecting the 
angles between the primary), the secondary axes are also diametral and symmetrical, 
and the curve consists of eight equal and similar segments. This might be inferred from 
general considerations as to symmetry, but it is desirable to prove it analytically. It 
may be here convenient to transcribe certain known formule of transformation of axes 
(with unchanged origin) of which I am to make use. If @ be the inclination of X to — 


X =x cos @—y sin 6 Y=asin cos 0 
X =(x—y) cos 6 (2) 


(1) Is the formula for transformation in the same plane from any system of rectan- 
gular coordinates to any other rectangular system. 

(2) Is the formula for transformation to symmetrical axes ; 7.e., axes equally inclined 
to the original rectangular axes. 

(3) Is the formula for transformation to axes which are at once symmetrical and 
rectangular, and which accordingly bisect the angles between the original ‘rectangular 
axes ; whence, cos ,/}. 

In order to prove that a symmetrical diametral equation is of the same form when 
transformed to secondary axes, it is only necessary to write the generalised form of the 
expression in lines and columns. As the original axes are always supposed rectangular, 
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the transformation to secondary axes is effected by substituting in every term the values 
/}(x—y) for X and 4 (x+y) for Y, and expanding. Let A,{X"-?Y¥?+X?Y"-?} be any 
pair of homologous terms ; their equivalent in the transformed equation is 


Expanding the first term within the bracket in columns, the coefficients are— 


(p-1 , 


—(n—p)—(n=p) x p—(n—p) x — We. 


The coefficients of the expansion of the second term within the brackets are— 


+(n—p)—(n—p) x p+(n—p) x 1) 


4. 
1.2 1.2 


Xpt+, 


where in the first set of terms the sign x is used to separate the factors derived from the 
expansion of (x—y)"-? from those derived from the expansion («+ y)?, and similarly in 
the second set of terms. 

The quantity in the first column (always unity) is the coefficient of x" in the trans- 
formed equation. The sum of the quantities in the second column is the coefficient of 
x"-‘y in the transformed equation, and so on. We sce that the expansion of the second 
term of the pair is the same as that of the first term, except that in the second, fourth, 
and every other alternate column, the signs + and — are interchanged, and therefore 
the sums of these columns in the two expansions is zero. If the pair of homologous 
terms have contrary signs, then in the expansion the sum of the first, third, &c., columns 
is zero. From this analysis is derived the following abstract of results, hereafter referred 
to as the Rue or Siens. | 

1. From the mode of formation of the transformed equation it is always symmetrical 
if the original equation is symmetrical. 

2. If in the original equation the terms constituting a symmetrical pair are of even 
degree and have like signs, i.e., both positive or both negative, then in the expansion of 
these terms in the transformed equation the sum of the partial coefficients is zero for all 
terms of uneven powers. 

3. If in the original equation the terms constituting a symmetrical pair are of even 
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degree with unlike signs, then in the expansion of these terms in the transformed equation 
the sum of the partial coefficients is zero for all terms of even powers. 

4. If the sum of the indices in each term be uneven, then the expansion consists of a 
homogeneous expression containing only the even powers of one of the variables, and the 
uneven powers of the other variable. In my notation, if the terms are both positive, the 
transformed expression will consist of even powers of y and uneven powers of z. 

5. If we consider these equations only to be symmetrical where the terms of all the 
homologous pairs have like signs, or where for all homologous pairs the terms have unlike 
signs, then in the complete expansion of the transformed symmetrical equation of even 
degree, the sum of the partial coefficients is zero for uneven powers in the first case, 
and is zero for even powers in the second case; in other words, if in the original equa- 
tion, being of even degree, the homologous terms have lke signs, the equation of the 
curve, when referred to secondary axes, consists entirely of terms of even powers. If in 
the original equation the homologous terms have contrary signs, the equation of the same 
curve, when referred to secondary axes, consists entirely of terms of wneven powers. 
These results are independent of the degree of the curve, and it will hereafter be shown 
that they are applicable to the projection of any symmetrical equation obtained by 
writing x/a for x and y/b for y (page 1069). Thus from the order of the signs of any 
symmetrical equation it is immediately known to which of the previously named classes 
the equation belongs, z.e., whether the curve represented is elliptic, hyperbolic, or 
inflexional. 

6. These results are evidently true for any diametral, symmetrical equation, 
although not homogeneous, because it is only necessary to the proof that the equation 
should consist entirely of even or entirely of uneven terms. 


12. Diameters in Central Curves of the Fourth Degree. 


I shall now give a proof that every central curve of the fourth degree has two pairs of 
axes of symmetry, and in general only two such pairs. 
(1) Let the equation be homogeneous, or of the form 


To prove that in general the curve has not a pair of conjugate axes equally 
inclined to a given line. Let the equation be referred to the given line and an axis 
perpendicular to that line. It may then be written 


Dat  . . (2). 


If we now transform to axes equally inclined to the line by formula (2) p. 1064, it will be 
- seen whether the unknown angle @ can be determined so as to make the uneven terms of 
the resulting equation disappear, so that the resulting equation should be one referred to 

conjugate axes. To this effect we are to make the x of equation (2) =(x—y) cos, and 
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the y of equation (2)=(x+y).sin @, and expand in lines and columns. The expansion 
of the first term of (2) forms the first line, that of the second term is the second line, 
and so on. 


Terml {1 —4 +6 +1} D cos 
Terml {1 —2 +2 — 1} E.cos*@ sin 6 
Term3 {1 —2 +1} F.cos?@ sin?0 
Term4 {1 +2 —2 —1}G.cos sin’@ 
Term5 {1 +4 +6 +4 +1}H.sin @. 


The coefficients of the new equation are of course the numerical quantities multiplied by 
the quantities outside the brackets. The two uneven terms in the new equations are 
accordingly 
{ —4D cos cos*@ sin 6+ 2G cos sin 
an 
{—4D cos 6+ 2E cos* sin 2G cos sin*@ + 4H sin 


The coefficient of a*y cannot be changed into that of wy’ by interchanging the signs 
+ and —. Hence a value of @ which makes the term 2’y disappear will not in general 
make the term xy’ disappear. In order that both terms may disappear, we must have 
D=H; E=G; cos@=sin@. Hence the condition of the existence of a pair of conjugate 
axes equally inclined to the axes of (2) is that the equation (2) be symmetrical. The 
conjugate diameters thus found are evidently the principal axes of symmetry of the 
curve. 

If in equation (2) the second and fourth terms are supposed to be wanting, so that 
the curve is already referred to its principal axes of symmetry, then in the new equation 
the two uneven terms will be 


{—4D cos sin and {—4D cos sin ay’. 


Their coefficients are identical, and the value, tan @ = D/H, will reduce both terms to zero, 
leaving an equation consisting of even powers, and therefore referred to conjugate 
diameters. The diameters thus found are the secondary axes of the curve; and the 
relation, tan @ = D/H shows that they are the diagonals of the circumscribing parallelogram 
whose sides are parallel to the principal axes. When the highest power of y is negative, 
a real solution is impossible, and the diagonals in question are the asymptotes of the 
hyperbolic curve of the fourth degree. These results might have been found directly by 
considering that every quartic homogeneous equation of even powers is necessarily a 
projection of an equiaxial form. Because the given equation, when referred to conjugate 
axes, is of the form 


at 4 


We have then only to take P=pa*b’, or P/a*b?=>p, in order to obtain the equation in 
projection form. 
VOL. XXXV. PART IV. (NO. 23). 7Z 
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(2) Where the central equation (being of the 4th degree) also contains terms of the 
2nd degree P(x*+y*+axy) the term in xy disappears by transformation, and the trans- 
formed expression consists entirely of even powers. The new axes are aecordingly 
conjugate axes. 

More generally an equation of any even degree, consisting of the highest terms of x 
and y, and of one other term of even powers, may, in like manner, be immediately 
reduced to the projection of an equiaxial curve. Such a projection always has a pair of 
secondary axes, which are the diagonals of the circumscribing parallelogram. 


13. Diameters in Central Curves of Higher Degrees. 


For an equation of a degree higher than the fourth, secondary conjugate axes cannot 
in general be found. Because, if we transform and expand as before, there are for every 
even degree above the fourth more than two terms of uneven powers ; and it is impossible, 
unless some relation amongst the coefficients be given, to determine @ so as to make the 
coefficients of more than two of the uneven terms vanish. The required relation is 
easily found. The equation must be a symmetrical function of x/a and y/b. This being 
premised, if @ be the angle between X and 2, the inclination of the secondary axis, x, to the 
primary is given by the relation, tan @=b/a. ‘This will he made clear by two examples. 


(13a). To find the Secondary Axes of the Curve X"/a*+Y"/b" = 1. 


(a) Taking first the upper sign, and transforming to axes equally inclined to the 
primary, by the formula X =(x—y) Y=(x+/y) sin we find for the transformed 
equation the expression 


cos 
a”™ 


sin 


{an — marty be. | + =1. 


Let cos "@/a"=sin "6/b", or tan 0=b/a; then all the uneven terms disappear, and the 
equation is accordingly referred to conjugate diameters, which are equal in length, and 
symmetrically placed with reference the principal axes. These diameters coincide with 
the diagonals of the circumscribing parallelogram, whose sides are parallel to the principal 
axes of the oval of the n™ degree. 

(b) If the equation be taken with the negative sign, it is the terms of even powers 
which disappear in the transformation, and the secondary axes found are asymptotes of 
the hyperbolic curve. 

(c) It is to be observed that the values above found for the inclination of the 
asymptotes of homogeneous symmetrical functions equated to an arbitrary term, are 
solutions of the relative functions equated to zero. Because the equation of the asymptote 
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of a homogeneous curve is always that of the curve deprived of its arbitrary term. Hence 
y/x = b/a is a solution of an equation in either of the forms 


If we divide the first of these by y” we obtain the form 


Faby) FFA? 
Treating x/y as a single quantity wu, we see that an equation of descending powers of u 
equated to unity is always soluble, if its coefficients constitute a homogeneous function 
of a and b, in which case a/b is a real root of the equation. 


(13b). To find the Secondary Axes of any Curve of Symmetrical Expression referred to 
principal Axes. 


The equation if homogeneous is of the form, 


In this symmetrical expression (after transformation to secondary axes equally 
inclined to the primary) every pair of homologous terms produces an expansion of the 
form (5) or (6) of p. 1065 above. The coefficients of the corresponding terms in the two 
expansions are equal, and the sum of the alternate columns is zero. 

In the same way for curves of the form 


it may be shown, by taking #=a/a, and v=y/b, that, when the curve is transformed by 
the formula for axes equally inclined to the primary axes, the coefficients of the alternate 
columns disappear, or are neutralised, when cos"@/a" = sin"6/b";_ or tan =b/a. 

The solutions here given are applicable to symmetrical heterogeneous curves in 
any of the above forms, as may be verified by expanding separately the several homo- 
geneous parts u, tU:, &c., which are of the above form; because in the proof of the Rule 
of Signs it is not assumed that the equation is homogeneous, but only that it consists 
of pairs of homologous terms equated to a constant. 
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14. Seatic Curves of the Homogeneous Form F(z, = A°. 


The equation is understood to be referred to principal axes when it consists ef terms 
of even powers only; but in the case of the symmetrical oval it will be seen that this 
description applies to each of the two pairs of conjugate axes; and there is, geometrically 
speaking, no reason why either pair should be considered principal axes preferentially to 
the other pair. The curves of this class do not pass through the centre. 

In order to obtain fundamental forms, symmetrical equations are first to be 
considered. Of these there are in strictness only four species, corresponding to 
the four symmetrical combinations of the positive and negative signs of the terms. 
There are, for the sixth degree, two other forms, (y) and (8), in which the coefficients 
are symmetrical, but the signs are not symmetrical. In the form (y) the extreme 
terms are positive, and the intermediate terms have unlike signs, the order of the signs 
being + + — +. In the form (6) the extreme terms have unlike signs and the 
intermediate terms have like signs, the order being + + + —. The forms obtained 
by changing all the signs of the variables are, of course, the same curves. Also (y) is a 
variety of (8), and (8) is a variety of (¢). As the equations are symmetrical, the equal 
coefficients of the highest powers disappear by division; the equations of the equiaxial 
curves of the sixth degree may then be written— 


Referring to p. 1062, where the principle of classification is indicated, (a) is the Sextic 
Oval; (8) is the Inflexional Oval, passing into the Continuous Hyperbolic; (e) is the 
Discontinuous Hyperbolic, consisting of alternate real and imaginary branches; (y), (8), 
and (¢) are Inflexional Hyperbolics. 


(14a). To find the Equations of the Equiaxial Curves referred to Secondary Axes, 


The coordinates of the original equations being denoted by capitals, if, in the 
formula of transformation, we were to make Y=(x+y),/}, we should obtain negative 
values of A® in the transformed functions (e) and ({). Therefore, let X= - +y)J/}; 
Y =(x—y),/4, and transform to bisecting axes. 

In the transformation of equations (a) and (8), we have for the sum of the Ist and 


4th terms, 
1/4 {a8 + 15aty? + 15a2y* + y®} = X°+ 


- 
“ 
” 
| 
be 
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and for the sum of the 2nd and 3rd terms, 
1/4P {a8 — arty? — + 48} = PX4Y? 4+ PX2Y!: 


whence, by addition and subtraction we find for (a’) and (8’) (being the curves, a and 8, 
referred to their secondary axes). 


(1+ P)a®+(15 — Paty? .  . (a); 
(1 — P)a®+ (15+ 


Again, in the transformation of (e) and ({) we have for the sum of the two extreme 


terms, 
1/4{6a°y + + = Ys, 


and for the sum of the two intermediate terms, 
1/4P{ =F Qady Qary®} PX*Y? + PX?Y*, 


where the upper and the lower signs belong respectively to the equations (e) and (C). 
Observing that the numerical coefficients are divisible by 2, we have for (€) and (€), 
by addition, 
The above are all the forms of symmetrical diametral equations that can be formed with 


four or three terms. If we seek for those that may be formed with only two terms, it is 
evident that 


(1) The form a* + y° = A®, is a limiting form of (a) and (8) when P=0 . (a); 

(2) = A®, is a limiting form of (€) and when P=0 . 

(3) 4aty? + 4a°y* = A®, is a limiting form of (f’), and a of (8) when P=1, 
and is also a limiting form of (a’), (a), when P= . (B:); 


(4) 4a5y+ is a form of when P=5, and of (é€), (e) 


Now we cannot directly obtain the last two forms with the negative sign from any of 
preceding equations. Hence, there are apparently two independent limiting forms, 


4aty?—4a*y* = A®; (e’) and 4a°y— 4ay’ = A® 


On further consideration, it is seen that (e’) is derivable from (e) or (€), if the 
coefficients of the intermediate terms in the fundamental equations are supposed invari- 
able, while the extreme terms, 2°, y* are supposed to be multiplied by coeflicients which 
are indefinitely diminished. Transforming to secondary axes, we find 


(1) The equation of (e”) is unaltered in form and value by transformation (e”) 
(2) The equation of B” is .. 


| 
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which is different from any of the previously given forms. But it has been found, 
as the result of the computation of values of r and @, that this curve is identical with 
No. 10 of the table given below, which is of the form (8); the explanation being that 
the curve consists of four real and four conjugate branches, and has accordingly four pairs 
of conjugate diameters. 

As the result of a study of the fundamental forms here given, I have found that there 
are certain other critical values of P which produce characteristic forms of the equiaxial 
curves. These I proceed to enumerate. From the drawings and relative tabular places 
(computed by the method of homogeneous variation) a very complete conception may be 
obtained of the possible variations of this family of sextic curves and their projections. 


(14b). Lamiting Forms of the Equiaxial Curves. 


If n, the index number of a curve, be divisible into factors, p and qg, a symmetrical 
function of the p™ or g™ degree may be a limiting form of the symmetrical curve of the 
n™ degree ; for we have only to raise the equation of the p™ degree to the power gq, or 
to raise the equation of the g™ degree to the power p to obtain such a limiting form. 

Thus, (1) by raising the equation «’=+y’ = A’ to the 3rd power, we obtain the circle 
and the equilateral hyperbola in the sextic form, 


+ Saty* + + y®= A®; 


where, the upper sign being taken, we see that the circle is a limiting form of the 
equiaxial curve (a), when P=3. The lower sign being taken, the curve is the equi- 
lateral hyperbola, which is thus shown to be a limiting form of the equiaxial curve 
(c) when P=3. Similarly by writing x/a for 2, and y/b for y, it may be shown that any 
ellipse or hyperbola is a limiting form of the sextic curve which is the projection of (a), 
or (e) to the principal axes a and b. 

(2) It might be expected that a symmetrical cubic would also be a limiting form of 
an equiaxial sextic. This, however, is not universally true. I shall, however, write 
down the limiting forms obtained by squaring the symmetrical cubics 2’+ y’=A’, and 
ay + = A®. 

These forms, with the equivalent forms obtained by transforming to secondary axes, 
are as follows :— 


The forms in the second column are limiting cubic forms for a sextic curve referred 
to a transverse diameter X, and an asymptote Y, or the converse, as is made evident by 
dividing the equations by 2’ or y’ respectively. 
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(3) Another series of critical forms is the series where the coefficient P=1. By 
making P= 1 in the four equations (a), (8), (€), and (C) we obtain curves which may also 
be obtained by the multiplication of the factors (2’+y’), (a#’—y’) with (a*+y‘) and 
(x‘—y*). The forms (8) and (C) are also obtained by the multiplication of (a’?+y’) with 
(x* y’). 

(4) A fourth series of critical forms are those which correspond with the polar 
equations of sines and cosines of multiple arcs. These will be noticed in their order. 


(14c). Form and Variations of the Equiaxial Curves (a) and (8). 


It is desirable to give a name to the variation of the curve consequent on the variation 
of the single coefficient P. 

In equations of the 2nd degree the term “eccentricity” has relation to the 
variation due to projection, which is the only kind of variation of which these curves 
admit. 

But in curves of the higher degrees, where we consider only those characteristics that 
are unaltered by projection, this kind of eccentricity is not considered at all. Hence, 
without ambiguity, | may make use of the term Quadrantal Eccentricity to denote the 
variation within each quadrant in the magnitude or direction of the secondary axes due 
to the variation of P, while the principal parameters remain unaltered. 

The quadrants referred to are of course those which are marked out by rectangular 
reference lines, coinciding with the equal principal diameters or parameters of the 
curve. | 

Length of a Secondary Diameter in terms of the principal Diameter and P.—The 
variation of P in the oval of fourfold symmetry, has no effect on the direction of the 
secondary diameters, but only alters the ratio of their length to that of the primary. 
It is convenient always to put the length of a principal diameter =1, which is then also 
the value of the arbitrary term. The ratio of the secondary diameter to the primary 
may be denoted by I’, which is also numerically the length of the former. In the oval 
forms of (a) and (8) we then find for the length of the secondary diameters, by putting 
the relation, 


1 P+1 + 
2P+2=4=5;; P=;-1. 

In curves of the hyperbolic type where the variation of P affects the direction of the 
asymptotes, the quadrantal eccentricity might be measured by the tangent of their 
inclination to the principal axis; but this relation has not been fully investigated. 

Examples of the Curves, (a) and (8).—The following equiaxial curves of the forms 
(a) and (8) have been computed and traced. The number in the first column is a 
reference number corresponding with that in the second table; P and I are as above ; 
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P' is the coefficient of the intermediate terms when the equation is transformed to 
secondary axes, the arbitrary term then being I™. 


No. Re _Equation of Curve. 

4 4a y? + 4arry =] 
3. 15 + + = 1 
4. 7 Tarty’ + Tx*y*+yo=1 

x 

0 (4)° +y°=1 
8. 2 taty?— =] 
10. —5 —1 5aty2— Ga*yt+y%=1 


No. 5 is the limiting circle. Nos. 1, 2, 3, 4 are the transformed equations 9, 8, 7, 
and 6, with the curves turned round through an angle of 45°. On referring to Plate I., 
where the numerals attached to the curves are those of the first column of the table, it is 
seen that starting from the circle, as P falls from 3 to 0, the curve approaches more 
nearly to the circumscribing square (PI. I. figs. 6, 7). For all negative values of P 
between 0 and —1 the curve is inflexional (fig. 8), the secondary axis becoming more and 
more elongated, until at the value P= —1 it passes into the continuous equilateral 
hyperbolic (fig. 9). 

For values of P from —1 to —5 the curve is the discontinuous hyperbolic, where the 
angle between asymptote and axis ranges from 45° to 22° 30’, or 90° to 45° between the 
asymptotes. 

In the diagram the curves 1, 2, 3, 4 are seen to be 9, 8, 7, 6, diminished and turned 
round through 45°. 

For the value P= —5 (No. 10 of the Table) we have four equal discontinuous hyper- 
bolics, having angle between asymptotes= 45° (PI. II. fig. 2). The intervening angular 
spaces may be made to contain four equal and similar conjugate curves by changing the 
signs of all the variable terms in the equation. The equation of No. 10 referred to 
secondary axes contains only uneven powers (see No. 15). This curve also has the polar 
equation, 7° cos 40 = A®, 

For negative values of P exceeding 5 we find hyperbolics of greater eccentricity, which 
are the conjugate curves of the series found for values of P between —1 and —5. The 
equation of these may also be obtained in another form, from the last-mentioned series, 
by changing the signs of all the variable terms. It is easily seen that a similar series of 
curves are obtained from the form (y), because one negative term suffices to make the 
oval inflexional. 

The annexed table contains the places of x and y computed by the homogeneous 
method for curves 6 to 10 of the preceding table, so far as necessary, viz., from 0° to 45°. 


| 
| | 
| | 
| 
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From 45° to 90°, the places are obtained by changing z for y, and the places in the other 
three quadrants by changing the signs of x and y. 


Table of Computed Places. 
| 
20° 25° 30° 35° 40° 45° | 
Curve | § 09947 | 0:9877 | 09766 09603 | 09365  0:9026 0:8557 | 0°7936 
6. y 01754 | 02646 | 03555 04478 05406 06320 0:7936 
| | | | 
Curve 09999 | 09998 | 09996 | 09984 0994 0982 0951 | 0891 
7 y | 0176 | 0268 | 0364 0466 0574 0687 | 0798 | 0891 
| | | | 
Curve x f 1002 | 1007 | 1013 | 1022 | 1037 1048 | 1049 | 10* 
wer yi 0177 | 0270 | 0369 | 0477 | 0599 | 0734 | 0880 | 10 
Curve | « § 1006 | 1014 | 1028 | 1051 | 1091 | 1171 | 1373 | of 
9 | yi 0178 | 0272 | 0374 | 0490 | 0630 | 0820 | 1152 | 


| | 
9 | 730 | 10° 19°30"! 17°30 20° | 22° 30’ 


Curve | | 1007 1016 1030 1051 1084 1140 1258 | | 
10. y | 0088 0134 0182 0233 0291 , 0360 | 0458 | wo 
logr | 0005 0010 | 0019 0032 0050 | 0078 | 


| 


(14d). Examples of the other Equiaxial Curves. 


The following equiaxial curves of the forms e« and ¢ have been computed and 
traced: the second column is a reference number, corresponding with that in the sub- 
joined table of computed places: I, is the inclination of asymptote to transverse axis. 
The equation of each curve being given in different forms, those containing even 
powers are referred to a transverse axis X; those containing odd powers are referred 


* For No. 8, the following additional values are necessary to trace the second inflexion— 


z | 1045 | 1039 | 1030 «(1016 
y | 0908 | 0935 | 0961 | 0981 | 


+ For No. 9 we find also, @= 44° 59’; x=4°165; y=4°163. And for other curves additional places have been com- 
puted where necessary for tracing the inflexions. 
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to an asymptote X; the polar equations in € and ¢ are referred to the transverse 
axis.* 


Class.| No. 1. Equations of the Curves. 
€ 11. 45 + Gary? + =] 


= =1 
€ 12. 15° F + =1 
7*.cos(60)=1: 7®.sin(60) =1 


€ ae. { + + 3xy° =2 
( + arty? — =] 
14. 45° 2x°y + + 2ry® =] 
7°. os(26) = 1: *.sin(20) 
4x°y — 4ary® =] 
15. | 22° 30’ — =] 
=1 
” 4aty? — = 
€ 16. eee 1 


The mode of variation of these curves is very remarkable ; and it is the more deserving 
of attention, because it results fre.u the rule of signs (p. 1065) that for any even degree 


* The identity of the polar equations in the annexed tables with the Cartesian equations is proved as follows :— 
Cos (26)=cos*é— sin’@; 
Cos (46) = cos*é — 6 cos*é. sin?é+-sin‘é; 
Cos (66) = cos®é — 15 cos*@. sin?é+-15 cos?@. sin*é — sin®é. 
cos (26) =r*(r°. cos 20) (cos*é — sin?4) 
= +-aty? — [No. 14 of Table.] 
(2) A® cos (46) cos 46) r#. (cost — 6 sin?@+-sin'#) 
— 5aty? — [No 10 of Table.]} 
(3) A® = 1°. cos (64) =1*(cos®é — 15 cos*é. sin?é+4-15 cos?@. sin 44 — sin®?) 
= [No. 12 of Table.] 
Again, observing that— 
Sin (26) =2 sin 6. cos 6; 
Sin (46) =4 cos*@. sin cos 6. and 
Sin (64)=6 sin 20 cos*é sin°é+-6 cos 6. sin®é. 
sin (26)=r4(r®. sin 26) = 
= Qay+4a5y3+4+2zry°. [No. 14 of Table.] 
(2) A®=r®, sin sin 40) — 
=4a5y—4zry5. [No. 15 of Table.] 
(3) sin (66) =6a°y — [No. 12 of Table.] 
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there is a series of equivalent curves which go through corresponding phases. The 
different forms are shown in PI. II. figs. 1 to 4. 

In their complete forms the equiaxial curves (€) of the 6th degree have three pairs of 
asymptotic axes; one pair being the secondary axes, whose inclination to the primary 
axes is always 45°; the other two pairs having an inclination depending on the value 


of P (fig. 3). 


Table of Computed Places. 
6 10° 15° 20° 25° 30° 35° 40° |44°59'| 45° 
_ « | 1005 | 1012 | 1021 | 1-034 | 1054 | 1079 | 1146 | 2-470) o 
0177 | 0271 | 0372 | 0-482 | | 0756 | 0-961 | 2-468! 
@ 2° 4° 6° 8° 10° 12° 14° 15° 
Curve 1002 | 1013 | 1030 | 1:059 | 1106 | 1190 | 1-414 
tage ae, 0035 | 0071 | 0108 | 0149 | 0195 | 0253 | 0-353 e 
| 
| ee 15° 20° 25° 30° 35° 40° |44°59'! 45° 
| 
being x | 1000 | 1000 | 1001 | 1002 | 1007 | 1091 | 1074 | 2461! « 
0176 | 0-268 | 0364 | 0-467 | 0581 | 0715 | 0-901 | 2:460| o 
| 6 5° 10° 15° 20° 25° 30° 35° 40° | 45° 
r 09986 09895 | 09824 | 09754! 09721 | 09797 | 1024! x 
| y  QOST4 01755 02652 | 03576 | 04548 | 05611 | 06860 | | 
| 6.0 230 #5 7° 30’ 10° | 12°30'| 15° | 17°80' | 22°30 
Curve 1338 1:19] 1113 1:060 1:021 0°964 
15%) y 0° 0058 0104 | 0147 | 0187 | 0226 | 0265 | 0304 | 0383 
log r ow 0127 0078 | 0050 | 0032 | 0019 | 0010 | 0005 | 090011 
Pe 10] & 10° 15° 20° 25° 30° 35°. | 40° | 45° 
x 1-421 | 1-247 | 1139 | 1066 | 1020 | 1000 |1-:030| « 
6 | 0 |0156 | 0251 | 0334 | 0414 | 0497 | 0589 | 0700 |0865 | 


In the form (ec), when P=8, the curve has the limiting form of the equilateral 
hyperbola (of 2nd degree), the three pairs of asymptotes being there coincident. 


When P>3, there are six equal real branches, and six conjugate branches. 


If P 


exceeds 3 bya very small quantity, the first real branch (bisected by X) is nearly rectan- 
gular, and the first conjugate branch is extremely acute. The-secondary axis divides 
this from a similar acute real branch; and then there is a nearly rectangular conjugate 
branch bisected by Y. When P=7, the inclination of the first pair of asymptotes is 


* These values of log r are identical with those of No. 10 of the preceding table. In No. 15 the curve is referred 


to asymptotes. 


| 

| | 

| 

| 

| 

| 

| | | 
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+ 22° 30’, and the first real branch is contained within an angle of 45°. The first 
conjugate branch and the second real branch are contained within angles of 22° 30’; 
and the second conjugate branch (bisected by Y) is contained within the angle 45’, 
and so on. 

When P= 15 there are six real and six alternate conjugate branches all equal, each 
contained within an angle of 30° (fig. 3). When P exceeds 15, we have a series of pairs 
of unequal curves (which have not been fully investigated), but are probably the con- 
jugates of the preceding set. 

Returning to the neutral form of the equilateral hyperbola, and varying P by 
diminishing it indefinitely :—If P>0 and <3, x and y can only become infinite for 
6 =+ 45°; and we have a series of equilateral forms consisting of two real and two 
conjugate branches. The variation of P between these limits only affects the quadrantal 
eccentricity. The form 2*—y*=1 is the limit between the forms (e) and (¢). In PI. IL. 
fig. (1) the curve which is nearest the centre is No. 13 of the Table; the curve furthest 
from the centre is the limiting equilateral hyperbola; and the intermediate curve is No. 11. 

In the series (€), where the signs of the two intermediate terms of the equation do 
not follow in alternate order, the curves are inflexional and equilateral, the only 
asymptotes being the secondary axes. 

In Plate II. fig. 4, the curve which is nearest the centre is No. 14 of the Table. 
The curve next it, having the same pair of asymptotic axes, is traced from an equation 
of the same form with a different coefficient, (P=15). The curve which has the axis of 
X for one of its asymptotes is evidently a limiting form of the same series, and is No. 16 
of the Table. Its minimal radius-vector corresponds to 


= 26°34’, nearly. 


The variety (8) resembles (2) in its forms and inflexions, but is not equilateral, as 
(¢) is. One of these forms is figured, Pl. IV. fig. 4. Its equation is 


+ : 


and for the curve figured (P=1) the inclination of asymptotes to axis X (which depends 
on the value of P) is 53° 37’, nearly. 

All the curves here traced have been computed by the tangent formula, which is the 
best for studying the transitions from one of the enumerated forms to the other or 
others. 

General Results.—It is evident that the results which have been obtained are in the 
main independent of the degree of the symmetrical homogeneous equation. For 


equations of curves of even degree, referred to axes of symmetry, these results may be 
generalised as follows :— 


(1) If all the terms are positive, the curve is an oval of fourfold symmetry, entirely 
concave to the centre, and having the circle as a limiting form. 
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(2) If all the pairs of homologous terms of the symmetrical expression have like 
signs, but some of the pairs are positive and some are negative, the curve is the In- 
flexional oval, for all positive values of the coefficients which are less than those of the 
binomial expansion, and for all fractional negative values. Outside these limits the 
curve is a hyperbolic, with alternate real and conjugate branches, the limit between 
the closed and open forms being the continuous hyperbolic in which all the branches are 
equal and real. 

(3) If all the pairs of homologous terms have unlike signs, and if the equation when 
arranged in binomial form has the terms (being all even) alternately positive and 
negative, the curve consists generally of n hyperbolic real branches, with alternating con- 
jugate branches ; but for certain values of the coefficients, the number may be reduced 
to two equilateral real branches, having the equilateral hyperbola as a limiting form. 

(4) If all the pairs of homologous terms have unlike signs, but if the positive and 
negative terms do not follow in alternate order, the curve consists of two equilateral 
inflected branches, the curve being concave to the centre and to the asymptotes where it 
crosses the axis of X, but after inflexion on either side of that axis becoming convex 
to the asymptotes. 

The same form, where some of the pairs of terms have like signs, and some have 
unlike signs, except that the assymptotic axes are not rectangular. 

(5) In all cases where the equation is reducible to the two-term Polar form, 


r*cos (p0)=1,, 


the curve consists of a number of alternate real and conjugate branches, which are all 
equal. ‘The number of such forms evidently is »/2, because p may have the series of 
values, n, n—2, n—4, &e. 

(6) If the equation is not a symmetrical expression, but is homogeneous, the curves 
fall into the above categories, but have not in general secondary axes. 


15. Determination of Contour-lines of Homogeneous Surfaces. 


If v, v, be coordinate quantities of any symmetrical diametral equation (suppose of the 
form a), and if x? +2 be substituted for vj, and y’ +2 for v3, and the equation be expanded 
in terms of powers of 2’, y’, 2’, we obtain the equation of a symmetrical homogeneous 
surface referred to conjugate diameters. The equation then takes successively the three 
forms which follow— . 


+ Baty? + + 2° + P(aty? + + + + + 2°) 


If we suppose the equation to be given in the form (3), we can only find values of 
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x, y, z for a central plane, and it is evidently impossible to determine a contour-line of 
the surface parallel to a central plane. Because if, for example, we make z=a, the 
equation in x and y is thoroughly heterogeneous, containing in fact all the even terms of 
the general equation of the 6th degree. 

But if the equation be presented for solution in the form (2), we can find values of 
«2 and y in contour series. For we have then only to find a series of values of v3 v3 
(or and y’+z2’); then, making z=a, we find from the series of values ; 


Y= /vi—a’; Y2= Vea— ; Y¥3= &c. 


Through such a series of points a contour-line of the surface, in the plane z =a, may 
be traced. 

In the same manner contour-lines may be traced for other planes parallel to XY, 
viz. z=b; z=c, &e. 

Such contour-lines have been computed and traced for surfaces derived from the 
curves (a) and (e). 

Plate VIL. fig. 1, represents four contour-lines of the above surface (Eq. 2), with the 
coefficient P=1. The values of v, v, were taken from the preceding Tables (curve a, 6). 
The maximum value of z was found to be, 2,=°7938; and the three inner contour-lines 
were found by taking z successively equal to $2, $2, and 3z. The outermost contour- 
line of this figure is the equatorial section of the surface, in the plane, z=0, and is 
identical with the curve of the Table, which is also figured in PI. L. 

It will be observed that as the circumference of the contour-lines decreases, the 
variation of curvature within the curve becomes less, the limiting form being evidently 
circular. 

Plate VI. fig. 2, represents a series of contour-lines for the hyperbolic surface of two 
sheets, derived from (e, 12) of the Tables by writing 2’+2’ for vj and y’+2 for v3. In 
this instance | have been less fortunate in the choice of contour-lines, because the lines 
are not far enough apart to give a clear notion of the figure of the surface. The values 
of 2’, from which the computations were made, are ‘003, ‘0125, and ‘0275, and the results 
are shown in the figure. 

I may here observe that, while the preceding illustrations are confined to symmetrical 
forms, it is apparent that if the analytical expressions were varied by merely altering the 
coeflicients of the terms, such a variation would only affect the symmetry of the curves, 
and would not in general produce a curve of a different type. There is no difficulty in 
forming any number of systems of unsymmetrical curves or contour-lines of surfaces, as 
we have only to fix on any unsymmetrical homogeneous expression in 0,v,, and to replace. 


these quantities by ,/aa*+z and ,/by’+2, giving such values to z as may be desired ; 
and y are then found from 2, 2. 


a 


— 
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16. Central Curves whose Equations are of the Form F,(a, y)" = F(x, y)"~’. 


The first function may be divisible by the second, without remainder, the equation 
being then reducible to one of lower degree. This will generally be the case where the 
equation consists of pairs of homologous terms, all of which have like signs, or all unlike 
signs. I here suppose that the equation is not divisible. 

Confining our attention, as before, to symmetrical diametral equations, it is evident 
that such equations always contain at least one uncombined power of the variables, 
because, if the equation be given in composite terms, we can always divide out the lowest 
powers of x and y. When the equation after reduction consists of only two homogeneous 
parts its form is easily determined. Transforming to polar coordinates and dividing 

*(cos 6, sin 
denominator of this fraction is formed from the terms of the highest homogeneous part, 


and if its terms be all positive, r cannot become infinite ; but if the numerator be wholly 
positive and the denominator contains positive and negative terms, there will be 
certain values of @ for which 7 is infinite, these being the same as were found for 
the curves B, ¢«, ¢ (p. 1076). Again, if the numerator consists only of positive terms, 
the curve cannot pass through the origin, as it necessarily does where some of the 
terms in the numerator are positive and some are negative. If the terms of 
the highest homogeneous part be all positive, and the terms of the lower degree be 
partly positive and partly negative, the curve will be of the “ foliated” type, consisting 
of a series of loops symmetrically arranged about the centre-origin, and having no 
inflexions except at the centre where the trace passes from one loop into another. 

More generally, for symmetrical expressions of any even degree, and any number of 
pairs of homologous terms of even powers of the variables equated to zero; which may 
be written wu, + U,_9 +... U,=0: and are supposed to be reduced to their lowest terms,— 

(1) If any pair or pairs of homologous terms of the part u, have unlike signs, while 
the terms of lower degree are all positive, or are all negative, then, by transforming to 
polar coordinates and dividing by 7”, we find that 7*= © is a solution of the equation 
where u,=0. The curve, therefore, consists of branches of infinite extent resembling 
those already described under the character of contour-lines of surfaces formed from the 
equations (€) and 

(2) If u, consists entirely of positive terms, and if any pair or pairs of terms in the 
parts of lower degree have unlike signs, and the other pairs are all positive, then the 
curve consists of finite branches or loops passing through the centre. Because (1) the 
radius-vector cannot become infinite, since u, consists of positive terms, and (2) when 
cos §=sin 9, all the negative terms are neutralised by the homologous positive terms, and 
there remains a series of positive terms equated to zero; whence r=0. In this case, 
since cos @=sin 8 when r=0, the tangents at the centre bisect the angles between the 
axes of reference, and are secondary axes, and the centre is a point of inflexion. 


by the lowest power of 7, we obtain an equation of the form 7”~? 
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(3) A curve whose equation is strictly symmetrical, and consists of terms of even 
powers, whereof only one homologous pair have unlike signs, can have only two loops ; 
but if any of the homogeneous expressions U,_», U,_4, &c., has a middle term, the curve 
may have a number of loops depending on the degree of the equation, becausé then the 
angle for which r=0 depends on a relation between three terms. 

(4) A curve, consisting of loops passing through the centre, is also the result where wu, 
is positive, and u,_» + %,, &c., consists of pairs of positive terms and pairs of terms which 
are both negative; because evidently there must be definite values of @ which render 
r=0. 

(5) If the terms u,_. + Up, &c.,can be resolved into factors, while uv, consists of pairs 
of unlike terms, the hyperbolic branches may break up into detached ovals sometimes 
with an infinite branch extending beyond these and within the same angular space. 

These seem to exhaust the possible combinations for symmetrical equations without 
an arbitrary term. 

(6) If we transform to axes equally inclined to the original symmetrical axes, the curve 
will be symmetrical about the new axes also, and the new equation will consist of even 
or of uneven powers of the variables, according to the rule of signs given above (p. 1065). 
In applying the rule, each homogeneous part of the equation is to be considered 
separately; so that, if one homogeneous part consist of positive terms, and the other of 
alternate positive and negative, their equivalents in the transformed equation will consist 
respectively of even and uneven powers. | 

(7) There are limiting parabolic forms where the highest homogeneous part contains 
only one of the variables, 2.e., consists of a single term. 

(8) In the case of axes which do not meet the curve except at the centre, these are, 
notwithstanding, true diameters, as the form of the equation proves. Accordingly, 
every such Exterior Diameter, if I may so term it, bisects the intercepts made by the 
adjacent branches or chords drawn parallel to the conjugate Exterior Diameter, and 
therefore bisects the Bitangents. 

(9) These results are manifestly true, with the necessary restriction as to angles, for 
all projections of the curves in question. 

(10) By an easy extension of (8) we have for all symmetrical equations of this type, 
and their projections, this relation: Hach pair of Bitangents is parallel to one axis of 
symmetry, and is bisected by the axis conjugate to it. 


(16a). Examples of such Curves (Sixth Degree). 


Any of the functions on the left side of the sign of equality may be combined 
with any on the right; but of course the terms, when equated to zero, cannot all be 
positive. 

The limits suited to this paper have been already so far exceeded that I shall not 
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attempt to illustrate all the varieties. The following illustrations of curves of the 6th 
degree of two homogeneous parts include the most characteristic forms :— 


(1) 
= cos 20 

a*= sin 20 

(2) 
r?= cos 40 

(2a) x®+3aty?+ + = 4asy — dary 
r= sin 40 

(3) 2° — + Gary! — AX(a?—y*) 


The following Tables contain the computed places for the symmetrical half of a 
foliation or loop of each curve :— 


Equation (1). 


| 


0" 5° 10° 15° 20° + 25° 30° 35° 40° 44°47 465° 
r= 10 996 98 965 936 895 841 ‘765 ‘646 363 0° 


From 45° to 135° values of 7 are impossible. 

From 135° to 180° we obtain the above series reversed. 

Similar results from 180° to 360°. 

The curve consists of two loops, and there are two inflexions at the centre. 
Pl. IIT. fig. (1) is this curve, and fig. (2) is a projection of it. 


Equation (1a). 


6= 0° 5° 10° 15° 20° 25° 30° 35° 40° 45° 
T= O0O 646 765 841 895 936 965 .98 0096 197 


(1a) is therefore (1) transformed to secondary axes, which are the tangents at the 
central point of inflexion. 


Equation (2). 


r= 1: 989 956 ‘900 ‘818 ‘707 556 323 132 


Equation (2a). 


0 1°5 4°°5 75 10°5 13°5 16°5 19°5 22°'5 
r= 0 323- 556 ‘707 ‘818 ‘900 ‘956 ‘989 10 
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Equation (2a) represents the same curve as (2) transformed to axes inclined .to the 
former at the angle 22°°5, and having the axes tangents at the centre origin. Values of 
r are impossible for each alternate arc of 45°. The curve consists of four equal, similar, 
and symmetrical loops or foliations, and the centre is a point of inflexion for*the four 
intersecting lines (fig. 3). Fig. (4) is a linear projection of the same curve. 

In this and the preceding figure the bitangents are seen to be parallel to the conju- 
gate axes. 

The same construction is evident in fig. 4, which is a projection of the last- 
mentioned curve. 


Equation (3). 
0° 10° 15° 20° 22°°5 23° 23°°10 
r= 1 1:03 115 1°37 1°68 3°26 ee 


Plate III. fig. 5, represents this curve, which’ consists of four hyperbolic branches 
without inflexions. As these branches do not pass through the centre, although u, 
contains a negative term, it is evident that the equation is reducible to one of lower 
degree with an arbitrary term. Accordingly, by division we find for the reduced form of » 
equation (3), —a*+ y*—5a*y’ = A®, or say, = 1. 


17. Contour-lines of Surfaces derived from Central Curves passing through 
their Centres. 


Having already explained the mode of derivation of such lines, it is here only 
necessary to describe the illustrative figures (Pl. VI. figs. 3 and 4). 

Figure 3 represents a surface with a central core or axis, being the axis of Z. It is 
formed from equation (1), above, by taking 7 =7”"+2*. z2=1 is a maximum, and the 
four contour-lines are sections of the derived surface in the planes, z=0, z= °65, z=°75, 
and z=°9. 

Figure 4 is formed from Equation 2 (above) by transforming to x-and-y coordinates, 
and then taking x?=2°+z2"; y’=y"+2. %=1 is a maximum, and the contour-lines are 
for sections of the derived surface in the planes, z=0, z='1, and z="14. 

In this surface the pear-shaped figures are only united at the cusps, which are also 
points of inflexion, and the sections consist of detached loops. The diagram makes clear 
what is the kind of variation of an equation by which a continuous looped curve may 
break up into detached loops or ovoids. We see that these only become continuous 
through the disappearance of the quantity z, and by the equation becoming a homo- 
geneous function of x and y of the form, 


F(a, y)/F y)=1. 
It will be understood that these contour-lines are all traced from a sutiicient number 
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of computed values of x and y, although I have not printed the tables of computed 
places. 


18. The Wave-Surface. 
This surface, as usually given, is of the form 
—a*) + b?y?/(r? — b?) + 


This, when cleared of fractions and expanded, is an equation of the 6th degree, contain- 
ing all the terms of even powers of the general sextic equation of three variables. 

If, however, the equation be merely cleared of its fractional form, and the terms be 
arranged in powers of 7, it has the form 


{ aa? + — a? + a? b?c?r? = 0 ; 


whence, dividing by a*b’c’r’, and writing a, 8, and y, for b’c’, c’a*, and a*b*, we have 


where 
+y*+2*. 
This may be written 
U,—Ug+1=0 (3) ; 


where u, and u, are homogeneous functions of x*, y’, and 2 (or of x* and 7’ in the plane 
curve), consisting entirely of positive terms. 
The generalised form of the wave-surface, or wave-curve of any even degree, 
evidently is 
UntUst .. (4); 


where w is defined as above. The equation has an arbitrary term. The definition of u 
implies that each homogeneous part of the equation consists of terms of like signs, and 
under this condition this equation of different homogeneous parts represents an oval 
(though it is usual only to consider the semi-oval) entirely concave to the centre. If 
any of the homogeneous parts u, should consist of a homologous pair of negative terms 
and a homologous pair of positive terms, the curve would be the inflexional oval (Pl. IV. 
fig. 5); but, as already seen, so long as each homologous pair of terms have like signs, 
r can neither become 0 or ©; and the curve or surface is always and necessarily a 
continuous closed curve of double symmetry. 

Plate III. (fig. 7) is a representation of the limiting form of the 4th degree, obtained 
from equation (1) by suppressing the 3rd term. The reduced equation is 


atat + + bey! 


* 


1086 HON. LORD M‘LAREN ON SYSTEMS OF 


whence 
a*cos*@ + (a? + + b? [a=}$;b=}]. Dividing by a’b’, 
.. 9cost 8+ 13 6 sin? 6+ 4 sin‘ = 1/7". 


d= 0° eee 15° 20° 25° 30° 35° 40° 
r= ‘333 33 4336 ‘340 345 ‘351 ‘B59 ‘369 ‘380 


Returning to the equation of the wave-surface in its usual form (1), the curve of any 
section through an axis, Z, is most easily computed by transforming to polar coordinates. 
If, as usual, we make x=rcos@.cosp; y=rsin@.cosp ; z=rsind; and then divide by 


r°cos*p, we obtain 


whence ¢ may be found for any given values of r and @. 


In the following illustration, Pl. III. fig. (6), I suppose a section through Z making 
the angle 


6=45; sin@=cos0=./}.c=3; b=2; a=1. 


The form of the equation shows that r must be >2; <3 .* 


@= 90° 73°2 58° 47°1 33°78 28°7 24°2 19°9 15°5 10°5 0° 


The two curves are shown in figs. (7) and (6), and although the first is of the 4th 
degree and the 2nd is of the 6th degree, the resemblance is very apparent. These may 
be compared with the curve of Pl. II. fig. (5), which represents the symmetrical equation 


w+ 


19. Curves Symmetrical about One Axis. 


It has been observed that an ordinary section of a central surface is only central when 
it is taken parallel to a principal plane. But now, if a central section be taken in any 
direction through an axis of symmetry (Y) of the central surface, then all sections parallel 
to this will be symmetrical about y, but will not necessarily or usually be symmetrical 


, 18-39" tant 
The numerical equation is + 3g 


@= 45° 50° 55° 60° 65° 70° 75° 80° 85° 90° 
r= ‘392 421 437 452 ‘467 ‘480 ‘491 ‘498 "500 
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about the axis perpendicular to Y. To obtain a curve of single symmetry from any 
central surface referred to conjugate axes XYZ, we have only to transform to new axes 
xz and z, leaving Y unaltered. If we then make z=unity, or any arbitrary value, within 
proper limits, we obtain an equation in x and y, which is the required equation. If the 
given central surface have all its terms positive, then the form of the curves of the oblique 
sections (parallel to an axis) resembles that of the Cartesian oval; that is, it is a 
symmetrical closed curve without inflexions, but more pointed towards the positive 
direction of « than towards the negative. 


I shall give an illustration of such a curve of the 6th degree. Let the surface 
equation be 
X64 


This, when transformed to secondary axes in the plane XZ has the equation 


In the equation, as first given, let Y remain unchanged, and let the equation be 
tranformed to axes « and z, each having the inclination 60° to the original plane XY. 
The formula of transformation is 

X =(#—z). cos 60°; Z=(a+2z). sin 60°. 


If in the transformed equation z be taken equal to unity, and the equation cleared of 
fractions, the resulting expression for the plane curve is 


16y°=9 — {7a°+39x> + 105a* + 13025 + 1052? +392}, 


where the new arbitrary term, 9, is the difference between 2° or unity and the arbitrary 


term of the transformed surface equation. The new plane xy is then inclined at 60° 
to XY. 


The following values of x and y have been computed :— 


0 — ‘2 —3 + —'5 —7 —'8 
+ y =(9/16)* 953 ‘972 ‘978 ‘976 ‘967 ‘950 ‘919 ‘881 ‘801 
= 9086 
—99 + ‘1 2 
+y= ‘561 0: +y ‘761 impossible 


The approximate value of +x when y=0 is "154. 

The value —x= —1, when y=0, is exact. 

If the equation of the derivative surface contains the terms Pay’ + Pa’y*, the equa- 
tion of the section may contain additional terms of the form y*(a*+a*+a*?+2) and 
y‘(ax’ + x), where the coefficients are omitted. 


ay. 
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If in the original equation y* be taken negative, the surface will be a sexticvhyper- 
boloid of one sheet, y being the axis. Taking a section whose inclination to the original 
plane XY is 60°, we obtain the same expression for the plane curve as that last given, 
except that the terms on the right side of the sign of equality have their signs changed. 

The following values of 2 and y have been computed for this hyperbolic curve of 
single symmetry: the first value only being approximate, those from ‘2 to 2°0 being 
exact. 


+2 = ‘154 3 *4, 6 ‘8 10 20 
Fy = 0 ‘80 1°14 1°35 1°54 1‘72 260 2. 


The values of a of the immediately preceding table give an opposite and dissimilar 
branch. 


The two curves are shown in figs. (1) and (2) of Pl. IV. 


(19a). To find a Symmetrical Expression for the Oval of Single Symmetry. 


Referring to the figures of the curves, since for every pair of equal positive and 
negative values of y there are two values of 2, it is always possible to inscribe a square 
in such a figure. Let the oval be referred to the diagonals of the inscribed square as 
coordinate axes. Then the equation must satisfy three conditions :—(1) The uncombined 
terms of x and y are all terms of even powers, otherwise the values of +a and —2z would 
not be equal when y=0 ; (2) the equation is a symmetrical expression, because the axes 
of reference are equally inclined to the axis of symmetry ; (3) the terms are all positive, 
because, according to the rule of signs (above), it is only positive pairs of even terms which, 
when transformed to bisecting axes, produce exclusively even powers of y, as must be the 
case here. There is a fourth condition. I may here anticipate what is proved in the section 
on radial coordinates, that the algebraic equations of these curves, when referred to their 
axes of symmetry, contain no uneven powers in the even terms; ue., these even terms are 
of the form xy”, and we have already shown that the transformation to axes having the 
inclination 45°, does not introduce uneven powers. Hence (4) our symmetrical equation 
may consist of pairs of the terms 2°, y°; x*y’, a’y'; xy’? and 2’, y’ together with composite 
uneven terms. If an equation satisfying these conditions be made homogeneous by sup- 
plying powers of z, it is seen that the axes of the plane curve lie in principal planes 
of the homogeneous closed symmetrical surface, and that the origin of the plane curve is 
in a diameter of this surface. 

Unless all the uneven terms are present, the oval will be inflexional. See figure (3) 
of Plate IV. | 

Similar results are obtained for the hyperbolic curve of single symmetry. 

These curves are best investigated by means of radial equations from two foci, as 
given in the sequel. The origin or point to which the last equation is referred has no 
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direct relation that I can discover to the foci. It is certainly not the mean point between 
the foci in the curve of single symmetry, because then the radial equation would be a 
symmetrical expression with equal coefticients, which is of course not the case in curves 
of single symmetry. 

It is evident that the sextic hyperboloid of one sheet, and indeed a similarly con- 
structed surface of any degree, will furnish either oval or asymptotic curves of the quasi- 
Cartesian type, according to the angle at which the section is taken. 

If the equation of such a surface contains only the highest power of one of the positive 
terms, x, then when x"= the arbitrary term, the equation reduces to a pair of right lines 
or rules. But the number of such rules apparently cannot exceed that of the conjugate 
diameters for a hyperboloid of any even degree above the second. 


(196). Examples of Curves of Single Symmetry. 


To form the equation of the oval of single symmetry of any degree, it is not necessary 
to go through the process of forming a surface equation and then transforming to new 
axes. I have only done this to illustrate the theorem that every plane curve is a section 
of a homogeneous surface of the same degree. 

From the mode of formation of the preceding expressions, it is easily seen that a 
symmetrical binomial function of x and z, with the highest power of y added, becomes an 
oval of single symmetry when a definite value is given to z, as in the following illustra- 
tion 


P(x = + 8x'2 + 2822? + + + 56a52° + 284726 + +a} +y%=1, 
By making z=1, we obtain 
+2)8= + 827 + + 562° + 7024 + + 2827 + 8x} 


If all the signs of the second equation be changed, then the positive sign of y gives the 
closed oval, and the negative sign of y the asymptotic form. 

In this equation for any possible value of x, the positive and negative roots of y are 
equal; but for a given value of y the roots of x are unequal. 

On these considerations the following methods have been devised for obtaining the 
curves of single symmetry of any degree (1). In any diametral homogeneous equation 
in we may take v,=z+ /X; L=(v,—2)’; whence values of and y are found 
from v, v, for any required value of z. Or we may take v,=y’; vj=2°+2, whence —2’; 
and the equation consists of even powers of y and uneven powers of z. 

The curve of Pl. VI. fig. 7, which is of the form of a rifle-ball, was obtained from (a, 6) 
by substituting 5+ ./2 for v, after transforming the origin to the extremity of the axis 
of X. It is of the 12th degree. I might have taken z+ 2 =0, or =1,—z. 

Each of the homogeneous curves, a, B, «, and ¢, may be made to furnish by deriva- 


| 
| 
| 
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tion curves of single symmetry of different degrees. Again, by giving different values 
to z in any of the derived equations, a series of contour-lines may be traced representing 
a surface which is symmetrical about one axis. 

(2) An equation also represents a curve of single symmetry when it is of ‘the homo- 
geneous form w,/uU,_,=1, and (1) the function w, is of even, and u,_, of uneven degree, 
and also (2) the terms contain only even powers of one of the quantities, y. Thus the 


equation 
Party? + = —Qasy? + Ray, 


represents a non-central symmetrical equation, from which contour-lines of a derived 
surface may be obtained by substituting 2’+z for x and y’,+2 for y in the equation, 
and finding values of x’ and y’ from « and y for any required value of z. 

I ought, perhaps, to refer here to the case of curves composed of factors; but the 
subject has been already fully investigated ; and I could scarcely hope to add anything 
material to what has been found by writers of higher authority in these matters. I only 
make this observation, that when equations expressed in terms of factors are expanded 
in terms connected by additive or subtractive signs, it is generally necessary to give 
alternative signs to some of the terms, consistently with the original equation, otherwise 
the complete ovals will not be obtained. I have given an illustration of such a curve of 
the 6th degree, in which the expansion of the terms of factors does not lead to alternative 
signs, and which forms an elegant symmetrical closed curve having thirty-two inflexions 
in its orbit. Its equation is 


(x? —1)(a? — (PL. IV. fig. 5.) 


20. Parabolic Inmiting Forms. 


Considered as a section of the homogeneous central surface, a parabola of the n™ degree 
is evidently a section of such a surface parallel to any tangent plane of the asymptotic 
cone. For such a section the inclination of the asymptotes (which is the same as that of 
a parallel section through the centre) vanishes, which proves that the curve is parabolic. 
It is not quite correct to describe a parabola (as is sometimes done) as being a curve 
whose equation wants the highest power of one of the variables. Homogeneous equations 
are always central curves, although they may not contain the highest powers of both 
variables. An equation in x, y, represents a parabolic curve when one of the variables 
does not occur in the highest homogeneous part ; in other words, when the highest part 
consists of a single term, y", or is reducible to a single term by transformation of axes. 
Because, by transforming to polar coordinates, and dividing by sin" 8, we see that when 
sin @ is equated to zero r becomes infinite, and that there are no asymptotes, because uw, 
consists of a single term. When in the equation of a parabola of any degree, uw, consists 
of more than one term, then since uv, must be derived by transformation of axes from a 
single term, y” (where y becomes px+qy) the homogeneous part, u, ought to be a 
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complete square, or a complete binomial expansion of px+qy. This would seem to be 
the proper criterion by which an equation not referred to principal axes may be known to 
be the expression of a parabolic curve. 

If the equation consists entirely of terms of even powers, there are two parabolas, one 
on each side of the axis of X, which may in a sense be considered to be two branches 
of a central curve, as in the following easy example :— 


y+ = der 
y= 0 1 2 3 4 5 6 
z= 0 1057 2379 4027 5981 10°670. 


21. Biradial Coordinates. 


The homogeneous equations hitherto treated have been solved for loci determined by 
Cartesian coordinates. The same equations and the same series of values as are above 
found may be represented graphically under different coordinate systems, and so as to 
produce curves differing widely in form and geometric properties from the curves of the 
a-and-y system. 

If to avoid ambiguity we call the coordinates for which values were found 1,v,, these 
may represent radii, angles, or trigonometrical quantities instead of lines drawn to 
coordinate axes; and the equations may be equations in 7, and 7,; 6, and 6,; 7 and a; 
or r and z (where 7 is the radius vector from a pole, and z is a perpendicular on a 
directrix). This last system again may be immediately transformed into trilinear 
coordinates by substituting x*+y’ for 7”. The homogeneous equation in sin 6, and 
sin 6, is evidently identical with the homogeneous equation of corresponding terms in 
7, and 7,; because in the variable triangle composed of the two radii and the line joining 
the foci the sides are proportional to the sines of the opposite angles. — 

As an illustration of what may be done in a new direction with the homogeneous 
equations already examined, the following chapter on a class of Biradials has been 
written :— 

The radial coordinates, from foci F,, F., are denoted by 77,; and the distance 
F, F, by 2e. | 

The equations here considered are of the form 


where the index 7 is an even number. 

I have not been able to come to a clear conclusion regarding biradial equations of 
uneven degrees. On the one hand, if we seek to transform these to rec ar or 
ordinary polar coordinates, it is necessary to square the equation twice to remove the 

VOL. XXXV. PART IV. (NO. 23). 8c 
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radical, so that a biradial equation of the 3rd degree corresponds to an equation of 
the 12th degree in rectangular Cartesian coordinates ; while a biradial of the 4th degree 
can be transformed into a quadric in Cartesian coordinates. On the other hand, when the 
biradial curves of the 3rd, 4th, 5th, and 6th degrees are traced, they are found to be in 


series ; and in this case, apparently, the degree of the Cartesian equation (contrary to the 


general understanding of mathematicians on this subject) is not a criterion of the true 
order of the curve. 


Plate V. fig. 8, represents this series of curves, that of the 3rd degree being the 
nearest to the centre. The dotted curve is the biradial curve of the fractional degree 
7/2. Each curve is laid down from nine computed points for the quadrant. 

Equation (1) is the Oval of double symmetry. Its equation in ordinary polar 
coordinates reduces to a simple and easily remembered expression. Taking O, the centre 
of the oval for the origin of Cartesian and polar coordinates (x, y, R, 6); OF, = OF, =c. 
For a point P in the curve, we have from the triangles OF,P, OF;P, 


72 = OP + OF? + 20F..0P.cos F,0P = R?+¢? + 2cR cos 0. 


In the expansions of 77, 7; the uneven terms of Rcos@ disappear. Thus by trans- 
formation 7j +7; = A’ becomes 


(R? +c? — 2cR.cos 0) 4. (R? + 2cR.cos 6) = A’, 
R? = (A?—2c)/2, the circle. 


For the radial equation of the 4th degree we have 


+(R? +c? + 2cR-cos = A* 
cos? = ; 
(3). 


For the radial equation of the 6th degree we have 


cos +(R? +c? + 2cR.cos 6)* = 
cos 6)? = A®/2 ; 
. . . (4) 


Cognate polar equations may be formed in the same way for radial equations of any 
even degree, whence the equations in 2 and y may be written out. The equations are 
homogeneous functions of the composite quantities (x*+ +c’) and 2cz. 

If we write v,v, for these expressions, and solve the homogeneous equation in vv, 
_ for any point, we may then find x=v,/2c, and y= ./vy,—2°—c’. 


7; = OP? ++ OF; —20F,.0P.cos F,OP = R? +c? — 2cR cos 0: 
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These equations do not presuppose any relation between A andc. Accordingly, by — 


varying the distance of F and O, the equation may be made to represent an oval from 
any two points on the major or minor axis taken as poles, and these poles may be either 
interior to, or on the oval, or (within certain limits) exterior to it. If a and b represent 
the lengths of the principal semi-axes of the oval, the limiting position of an exterior 
pole or focus is c= 2a, where the curve is reduced toa line. The limiting positions of 


interior poles or foci is of course c=0, where the foci coincide, and the curve becomes a | 


circle. 

The principal foci of the oval are determined under the same conditions as the foci of 
an ellipse; by taking c’=a’—b*. Then, for the pair of equal radii drawn from the foci 
to the extremity of the minor axis, we have the relation 7;=7,=a. If the major axis be 
taken as of unit value, then c’ =(a’—0’)/a’ =e’, and the polar equations for the 4th and 
6th degree curves may be written 


R°+(3eR* + cos? 0)=(A°—2e)/2 6+), 


where e is the eccentricity estimated in the same manner as in the case of the ellipse, the 
cognate curve of the 2nd degree. And similarly for any curve of even degree in which 
the foci are properly taken. It may here be noticed that the equation R*(1+c’ cos’ @) = A’ 
represents an ellipse, because it may be immediately changed to y’+c’z’= A’. The ellipse 
then belongs to this family of curves, of which it is of course the lowest form. 

Plate V. fig. 4, represents the sextic curve having the equation 


+ +72 = 1, 


and referred to its principal foci. For its construction the values of 7,7, are used, which 
are transcribed in the ensuing table, p. 1096. But as the curve was to be referred to its 
principal foci, it was necessary to adopt as the maximum and minimum radii the pair of 
values whose sum is equal to twice the mean radius, 7,. Hence the only available 


values were 
(‘7652 ‘7115. ‘6603 6103 5611 \ 
(3569 ‘4108 ‘4623 ‘5122 ‘5611 


The curves here considered have a general resemblance to ellipses ; and if the equation 
in w-and-y coordinates be referred to oblique axes, the curve resembles an ellipse referred 
to conjugate inclined axes. The greatest and least diameters are thus apparently conju- 
gate, but are not really so; because it has been found impossible by analysis to reduce 
the locus of mid-points of parallel chords to a simple equation. It will be seen from 
Plate V. that the difference between the biradial curve of the 6th degree and the ellipse 
described on the same axes is very small, and it is probable that the class of homo- 


* These coordinates are very nearly the same as those of the ellipse described on the same axes. 


‘ 
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geneous biradial curves may be resolved into functions of curves of the seconddegree 
with variable elements. 

Hitherto I have considered the radial curve as the geometrical expression of a homo- 
geneous radial equation of the simple form 7}+7r2,=A. It will now be shown that all 
symmetrical homogeneous equations in 7,7, of the same degree are identical curves, the 
eccentricity being dependent only on the choice of foci, or, which is the same thing, on 
the ratio of c to A. This identity is proved by transformation to polar coordinates. 
For this purpose, let 74.72-? and 7{-?.7%¢ be any pair of homologous terms of the 
symmetrical radial equation. If definite values be given to the indices n and p, and the 
transformation to polar coordinates be effected by the formula 7,,.= R’c’ + 2Rc. cos 8, it 
will be found that, in the addition of the transformed terms, all the terms of uneven 
powers disappear, and that the resulting polar expression is identical with that obtained 
from the sum of the terms 7{ and 7}. Thus, from each pair of homologous terms we 
have the same polar expression multiplied by a coefficient, and the transformed homo- 
geneous symmetrical radial equation has the form already found for the equation of three 
terms, with a new value of A. 

Thus, if we transform the equation rf + Prir} + Prir$+7%=A° to polar coordinates, we 
obtain from the two extreme terms the terms of the left side of equation (4), which may 
be denoted by F(7,r.); and from the mean terms we obtain Px F(7,7.). The polar 
equation then is of the form (4) with the right-hand term divided by (P+1.), or 


6 

The proposition that the same curve or trace may be obtained from different homo- 
geneous equations of the same degree is illustrated by fig. (1). This figure, as is the 
case with all the illustrations, is arawn by tracing the curve through a series of com- 
puted points laid down on diagram paper, never less than nine points for a complete phase. 
This figure, when referred to the two marked exterior foci, satisfies the equation 
7 + +7374 +78 =1; and when referred to the two marked interior foci it satisfies the 
equation *{+73=1. The computed values of 7; and r, are those of the table, p. 1074, for 
the equations of these forms in x and y. 

If the homogeneous radial equation contains a middle term of even powers of 7,72, its 
equivalent in polar coordinates differs only from the expression found for a pair of 
homologous terms in having the negative sign prefixed to all the terms containing cos? 0. 
I must, therefore, qualify the statement of the preceding paragraph by adding that, in 
the case of homogeneous equations of the 4th and 8th degrees (and generally where the | 
index is divisible by 4), there are apparently two forms, one without and the other with 
a middle term. But it does not appear that this variation can have any other effect than 
that of varying the coefficients of the terms multiplied by cosine’*#. The examples 


which I have worked out are confined to equations of the 6th degree, in which, of course, 
there is no middle term. 
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If the equation consists of only a middle term equated to unity, or al r? =], — | 


is immediately reducible to 77.73 = 1, which by transformation, 
— Mat + cos 8, 


the equation of the oval of Cassini. 


There is a curious relation between radial equations and equations of the same form — 


in rectangular coordinates, which is connected with the value of the coefficients. 

It has been seen (p. 1072), in the case of the sextic equation of positive even powers 
of x and y, (1) that if P, the coefficient of the pair of intermediate terms be = 8, the curve 
is a limiting circle ; (2) that by varying P from 0 to 3 we obtain every form of the non- 
inflexional oval; and (3) that for values of P exceeding 3 and less than 15, or n(n—1)/2, 
we obtain the same series of curves turned round through an angle of 45°. In the case 
of the sextic radial equation of positive even powers of 7, 7, if P, the coefficient of the 
pair of intermediate terms = 3, the curve also reduces to the circle (r}+73=1). If P be 
less than 3, the radial equation represents a curve referred to foci, or poles, in the line of 
the minor axis, which may be either interior or exterior or on the curve (see figs. 1 
and 2); and this includes the case of the equation of three terms, where P=0. But, if P 
exceeds 3, the radial equation represents a curve referred to foci, or poles, in the line of 
the major axis, which may be either interior or exterior or on the curve; and this includes 
the case of the curve referred to its principal foci. 

It appeared to me that the radial curves, as traced, were a little more rounded at the 
apses than ellipses, and this impression has been confirmed by the numerical computation 
and comparison of the forms of the ellipse and of the sextic oval described on identical 
major and minor axes, which will be immediately given. It would be interesting to make 
a cognate comparison for elliptic ovals of different degrees, There are two ways in — 
such a comparison may be instivuted. 

(1) If the vertices of the curves be taken for foci, or poles of radial coordinates, the 
arbitrary term is then a parameter, and a series of curves of different degrees may be 
described upon the same principal axes, a and b. (2) If the foci of the normal position 
(c?=a?—b*) be taken for poles, it is difficult to prearrange the equations so that the 
curves to be formed shall have the same amplitude. We may, however, compute each 
curve independently, and compare it with the ellipse described on the same axes, and 
thus find out for the curve of any degree how far its coordinates differ from those of the 
ellipse of equal amplitude. In either case, it is necessary to reduce the radial coordinates 
to rectangular. This is easily done. Referring to p. 1092, we see that 


4c 


= 4cR cos x= 
Also, 


| 
| 
| 
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To determine a and b, and c (the distance between the foci), we may denote~ by 
Yo2 Yo, the greatest and least radial coordinates, being those which are drawn to the 
extremities of the axis of X; and by 7. the radii of equal length, — those which are 
drawn to the extremities of the axis of Y. Then, 


For any interior foci, 


2 


For exterior foci, . C= Toot Ton a= 


2 


9 


For foci on the curve, . . 


For foci in the normal position 1,.+7,,=2r,,=2a; and r,,—1T),=¢; 


In all cases, b= 


Values of a, b, c, x and y being thus found for the elliptic oval of any degree from its 
radial coordinates 7,r,, the comparison with the ellipses described on the same axes is 
made by taking identical values of 2 (or «=2’), and thence computing the relative 


values of 
f 


Such a comparison has been made for the curve 7° + 15773 + 157773+7.=1, and the 
ellipse having the same axes, a and b; and the values of y and y’ to the argument x=~2’, 
together with the difference (A =y—y’) are given in the subjoined table. Exact values 
of 7,7, were found by the homogeneous method, whence exact values of x, y, and 9 were 
found by the preceding formule. Taking the highest and lowest computed values of 
ry, for the axial radii, and with interior foci, we have 7 = °9367 ; 7, =°1651; c=°3858 ; 
a=°5509; b=°4075. From these elements and the tabular values of 7, and 7, the cor- 
responding values of x, y, and 7 are as in the annexed table. 


r,| 9867 8798 8215 ‘7652 7115 6603 6103 5611 
Arguments,\" 1651 2858 2990 3569 4108 4623 5122 5611 
5509 4656 «8794 «2970» 2187 1440S 0715 (00 
Seatic Oval, y | 00 2218 2986 3455 3754 3941 4043 4075 
Ellipse, 00 2178 2954 3432 8741 3982 4040 
A=(y-y) | 00 0040 0032 0023 («0009S 0002-00 
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When the eccentricity is increased by giving a different value to c, the difference — 
between the y coordinates of the oval and the ellipse also increases, as shown in the 
following table, where 7.=°9819; 7, =°'0859; c=°4480; a=°5339; b=°3380; other 
values of 7, 7, being as above. 


‘5339 3267 1882 1240 0615 00 
y 0O #1684 #2318 2783 #3007 3184 #3298 3362 3380 
00 1550 2232 2670 2967 3162 #3287 3357 3880 
=(y-y)|00 0084  0081- 0063 0030 0022 0011 0005 0000 


In Pl. IV. fig. 6, the exterior curve of each pair represents the sextic oval, and the 
interior curve the ellipse, as traced through the points here given. 

Further researches as to the properties of elliptic ovals may be expected to yield 
interesting results ; and it appears to me that these curves, and the curves obtained from 
them by linear transformation, are capable of expressing the facts of a certain class of 
physical problems with greater accuracy than is obtainable by the tables at present in 
use for the purpose. 

The three curves shown in Plate V. fig. 6, are linear transformations of the sym- 
metrical oval. Their equation is 7{/A+73/u=1; A was taken =1; and p was taken 
successively =2, 4 and % to obtain the three curves. In the diagram each curve is con- 
nected with its foci by lines drawn for the purpose. The same equation with different 
values of either c or » gives a different curve, as the figure shows. The complete 
equation is 


and the curve may be described as the Oval of single symmetry. The Cartesian oval is 
a limiting form of the oval of single symmetry of the 4th degree, as may be verified by 
twice squaring its equation 7,/A+7./p = A. 

The curves formed by giving negative values to one of the quantities, or to one of 
each pair of homologous terms, are remarkable for their varied and fantastic forms ; but 
I have not been able to discover any properties which are common to the class. 

The curve of the symmetrical equation 7?—7r{=A (shown in PI. V. fig. 5) is an 
inflexional curve of two branches. Each branch crosses the axis of X, and is symmetrical 
on either side of it; after being inflected on either side, the branches continue to 
approach to the asymptote Y, which accordingly has double contact with the curve at 
the point infinity and also at negative infinity. Generally, for the symmetric radial 
equation of any number of terms of even powers, I have found (1) in the form (f) or 
(+——+), if the coefficients of the intermediate terms are fractional, the curve is an 
oval entirely concave to the centre; (2) if the coefficient (in the form 8) exceed unity 


| 
| 
| 
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the curve is of thé form last described (PI. V. fig. 5), having the axis of Y for its 
asymptote; (3) in the forms (e) and (¢), or (+—+-—) and (++—-—), the curve is of 
the same form, having the axis of Y for its asymptote. The linear transformation of the 
radial equation with negative terms has been found to be a closed curve in all the 
examples I have tried; it apparently only becomes asymptotic when the coefficients 
X and p are equal. The oval and the mushroom-like forms of Plate V. fig. 7, are traced 
from the equation 7}/A — 73/4 =1 by giving different values to p and c. 

It is easily seen that in the case of bi-radial curves with diverse coefficients, \ and p, the 
transformation to polar coordinates will not give rise to a simplified expression, because 
the uneven terms of the expansions do not disappear. The equations in x and y contain 
in general all the even powers of y and all the powers, even and uneven, of «, and are 
similar in form to those which have been considered as resulting from an oblique section 

of a central surface parallel to a plane through one of its axes of symmetry. 
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* Cazenove, The Rev. John Gibson, M.A., D.D., 22 Alva Street, Chancellor of St Mary’s 


Cathedral 
* Chalmers, David, Redhall, Slateford 90 
* Chiene, John, M.D., F.R.C.S.E, Professor of Surgery in the University of Edinburgh, 
26 Charlotte Square 


* Christie, John, 19 Buckingham Terrace 
Christie, Thomas B., M.D., F.R.C.P.E., Royal India Asylum, Ealing, London 


.| * Chrystal, George, M.A., LL.D., Professor of Mathematics in the University of Edinburgh 


(Vice-PresipENT), 5 Belgrave Crescent 
* Clark, Robert, 7 Learmonth Terrace 
* Clark, Sir Thomas, Bart., 11 Melville Crescent 
Cleghorn, Hugh F. C., of Stravithie, M.D., LL.D., F.L.S., St Andrews, United Service 
Club, 14 Queen Street | 
* Clouston, T. 8., M.D., F.R.C.P.E., Tipperlin House, Morningside 
* Coats, Sir Peter, of Auchendrane, President of the Glasgow and West of Scotland Horti- 
cultural Society, Auchendrane, Ayr 
* Cockburn, John, F.R.A.S., 6 Atholl Crescent 
Collie, John Norman, Ph.D., F.C.S., University College, London 
Connan, Daniel M., M.A., Education Department, Cape of Good Hope 
* Constable, Archibald, 11 Thistle Street 
* Cox, Robert, of Gorgie, M.A., 34 Drumsheugh Gardens 
* Craig, William, M.D., F.R.C.P.E., F.R.C.S.E., Lecturer on Materia Medica to the College 
of Surgeons, 7 Bruntsfield Place 105 
* Croom, John Halliday, M.D., F.R.C.P.E., 25 Charlotte Square 
* Crawford, William Caldwell, Lockharton Gardens, Slateford, Edinburgh 
* Cumming, A. S., M.D., F.R.C.P.E., 18 Ainslie Place 
* Cunningham, Daniel John, M.D., Professor of Anatomy in Trinity College, 69 Harcourt 
Street, Dublin 
* Cunningham, David, Memb. Inst. C.E., Harbour Chambers, Dock Street, Dundee 
* Cunningham, George Miller, Memb. Inst. C.E., 2 Ainslie Place 
* Cunningham, J. T., B.A., Marine Biological Laboratory, Plymouth 
* Cunynghame, R. J. Blair, M.D., 18 Rothesay Place 


95 


100 


110 


* Daniell, Alfred, M.A., LL.B., D.Sc., Advocate, 3 Great King Street 
* Davidson, David, Somerset Lodge, Wimbledon Common, Wimbledon 115 
Davy, Richard, F.R.C.S., Surgeon to the Westminster Hospital, 33 Welbeck St., Cavendish 

Square, London 

* Day, St John Vincent, C.E. 

* Denny, Peter, Memb. Inst. C.E., Dumbarton 

* Dewar, James, M.A., F.R.S., Jacksonian Professor of Natural and Experimental Philosophy 
in the University of Cambridge, and Fullerian Professor of Chemistry at the Royal 
Institution of Great Britain, London 

* Dickson, Charles Scott, Advocate, 4 Heriot Row 

* Dickson, H. N., 38 York Place 


* Dickson, J. D. Hamilton, M.A., Fellow and Tutor, St Peter's College, Cambridge 


120 
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Date of 


Election.| 


1863 


1885 
1881 
1867 


1882 
1866 
1880 


1860 
1863 


1876 
1889 
1870 
1878 
1859 
1888 
1874 


1869 
1885 
1875 
1880 
1855 


1884 
1863 
1879 


1878 


1875 
1888 
1859 


1883 


1888 
1868 
1874 
1886 
1852 


1876 


Dittmar, W., LL.D., F.R.S., Professor of Chemistry, Anderson’s College, 11 Hillhead 


Street, Glasgow 
Dixon, J. M., M.A., Prof. of English Literature in the University of Tokio, Japan 
* Dobbin, Leonard, Ph.D., 16 Kilmaurs Road 125 
* Donaldson, J., M.A., LL.D., Principal of the United College of St Salvador and St Leonard, 
St Andrews 


* Dott, D. B., Memb. Pharm. Soc., 7 Victoria ieee Musselburgh 
* Douglas, David, 22 Drummond Place 


* Drummond, Henry, F.G.S., Professor of Natural History in the Free Church College, 3 Park 


Circus, Glasgow 
Dudgeon, Patrick, of Cargen, Dumfries 130 
Duncan, J. Matthews, M.A., M.D., F.R.C.P.E. (Lond. and Edin.), LL.D., F.R.S., 71 Brook 
Street, London 


* Duncan, James, of Benmore, Kilmun, 9 Mincing Lane, London 

* Duncan, James Dalrymple, F.S.A. Scot., 211 Hope Street, Glasgow 

* Duncan, John, M.D., F.R.C.P.E., F.R.C.S.E., 8 Ainslie Place 

* Duncanson, J. J. Kirk, M.D., F.R.C.P.E., 22 Drurasheugh Gardens 135 
Duns, Rev. Professor, D.D., New College, Edinburgh, 14 Greenhill Place 

* Durham, James, F.G.S., Wingate Place, Newport, Fife 

* Durham, William, Seaforth House, Portobello 


* Elder, George, Knock Castle, Wemyss Bay, Greenock 
* Elgar, Francis, Memb. Inst. C.E., LL.D., The Admiralty, London 140 
Elliot, Daniel G., New York 
* Elliot, T. Armstrong, M.A., 6 Sanderson Road, Newcastle-on-Tyne 
Etheridge, Robert, F.R.S., Assistant-Keeper of the Geological Department at the British 
Museum of Natural History, 14 Carlyle Square, Chelsea, London 
* Evans, William, F.F.A., Secretary Royal Physical Soc., 18a Morningside Park, Edinburgh 
Everett, J. D., M.A., D.C.L., F.R.S., Prof. of Nat. Philosophy, Queen’s Coll., Belfast 145 
* Ewart, James Cossar, M.D., F.R.C.S.E., Professor of Natural History, University of Edin- 
burgh, 2 Belford Park 
* Ewing, James Alfred, B.Sc., F.R.S., Professor of Engineering and Drawing in University 
College, Dundee 


Fairley, Thomas, Lecturer on Chemistry, 8 Newton Grove, Leeds 
* Fawsitt, Charles A., 4 Maule Terrace, Partick, Glasgow 
Fayrer, Sir Joseph, K.C.S.L, M.D., F.R.C.P.L., F.R.C.S.L. and E., LL.D., F. RS. Honorary 
Physician to the Queen, 53 Wimpole Street, London 150 
* Felkin, Robert W., M.D., F.R.G.S., Fellow of the Anthropological Society of Berlin, 
20 Alva Street, Edinburgh 
* Ferguson, John, M.A., LL.D., Professor of Chemistry in the University of Glasgow 
* Ferguson, Robert M., Ph.D., 12 Moray Place 
* Ferguson, William, of Kinmundy, F.L.S., F.G.S., Kinmundy House, Mintlaw 
Field, C. Leopold, F.C.S., Upper Marsh, Lambeth, London 155 
Fleming, Andrew, M.D., Deputy Surgeon-General, 3 Napier Road 
* Fleming, J. S., 16 Grosvenor Crescent 
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Date of 
Election. 


1880 


1872 


1859 
1828 
1887 


1858 


1867 


1885 


1888 
1867 
1889 
1880 


1861 


1871 


1881 
1877 
1885 


1887 
1879 


1880 
1850 
1867 
1880 
1851 
1883 
1880 
1886 


1884 
1886 


1883 


1888 


B. P. 


B. P. 


B. P. 


* Flint, Robert, D.D., Corresponding Member of the Institute of France, Corresponding 
Member of the Royal Academy of Sciences of Palermo, Professor of Divinity in the 
University of Edinburgh (Vice-Presipent), Johnstone Lodge, 54 Craigmillar Park 

Forbes, Professor George, M.A., Memb. Inst, C.E., M.S.T.E. and E., F.R.S., F.R.A.S., 34 
Great George Street, Westminster 

Forlong, Major-Gen. J. G., F.R.G.S., R.A.S., Assoc. C.E., &c., 11 Douglas Crescent 

Foster, John, Liverpool 

Fowler, Sir John, Bart., K.C.M.G., Memb. Inst. C.E., LL.D., Thornwood Lodge, Kensing- 

London 

Fraser, A. Campbell, M.A., LL.D., D.C.iL., Professor of Logic and Metaphysics in the 
University of Edinburgh, Gorton House, Hawthornden 

* Fraser, Thomas R., M.D., F.R.C.P.E., F.R.S., Professor of Materia Medica in the University 
of Edinburgh, 13 Drumsheugh Gardens 

* Fraser, A. Y., M.A., care of Dr Kennedy, 25 Newington Road, Edinburgh 


160 


165 


* Galt, Alexander, B.Sc., F.C.S., Gowanbrae, Dunoon 
Gayner, Charles, M.D., Oxford 
* Geddes, George H., Mining Engineer, 8 Douglas Crescent 
* Geddes, Patrick, Professor of Botany in University College, Dundee, and Lecturer on 
Zoology, 6 James’ Court, Lawnmarket 
Geikie, Archibald, LL.D., F.R.S., F.G.S., Corresponding Member of the Royal Academy 
of Berlin, Director of the Geological Surveys of Great Britain, and Head of the Geolo- 
gical Museum, 28 Jermyn Street, London 170 
* Geikie, James, LL.D., D.C.L., F.R.S., F.G.S., Professor of Geology in the University of 
Edinburgh, 31 Merchiston Avenue | 
* Gibson, G. A., D.Sc., M.D., F.R.C.P.E., 17 Alva Street 
* Gibson, John, Ph.D., 15 Dick Place 
* Gibson, R. J. Harvey, M.A., Lecturer on Botany, Victoria University, 44 Sydenham 
Avenue, Sefton Park, Liverpool 
* Gilmour, William, 10 Elm Row 175 
* Gilray, Thomas, M.A., Professor of English Language and Literature in the University of 
Otago, New Zealand 
* Gilruth, George Ritchie, Surgeon, 48 Northumberland Street 
Gosset, Major-General W. D., R.E., 70 Edith Road, West Kensington, London 
* Graham, Andrew, M.D., R.N., Army and Navy Club, 36 Pall Mall, London 
* Graham, James, 198 West George Street, Glasgow 
Grant, The Rev. James, D.D., D.C.L., 15 Palmerston Place 
* Gray, Andrew, M.A., Professor of Physics in University College, Bangor, North Wales 
Gray, Thomas, B.Sc., Professor of Physics, Rose Polytechnic Institute, Indiana, U.S. 
* Greenfield, W. S., M.D., Professor of General Pathology in the University of Edinburgh, 
7 Heriot Row 
* Grieve, John, M.A., M.D., F.L.S., 212 St Vincent Street, Glasgow 185 
* Griffiths, Arthur Bower, Ph.D., Lecturer on Chemistry in the School of Science of the City 
and County of Lincoln, Richmond House, Charlotte Road, Edgbaston, Birmingham 


Gunning, R. H., Grand Dignitary of the Order of the Rose of Brazil, M.D., LL.D., 12 
Addison Crescent, Kensington 


Guppy, Henry Brougham, M.B., 17 Woodlane, Falmouth 


180 
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Date of 


Election. | 


1886 
1867 


1881 


1876 
1886 


1888 
1869 
1877 


1875 


1880 


1870 
1862 


1876 
1884 
1881 
1889 


1871 
1859 
1879 
1885 


1828 
1881 
1883 
1886 
1872 
1887 
1887 
1864 


1855 


1882 
1874 


1886 


1875 


K. P. 


N. P. 


* Haddington, The Right Hon. the Earl of, Tyninghame House, Haddington 
* Hallen, James H. B., F.R.C.S.E., F.R.P.S.E., Inspecting Veterinary Surgeon in H.M. 
Indian Army, Pebworth, near Stratford-on-Avon 190 
* Hamilton, D. J., M.B., F.R.C.S.E, Professor of Pathological Anatomy in the University 
of Aberdeen, 1a Albyn Place, Aberdeen 
* Hannay, J. Ballantyne, Cove Castle, Loch Long 
* Hare, Arthur W., M.B., F.R.C.S.E., Professor of Surgery, Owens College, 3 Adelphi Terrace, 
Salford, Manchester 
* Hart, D. Berry, M.D., F.R.C.P.E., 29 Charlotte Square 
Hartley, Sir Charles A., K.C.M.G., Memb. Inst. C.E., 26 Pall Mall, London 195 
Hartley, Walter Noel, F.R.S., Professor of Chemistry, Royal College of Science for Ireland, 
Dublin 
Hawkshaw, Sir John, Memb. Inst. C.E., F.R.S., F.G.S., 33 Great George Street, West- 
minster 
* Haycraft, J. Berry, M.D., D.Sc., Lecturer on Physiology in the University of Edinburgh, 
20 Ann Street 
Heathfield, W. E., F.C.8., 1 Powis Grove, Brighton 
Hector, Sir James, K.C.M.G., M.D., F.R.S., Director of the Geological Survey, Wellington, 
New Zealand } 200 
* Heddle, M. Forster, M.D., Emeritus Professor of Chemistry in the University of St Andrews 
* Henderson, John, jun., Meadowside Works, Partick, Glasgow 
* Herdman, W. A., D.Sc., Professor of Natural History in University College, Liverpool 
Hewitt, William Morse Graily, M.D., Emeritus Professor of Obstetric Medicine in University 
College, London, 36 Berkeley Square, London 
Higgins, Charles Hayes, M.D., M.R.C.P., F.R.C.S., Alfred House, Birkenhead 
Hills, John, Lieut.-Colonel, C.B., Bombay Engineers, United Service Club, London 
Hislop, John, Secretary to the Department of Education, Wellington, New Zealand 
Hodgkinson, W. R., Ph.D., F.LC., F.C.S., Professor of Chemistry and Physics at the Royal 
Military Academy and Royal Artillery College, Woolwich, 75 Vanbrugh Park, Black- 
heath, London 
Home, David Milne, of Milne-Graden, LL.D., F.G.S., 10 York Place 
* Horne, John, F.G.S., Geological Survey of Scotland, 41 Southside Road, Inverness 
* Hoyle, William Evans, M.A., M.R.C.S., 25 Brunswick Road, Withington, Manchester 
Hunt, Rev. H. G. Bonavia, Mus. D. Dublin, Mus. B. Oxon., F.L.S., La Belle Sauvage, London 
* Hunter, Lieut.-Col. Chas., Plis Céch, Llanfairpwll, Anglesea, and 17 St George’s Sq., London 
* Hunter, James, F.R.C.S.E., F.R.A.S., 20 Craigmillar Park 
* Hunter, William, M.D. 215 
Hutchison, Robert (Carlowrie Castle), and University Club 


205 


210 


Inglis, Right Hon. John, LL.D., D.C.L., Lord Justice-General of Scotland, and Chancellor 
of the University of Edinburgh, 30 Abercromby Place 
* Inglis, J. W., Memb. Inst. C.E., 19 Montpelier, Edinburgh 
* Irvine, Alex. Forbes, of Drum, LL.D., Advocate, Sheriff of Argyll (Vick-PresipEn7), 
25 Castle Terrace 
* Irvine, Robert, Royston, Granton, Edinburgh 


220 


Jack, William, M.A., LL.D., Professor of Mathematics in the University of Glasgow 
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Date of 
Election. 


1889 
1882 


1860 
1880 
1865 
1869 


1867 
1874 
1888 


1877 


1866 
1886 
1877 
1880 
1886 


1883 
1878 


1880 


1875 
1886 
1878 
1885 


1870 


1881 
1872 
1872 
1882 
1883 
1863 
1858 
1874 
1889 


1870 


1882 


B. P. 


* James, Alexander, M.D., F.R.C.P.E., 44 Melville Street 
* Jamieson, A., Memb. Inst. C.E., Professor of Engineering in The Glasgow and West of 
Scotland Technical College, Glasgow 
Jamieson, George Auldjo, Actuary, 24 St Andrew Square 
Japp, A. H., LL.D., The Limes, Elmstead, near Colchester 
Jenner, Charles, Easter Duddingston Lodge 
Johnston, John Wilson, M.D., Surgeon-Major, Dacre House, Shrewsbury Road, Oxton, 
Birkenhead 
* Johnston, T. B., F.R.G.S., Geographer to the Queen, 9 Claremont Crescent 
Jones, Francis, Lecturer on Chemistry, Monton Place, Manchester 
Jones, John Alfred, Memb. Inst. C.E., Vice-President, and Engineer, City of Madras, 
Peter's Road, Madras 230 
* Jolly, William, H.M. Inspector of Schools, F.G.S., Ardgowan, Pollokshields 


225 


* Keiller, Alexander, M.D., F.R.C.P.E., LL.D., 21 Queen Street 

* Kidston, Robert, F.G.S., 24 Victoria Place, Stirling 

* King, Sir James, of Campsie, Bart., LL.D., 12 Claremont Terrace, cmagow 

* King, W. F., Lonend, Russell Place, Trinity 235 

* Kingsburgh, The Right Hon. Lord, C.B., LL.D., F.R.S., M.S.T.E. and E., Lord Justice- 
Clerk, and Lord President of the Second Division of the Court of Session, 15 Aber- 
cromby Place 

* Kinnear, The Hon. Lord, one of the Senators of the College of Justice, 2 Moray Place 

* Kintore, The Right Hon. the Earl of, M.A. Cantab., Keith Hall, Inglismaldie Castle, 
Laurencekirk 


* Knott, C. G., D.Sc., Prof. of Natural Philosophy in the Imperial University of Tokio, Japan 


* L’Amy, John Ramsay, of Dunkenny, Forfarshire, 107 Cromwell Road, London 

* Laing, Rev. George, 17 Buckingham Terrace 

* Lang, P. R. Scott, M.A., B.Sc., Professor of Mathematics in the University of St Andrews 

* Laurie, A. P., B.A., B.Sc., Lecturer on Chemistry at the People’s Palace Technical School, 
London 

* Laurie, Simon S., M.A.; Professor of Education in the University of Edinburgh, Nairne 
Lodge, Duddingstone 

* Lawson, Robert, M.D., Deputy-Commissioner in Lunacy, 24 Mayfield Terrace 

* Lee, Alexander H., C.E., Blairhoyle, Stirling 

* Lee, The Hon. Lord, one of the Senators of the College of Justice, 12 Rothesay Place 

* Leslie, Alexander, Memb. Inst. C.E., 12 Greenhill Terrace 

* Leslie, George, M.B., C.M., Old Manse, Falkirk 

Leslie, Hon. G. Waldegrave, Leslie House, Leslie 
Leslie, James, Memb. Inst. C.E., 2 Charlotte Square 

* Letts, E. A., Ph.D., F.LC., F.C.S., Professor of Chemistry, Queen’s College, Belfast 

* Lindsay, Rev. James, B.D., B.Sc., F.G.S., Minister of St Andrews Parish, Springhill 
Terrace, Kilmarnock 

* Lister, Sir Joseph, Bart., M.D., F.R.C.S.L., F.RCS.E, LL.D., D.C.L, F.R.S., Professor of 
Clinical Surgery, King’s College, Surgeon Extraordinary to the Queen, 12 Park Crescent, 
Portland Place, London 

* Livingston, Josiah, 4 Minto Street 


240 


245 


250 


255 


COP. 
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Date of 
Election. 


1861 


1884 
1888 
1849 
1886 


1855 


1888 
1887 
1888 
1885 
1883 
1867 
1886 
1847 
1888 
1878 


1885 
1877 
1878 
1886 
1880 


1879 
1869 


1882 


1873 


1840 
1843 


1853 


1869 
1864 


1869 | 


1888 


1870 


N. P. 


Lorimer, James, M.A., Advocate, Professor of Public Law in the University of Edinburgh, 
1 Bruntsfield Crescent 
* Low, George M., Actuary, 15 Chester Street 
* Lowe, D. F., M.A., Headmaster of Heriot’s Hospital School, Lauriston 
Lowe, W. H., M.D., F.R.C.P.E., Woodcote, Inner Park, Wimbledon 
Lyster, George Fosbery, Memb. Inst. C.E., Gisburn House, Liverpool 260 
Macadam, Stevenson, Ph.D., Lecturer on Chemistry, Surgeons’ Hall, Edinburgh, 11 East 
Brighton Crescent, Portobello 
* Macadam, W. Ivison, Lecturer on Chemistry, 6 East Brighton Crescent, Portobello 
M‘Aldowie, Alexander M., M.D., Brook Street, Stoke-on-Trent 
M‘Arthur, John, Battersea, London 
+ M‘Bride, Charles, M.D., Wigtown 
* M‘Bride, P., M.D., F.R.C.P.E., 16 Chester Street 
* M‘Candlish, John M., W.S., 27 Drumsheugh Gardens 
* Macdonald, William J., M.A.; 6 Lockharton Terrace 
Macdonald, W. Macdonald, of St Martin’s, Perth 
* M‘Fadyean, John, M.B., B.Sc., Lecturer on Anatomy, 9 East Hermitage Place, Leith 270 
Macfarlane, Alex., M.A., D.Sc., LL.D., Professor of Physics in the University of the State 
of Texas, Austin, Texas 
* Macfarlane, J. M., D.Sc., 15 Scotland Street 
* Macfie, Robert A., Dreghorn Castle, Colinton 
+ M‘Gowan, George, F.1.C., Ph.D., University College of North Wales, Bangor 
* MacGregor, Rev. James, D.D., 11 Cumin Place, Grange 275 
MacGregor, J. Gordon, M.A., D.Sc., Professor of Physics in Dalhousie College, Halifax, 
Nova Scotia 
* M‘Grigor, Alexander Bennett, LL.D., 19 Woodside Terrace, Glasgow 
* M‘Intosh, William Carmichael, M.D., LL.D., F.R.S., F.L.S., Professor of Natural History 
in the University of St Andrews, 2 Abbotsford Crescent, St Andrews 
* Mackay, John Sturgeon, M.A., LL.D., Mathematical Master in the Edinburgh Academy, 
69 Northumberland Street 
* M‘Kendrick, John G., M.D., F.R.C.P.E., LL.D., F.R.S., Professor of the Institutes of 
Medicine in the University of Glasgow 280 
Mackenzie, John, New Club, Princes Street 
Maclagan, Sir Douglas, M.D., F.R.C.S.E., Professor of Medical Jurisprudence in the 
University of Edinburgh (Vice-Presipent), 28 Heriot Row 
Maclagan, General R., Royal Engineers, LL.D., 4 West Cromwell Road, S, Kensington, 
London, 8. W. 
* Maclagan, R. Craig, M.D., 5 Coates Crescent 
M‘Lagan, Peter, of Pumpherston, M.P., Clifton Hall, Ratho 285 
* M‘Laren, The Hon. Lord, LL.D. Edin. and Glasg., F.R.A.S., one of the Senators of the 
College of Justice (Vick-PREsIpDENT), 46 Moray Place 
* Maclean, Magnus, M.A., Assistant to the Professor of Natural Philosophy in the University 
of Glasgow, 21 Hayburn Crescent, Partick 
+ Macleod, Sir George H.B., M.D., F.R.C.S.E., Regius Prof. of Surgery in the University of 
Glasgow, and Surgeon in Ordinary to the Queen in Scotland, 10 Woodside Crescent, 
Glasgow 
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1870 


K.P. 


* Macleod, Rev. Norman, D.D., 7 Royal Circus 
* Macleod, W. Bowman, L.D.S., 16 George Square 
* Macmillan, Rev. Hugh, D.D., LL.D., Seafield, Greenock 
* Macmillan, John, M.A., B.Sc., 6 St Vincent Street 
* Macpherson, Rev. J. Gordon, M.A., D.Sc., Ruthven Manse, Meigle 
* M‘Roberts, George, F.C.S., Bath House, Ardrossan, Ayrshire 
Mactear, James, F.C.S., 2 Victoria Mansions, Hyde Park, London 
Malcolm, R. B., M.D., F.R.C.P.E., 126 George Street 
Marsden, R. Sydney, M.B., C.M., D.Sc., F.LC., F.C.S., Pembroke House, King Street, 
Stockton-on-Tees 
Marshall, D. H., M.A., Professor of Physics in Queen’s University and College, Kingston, 
Ontario, Canada 
Marshall, Henry, M.D., Clifton, Bristol 
* Marshall, Hugh, D.Sc., Assistant to the Professor of Chemistry in the University of Edin- 
burgh, 1 Lorne Terrace 300 
Marwick, Sir James David, LL.D., Town-Clerk, Glasgow 
* Masson, David, LL.D., Professor of Rhetoric and English Literature in the University of 
Edinburgh, 58 Great King Street 
* Masson, Orme, D.Sc., Professor of Chemistry in the University of Melbourne 
* Matthews, James Duncan, Springhill, Aberdeen 
* Methven, C. W., Memb. Inst. C.E., Engineer’s Office, Harbour Works, Port Natal 305 
* Mill, Hugh Robt., D.Sc., F.C.S., Scot. Marine Station, Granton, Braid Road, Morningside, 
Edinburgh 
* Miller, Hugh, H.M. Geological Survey Office, George IV. Bridge 
Miller, Thomas, M.A., LL.D., Emeritus Rector of Perth Academy, Inchbank House, Perth 
Milne, Admiral Sir Alexander, Bart., G.C.B., Inveresk 
* Milne, William, M.A., B.Sc., Mathematical and Science Teacher, High School, Glasgow 310 
* Mitchell, Sir Arthur, K.C.B., M.A., M.D., LL.D., Commissioner in Lunacy (Vicsr-Prest- 
DENT), 34 Drummond Place 
* Mitchell, A. Crichton, B.Sc., 2 Baxter’s Place 
Moir, John J. A., M.D., F.R.C.P.E., 52 Castle Street 
* Moncreiff, The Right Hon. Lord, of Tullibole, LL.D. (Honorary Vice-Presipent), 15 
Great Stuart Street 
* Moncrieff, Rev. Canon William Scott, of Fossaway, Christ’s Church Vicarage, Bishop- Wear- 
mouth, Sunderland 315 
* Montgomery, Very Rev. Dean, M.A., D.D., 17 Atholl Crescent 
Moos, Nanabhay A. F., L.C.E., B.Sc., Assistant Professor of Engineering, College of Science, 
Bombay 
More, Alexander Goodman, M.R.LA., F.L.S., 74 Leinster Road, Dublin 
* Muir, M. M. Pattison, Prelector on Chemistry, Caius College, Cambridge 
* Muir, Thomas, M.A., LL.D. (Vice-Presipent), Mathematical Master, High School, Glasgow, 
Beechcroft, Bothwell, Glasgow 320 
* Muirhead, George, Mains of Haddo, Aberdeen 
Mukhopadhyay, Asfitosh, M.A., F.R.A.S., Examiner in Mathematics in the University of 
Calcutta, Professor of Mathematics at the Indian Association for the Cultivation of 
Science, 77 Russa Road North, Bhowanipore, Calcutta 
* Munn, David, M.A., 2 Ramsay Gardens 


290 


295 


Election. | 
1876 
1883 

1872 

1876 

1884 

1883 

1888 

1858 

1880 | P. 

1882 | P. 

1869 

1888 

1864 

1866 

1885 | P. 

1883 

1888 

1885 
1886 

1852 

1833 

1886 

1866 
1889 | P. 

1865 

1870 

1871 

1868 

1887 

1887 
1873 

1874 | 

1888 | 

1877 
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1889 * Munro, Rev. Robert, M.A., B.D., F.S.A. Scot., Free Church Manse, Old Kilpatrick 
1857 Murray, John Ivor, M.D., F.R.C.S.E., M.R.C.P.E., 24 Huntriss Row, Scarborough 325 
1877 | N. P.| * Murray, John, LL.D., Ph.D., Director of the Challenger Expedition Commission, 28 Douglas 
, Crescent, and United Service Club. Office, 45 Frederick Street 
1888 * Murray, R. Milne, M.A., M.B., F.R.C.P.E., 10 Hope Street 
1887 Muter, John, M.A., F.C.S., Winchester House, 397 Kennington Road, London 
1884 Mylne, R. W., C.E., F.R.S., 7 Whitehall Place, London 
1888 Napier, A. D. Leith, M.D., C.M., M.R.C.P.L., 67 Grosvenor Street, Grosvenor Square, 
London 330 
1877 * Napier, John C., Audley Mansions, Grosvenor Square, London 
1887 * Nasmyth, T. Goodall, M.B., C.M., D.Sc., Foulford, Cowdenbeath, Fife 
1866 * Nelson, Thomas, St Leonard’s, Dalkeith Road 
1883 * Newcombe, Henry, F.R.C.S.E., 5 Dalrymple Crescent, Edinburgh 
1884 + Nicholson, J. Shield, Professor of Political Economy in the University of Edinburgh, 
Eden Lodge, Eden Lane, Newbattle Terrace 335 
1880 | P. |* Nicol, W. W. J., M.A., D.Sc., Lecturer on Chemistry, Mason College, Birmingham 
1878 Norris, Richard, M.D. 
1888 * Ogilvie, F. Grant, M.A., B.Sc., Principal of the Heriot-Watt College, 27 Blacket Place 
1888 * Oliphant, James, M.A., 50 Palmerston Place 
1886 Oliver, James, M.I)., C.M., M.R.C.P., Assistant Physician, Hospital for Women, 18 
Gordon Square, London 340 
1884 * Omond, Robert Traill, Superintendent of Ben Nevis Observatory, Fort-William, Inverness 
1877 Panton, George A., 73 Westfield Road, Edgbaston, Birmingham 
1886 * Paton, D. Noel, M.D., B.Sc., F.R.C.P.E., 4 Walker Street 
1889 * Patrick, David, M.A., 25 Gillespie Crescent 
1881 | N.P.|* Peach, B. N., F.G.S., Acting Palwontologist of the Geological Survey of Scotland, 13 
Dalrymple Crescent 345 
1889 * Peck, William, F.R.A.S., Town’s Astronomer, Murrayfield, Edinburgh 
1863 Peddie, Alexander, M.D., F.R.C.P.E., 15 Rutland Street 
1887 * Peddie, Wm., D.Sc., Assistant to the Professor of Natural Philosophy, Edinburgh University 
1886 * Peebles, D. Bruce, Tay House, Bonnington, Edinburgh 
1869 Pender, Sir John, 18 Arlington Street, Piccadilly, London 350 
1888 * Perkin, W. H., junior, Ph.D., Prof. of Chemistry in the Heriot-Watt College 
1889 * Philip, R. W., M.A., M.D., F.R.C.P.E., 4 Melville Crescent } 
1883 Phillips, Charles D. F., M.D., 10 Henrietta Street, Cavendish Square, London, W. 
1859 | P. Playfair, The Right Hon. Sir Lyon, K.C.B., M.P., LL.D., F.R.S., 68 Onslow Gardens, 
London 
— 1877 Pole, William, Memb. Inst. C.E., Mus. Doc., F.R.S., 31 Parliament St., Westminster 355 
1886 * Pollock, Charles Frederick, M.D., F.R.C.S.E., 1 Buckingham Terr., Hillhead, Glasgow 
1874 Powell, Baden Henry Baden-, Forest Department, India 
1852 Powell, Eyre B., C.S.L, M.A., 28 Park Road, Haverstock Hill, Hampstead, London 
1888 Prain, David, Surgeon, Indian Medical Service, and Curator of the Herbarium, Royal 
Botanic Gardens, Shibpur, Calcutta 
1880 * Prentice, Charles, Actuary, C.A., Edinburgh, Athenzeum, Glasgow 360 
1875 Prevost, E. W., Ph.D., The Poplars, Shuttington, Tamworth 


| 
| 
| 
| 
| 
| 
i 
| 
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Date of 
Election. 


1849 


1882 
1885 
1880 
1884 


1882 


~ 1885 


1869 
1883 
1889 
1875 
1872 


1883 
1880 
1872 


1859 
1886 


1877 


1881 
1881 
1880 


1880 
1869 


1863 
1864 
1849 
1846 
1887 
1885 
1880 


1888 
1875 


1889 
1864 


1872 


B. P. 


Primrose, Hon. B. F., C.B., 22 Moray Place 
* Pryde, David, M.A., LL.D., Head Master of the Ladies’ College, 10 Fettes Row, Edinburgh 
* Pullar, J. F., Rosebank, Perth 
* Pullar, Robert, Tayside, Perth " 365 
Ramsay, E. Peirson,M.R.LA., F.L.S., C.M.Z.S., F.R.G.S., F.G.S., Fellow of the Imperial and 
Royal Zool. and Bot. Soc. of Vienna, Curator of Australian Museum, Sydney, N.S.W. 
* Rattray, James Clerk, M.D., 61 Grange Loan 
* Rattray, John, M.A., B.Sc., 31 Belsize Avenue, South Hampstead, London 
Raven, Rev. Thomas Milville, M.A., The Vicarage, Crakehall, Bedale 
* Readman, J. B., D.Sc., F.C.S., 9 Moray Place 
Redwood, Boverton, Glenwathen, Ballard’s Lane, Finchley, Middlesex 
* Richardson, Ralph, W.S., 10 Magdala Place 
Ricarde-Seaver, Major F. Ignacio, Conservative Club, St James’ Street, London, and 
2 Rue Laffitte, Boulevard des Italiens, Paris 
* Ritchie, R. Peel, M.D., Pres. R.C.P.E., 1 Melville Crescent 
Roberts, D. Lloyd, M.D., F.R.C.P.L., 23 St John Street, Manchester 375 
* Robertson, D. M. C. L. Argyll, M.D., F.R.C.S.E., Surgeon Oculist to the Queen for Scot- 
land, and President of the Royal College of Surgeons, 18 Charlotte Square 
Robertson, George, Memb. Inst. C.E., Athenzeum Club, Pall Mall, London 
* Robertson, Right Hon. J. P. B., Q.C., LL.D., M.P., Lord Advocate of Scotland, 19 Drum- 
sheugh Gardens 
* Robinson, George Carr, F.I.C., Lecturer on Chemistry in the College of Chemistry, Royal 
Institution, Hull 
* Rogerson, John Johnston, B.A., LL.B., Merchiston Castle Academy 
Rosebery, The Right Hon. the Earl of, LL.D., Dalmeny Park, Edinburgh 
Rowland, L. L., M.A., M.D., President of the Oregon State Medical Society, and Professor 
of Physiology and Microscopy in Williamette University, Salem, Oregon 
* Russell, J. A., M.A., B.Sc., M.B., F.R.C.P.E., Woodville, Canaan Lane 
* Rutherford, Wm., M.D., F.R.C.P.E., F.R.S., Professor of the Institutes of Medicine in 
the University of Edinburgh, 14 Douglas Crescent 


370 


380 


Sanderson, James, Deputy Inspector-General of Hospitals, F.R.C.S.E., 8 Manor Place 385 
Sandford, The Right Rev. Bishop D. F., LL.D., Boldon Rectory, Newcastle-on-Tyne 
Sang, Edward, C.E., LL.D., 31 Mayfield Road | 
Schmitz, Leonard, LL.D., 53 Gloucester Road, Regent’s Park, London 
* Schulze, Adolf P., 2 Doune Gardens, Kelvinside, Glasgow 
Scott, Alexander, M.A., D.Sc., 4 North Bailey, Durham 390 
Scott, J. H., M.B.,C.M., M.R.C.S., Professor of Anatomy in the University of Otago, New 
Zealand 
* Scott, John, C.B., Shipbuilder, Hawkhill, Greenock 
Scott, Michael, Memb. Inst. C.E., care of Alexander Grahame, Esq., 30 Great George Street, 
Westminster 
* Scougal, Andrew E., M.A., H.M. Inspector of Schools, 12 Blantyre Terrace 
Sellar, W. Y., M.A.. LL.D., Professor of Humanity in the University of Edinburgh, 
15 Buckingham Terrace 395 


* Seton, George, M.A., Advocate, 42 Greenhill Gardens 
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Date of 
Election. 


1887 


1872 
1870 
1871 


1888 
1859 
1876 
1868 
1882 
1885 
1883 
1871 


1886 
1871 


1880 
1846 


1880 


1889 


1882 
1874 
1850 
1885 
1886 
1884 
1877 
1888 
1868 
1888 
1868 
1878 
1866 


1873 
1848 
1877 


1889 


1823 
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Pb, Sexton, A. HH, F.CS., Professor of Chemistry, College of Science and Arts, 38 Bath Street, 


Glasgow 
Sibbald, John, M.D., Commissioner in Lunacy, 3 St Margaret’s Road, Whitehouse Loan 
* Sime, James, M.A., South Park, Fountainhall Road 
* Simpson, A. R., M.D., F.R.C.P.E., Professor of Midwifery in the University of Edinburgh, 
52 Queen Street 400 
* Sinclair, D, S., 328 Renfrew Street, Glasgow 
Skene, W. F., W.S., LL.D., D.C.L., Historiographer-Royal for Scotland, 27 Inverleith Row 
* Skinner, William, W.S., Town-Clerk of Edinburgh, 35 George Square 
* Smith, Adam Gillies, C.A. (Treasurer), 64 Princes Street 
Smith, C. Michie, B.Sc., Professor of Physical Science, Christian College, Madras, India 405 
* Smith, George, F.C.S., Polmont Station 
Smith, James Greig, M.A., M.B., 16 Victoria Square, Clifton 
* Smith, John, M.D., F.R.C.S.E., LL.D., President of the Medico-Chirurgical Society, 11 
Wemyss Place 
* Smith, Major-General Sir R. Murdoch, K.C.M.G., R.E., Director of Museum of Science and 
Art, Edinburgh 
* Smith, Rev. W. Robertson, M.A., LL.D., Professor of Arabic in the Univ. of Cambridge 410 
Smith, William Robert, M.D., D.Sc., Barrister-at-Law, Professor of Forensic Medicine in 
King’s College, 74 Great Russell Street, Bloomsbury Square, London 
Smyth, Piazzi, LL.D., Ex-Astronomer-Royal for Scotland, and Emeritus Professor of 
Astronomy in the University of Edinburgh, Clova, Ripon 
Sollas, W. J., M.A., D.Sc., F.R.S., late Fellow of St John’s College, Cambridge, and Pro- 
fessor of Geology and Mineralogy in the University of Dublin, Talbot House, Merrion 
Avenue, Blackrock, County Dublin 
* Somerville, William, Dr Oecec., B.Sc., of Comiston, Lecturer on Forestry in the University 
of Edinburgh, 1 Braid Crescent 
* Sorley, James, F.F.A., C.A., 18 Magdala Crescent 
* Sprague, T. B., M.A., Actuary, 29 Buckingham Terrace 
Stark, James, M.D., F.R.C.P.E., of Huntfield, Underwood, Bridge of Allan 
* Steggall, J. E. A., Prof. of Mathematics and Natural Phil. in University College, Dundee 
* Stevenson, C. A., B.Sc., Assoc. Memb. Inst. C.E., 45 Melville Street 
* Stevenson, David Alan, B.Sc., Memb. Inst. C.E., 45 Melville Street 
* Stevenson, James, F.R.G.S., 4 Woodside Crescent, Glasgow 
* Stevenson, Rev. John, LL.D., Minister of Glamis, Forfarshire 
Stevenson, John J., 4 Porchester Gardens, London 
* Stewart, Charles Hunter, M.B., B.Sc., 2 Bellevue Terrace 
Stewart, Major-General J. H. M. Shaw, R.E., F.R.G.S., 61 Lancaster Gate, London, W. 425 
* Stewart, James R., M.A., 10 Salisbury Road 
* Stewart, T. Grainger, M.D., F.R.C.P.E., Professor of the Practice of Physic in the 
University of Edinburgh, 19 Charlotte Square 
* Stewart, Walter, 22 Torphichen Street 
Stirling, Patrick J., LL.D., Kippendavie House, Dunblane 
* Stirling, William, D.Sc., M.D., Brackenbury Professor of Physiology and Histology in 
Owens College and Victoria University, Manchester 430 
* Stockman, Ralph, M.D., F.R.C.P.E., 5 Bellevue Crescent 


415 


420 


Stuart, Captain T. D., H.M.LS. 
8 F 


Pp. | 
P. 
P, 
P. | 
| 
| 
| 
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Date of 


Election.| 


1870 
1848 


1844 
1875 
1885 


1872 


1861 


1870 
1872 
1885 
1884 


1870 
1887 


1875 
1887 
1880 
1863 


1870 
1847 


1882 


1870 
1876 
1878 
1874 


1874 
1888 
1879 
1861 


1877 
1889 


1875 


K.P. 


LVS. 
K.P. 


N.P. 


N.P. 


* Swan, Patrick Don, Ex-Provost of Kirkcaldy 
Swan, Wm., LL.D., Emeritus Professor of Natural Philosophy in the University of St 
Andrews, Ardchapel, Helensburgh 
Swinton, A. Campbell, of Kimmerghame, LL.D., Duns 2 
* Syme, James, 9 Drumsheugh Gardens 
* Symington, Johnson, M.D., F.R.C.S.E., 2 Greenhill Park 


435 


Tait, the Very Rev. A., D.D., LL.D., Provost of Tuam, Moylough Rectory, County Galway, 
Ireland 
Tait, P. Guthrie, M.A., Professor of Natural Philosophy in the University of Edinburgh 
(GENERAL SEcrETARY), 38 George Square 
* Tatlock, Robert R., City Analyst’s Office, 156 Bath Street, Glasgow 
* Teape, Rev. Charles R., M.A., Ph.D., 15 Findhorn Place 
* Thompson, D’Arcy W., Professor of Natural History in University College, Dundee 
* Thoms, George Hunter, of Aberlemno, Advocate, Sheriff of the Counties of Orkney and 
Zetland, 13 Charlotte Square 
* Thomson, Rev. Andrew, D.D., 63 Northumberland Street 
* Thomson, Andrew, M.A., D.Sc., Assistant to the Professor of Chemistry in the University 
College, Dundee, 10 Comly Bank, Bridge End, Perth 445 
* Thomson, James, LL.D., F.R.S., 2 Florentine Gardens, Hillhead, Glasgow 
* Thomson, J. Arthur, M.A., Lect. on Zoology, School of Medicine, Edin., 30 Royal Circus 
Thomson, John Millar, King’s College, London 
Thomson, Murray, M.D., Professor of Chemistry, Thomason College, Roorkee, India, 22 
Victoria Road, Gipsy Hill, London, 8. E. 
* Thomson, Spencer C., Actuary, 10 Eglinton Crescent 450 
Thomson, Sir William, LL.D., D.C.L., F.R.S. (Presipent), Foreign Associate of the 
Institute of France, Regius Professor of Natural Philosophy in the University of 
Glasgow, Grand Officer of the Legion of Honour of France, and Member of the Prussian 
Order Pour le Mérite 
Thomson, Wm., M.A., B.Sc., Professor of Mathematics, Victoria College, Stellenbosch, Cape 
Colony 
* Thomson, Wm. Burns, F.R.C.P.E., F.R.C.S.E., 112 Newington Green Road, London 
Thomson, William, Royal Institution, Manchester _ 
Thorburn, Robert Macfie, Uddevalla, Sweden 455 
* Traquair, R. H., M.D., F.R.S., F.G.S., Pres. Royal Physical Soc., Keeper of the Natural His- 
tory Collections in the Museum of Science and Art, Edinburgh, 8 Dean Park Crescent 
* Tuke, J. Batty, M.D., F.R.C.P.E., 20 Charlotte Square 
* Turnbull, Andrew H., Actuary, The Elms, Whitehouse Loan 
* Turnbull, John, of Abbey St Bathans, W.S., 49 George Square 
Turner, Sir William, M.B., LL.D., F.R.C.S.E., F.R.S., Professor of Anatomy in the 
University of Edinburgh, and President of the Royal Physical Society (Szcrerary), 
6 Eton Terrace 460 


440 


* Underhill, Charles E., B.A., M.B., F.R.C.P.E., F.R.C.S.E., 8 Coates Crescent 
Underhill, T. Edgar, M.D., F.R.C.S.E., Broomsgrove, Worcestershire 


Vincent, Charles Wilson, F.I.C., F.C.S., M.R.L, Librarian of the Reform Club, Pall Mall, 
and Royal Institution, Albemarle Street, London 


"li 
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Date of 


Election. 


1888 
1873 
1886 
1883 
1870 
1866 
1866 
1862 
1887 
1873 
1882 
1887 
1881 
1883 


1887 
1879 
1868 


1888 
1879 


1878 
1875 


1882 
1834 
1889 


1870 
1881 
1886 
1884 
1864 


1887 
1882 
1882 


1882 


Walker, James, Memb. Inst. C.E., Engineer’s Office, Harbour Works, Douglas, Isle of Man 
* Walker, Robert, M.A., University, Aberdeen 465 
* Wallace, Robert, Prof. of Agriculture and Rural Economy in the University of Edinburgh 
* Watson, Charles, Redhall, Slateford 
* Watson, James, C.A., 45 Charlotte Square 
* Watson, John K., 14 Blackford Road 
* Watson, Patrick Heron, M.D., F.R.C.S.E., LL.D., 16 Charlotte Square 470 
Watson, Rev. Robert Boog, B.A., Free Church Manse, Cardross, Dumbartonshire 
* Webster, H. A., Librarian to University of Edinburgh, 7 Duddingstone Park, Portobello 
Welsh, David, Major-General, R.A., 1 Barton Terrace, Dawlish 
* Wenley, James A., Treasurer of the Bank of Scotland, 5 Drumsheugh Gardens 
* White, Arthur Silva, Secretary to the Royal Scottish Geographical Society, 22 Duke St. 475 
Whitehead, Walter, F.R.C.S.E., 202 Oxford Road, Manchester 
Wickham, R. H. B., M.D., F.R.C.S.E., Medical Superintendent, City and County Lunatic 
Asylum, Newcastle-on-Tyne, Dawlish, South Devon 
* Wieland, G. B., Whitehill, Rosewell, Mid-Lothian 
* Will, Jol.n Charles Ogilvie, M.D., 305 Union Street, Aberdeen 
* Williams, W., Principal and Professor of Veterinary Medicine and Surgery, New Veterinary 
College, Leith Walk 480 
* Williamson, George, F.A.S. Scot., 37 Newton Street, Finnart, Greenock 
* Wilson, Andrew, Ph.D., Lecturer on Zoology and Comparative Anatomy in the Edinburgh 
Medical School, 118 Gilmore Place 
* Wilson, Rev. John, M.A., 27 Buccleuch Place 
Wilson, Sir Daniel, LL.D., President of the University of Toronto, and Professor of English 
Literature in that University | 
Wilson, George, M.A., M.D., 23 Claremont Road, Leamington 485 
Wilson, Isaac, M.D. 
Wilson, Robert, Memb. Inst. C.E., St Stephen’s Club, and 7 Wertminster Chambers, 
Victoria Street, London 
Winzer, John, Chief Surveyor, Civil Service, Ceylon, 7 Dryden Place, Newington 
* Wise, Thos. Alex., M.D., F.R.C.1.., F.R.A.S., Thornton, the Beulah, Upper Norwood 
* Woodhead, German Sims, M.D., F.R.C.P.E., 6 Marchhall Crescent 490 
Woods, G. A., M.R.C.S., Lansdowne, 36 Hoghton Street, Southport 
Wyld, Robert S., LL.D., 19 Inverleith Row 


* Yeo, John S., Carrington House, Fettes College 

* Young, Andrew, F.G.S., 22 Elm Row 

* Young, Frank W., F.C.S., Lecturer on Natural Science, High School, Dundee, Woodmuir 
Park, West Newport, Fife 3 495 

* Young, Thomas Graham, Westfield, West Calder 


| 
| 
| 
| 
| 
P. 
| 
| 
| 
| 
| | 
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LIST OF HONORARY FELLOWS 


AT NOVEMBER 1889. 
His Royal Highness The Prince oF WALES. 


FOREIGNERS (LIMITED TO THIRTY-SIX BY LAW X.). 


Elected 

1884 Pierre J. van Beneden, Louvain. 
1889 Marcellin Pierre Eugéne Berthelot, Paris. 
1864 Robert Wilhelm Bunsen, Heidelberg. 
1877 Alphonse de Candolle, Geneva. 
1883 Luigi Cremona, Rome. 
1889 Ernst Curtius, Berlin. 


1858 James D. Dana, 


1877 Carl Gegenbaur, Heidelberg. 
1888 Ernst Haeckel, Jena. 
1883 Julius Hann, Vienna. 
1884 Charles Hermite, Paris. 


1864 Hermann Ludwig Ferdinand von Helmholtz, Berlin. 


1879 Jules Janssen, Paris. 

1875 August Kekulé, Bonn. 

1864 Albert Kolliker, Wiirzburg. 
1875 Ernst Eduard Kummer, Berlin. 

1876 Ferdinand de Lesseps, Paris. 

1864 Rudolph Leuckart, Leipzig. 
1881 Sven Lovén, Stockholm, 
1889 James Russell Lowell, Cambridge, U.S. 
1888 Demetrius Ivanovich Mendeléef, St Petersburg. 
1886 Alphonse Milne-Edwards, Paris. 

1864 Theodore Mommsen, _ Berlin. 

1881 Simon Newcomb, Washington. 
1886 H. A. Newton, Yale College. 
1874 Louis Pasteur, Paris. 

1886 Alphonse Renard, Gand. 

1889 Georg Hermann Quincke, Heidelberg. 
1881 Johannes Iapetus Smith Steenstrup, Copenhagen. 
1878 Otto Wilhelm Struve, Pulkowa. 
1886 Tobias Robert Thalén, Upsala. 
1874 Otto Torell, Lund. 

1868 Rudolph Virchow, Berlin, 

1874 Wilhelm Eduard Weber, Gottingen. 


Total, 34. 


New Haven, Conn. 
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~~ BRITISH SUBJECTS (LIMITED TO TWENTY BY LAW X.). 
ec 


1849 John Couch Adams, LL.D., F.R.S., Corresp. Mem. Inst. of France, Cambridge. 
1835 Sir George Biddell Airy, K.C.B., LL.D., D.C.L., F.R.S., Foreign 

Associate Inst. of France, Greenwich. 
1889 Ball, Sir Robert Stawell, Kt., LL.D., M.R.LA., Professor of 

Astronomy in the University of Dublin, and Royal Astronomer 


for Ireland, Dublin. 
1865 Arthur Cayley, LL.D., D.C.L., F.R.S., Corresp. Memb. Inst. of 

France, Cambridge. 
1884 Edward Frankland, D.C.L., LL.D., F.R.S., Corresp. Mem. Inst. of 

France, London. 
1874 John Anthony Froude, LL.D., London. 
1881 The Hon. Justice Sir William Robert Grove, LL.D., D.C.L., 

F.R.S., London. 
1883 Sir Joseph Dalton Hooker, K.C.S.1., M.D., LL.D., D.C.L., F.R.S., 

Corresp. Mem. Inst. of France, London. 
1884 William Huggins, LL.D., D.C.L., F.R.S., Corresp. Mem. Inst. of 

| France, London. 

1876 Thomas Henry Huxley, LL.D., D.C.L., F.R.S., Corresp. Mem. 

Inst. of France, London. 
1845 Sir Richard Owen, K.C.B., M.D., LL.D., D.C.L., F.R.S., Foreign 

Associate Inst. of France, London. 
1886 The Lord Rayleigh, D.C.L., LL.D., Sec. R.S., Corresp. Mem. 

Inst. of France, London. 
1881 The Rev. George Salmon, D.D., LL.D., D.C.L., F.R.S., Corresp. 

Mem. Inst. of France, Dublin. 
1884 J. S. Burdon Sanderson, M.D., LL.D., F.R.S., Oxford. 
1864 Sir George Gabriel Stokes, Bart., M.P., LL.D., D.C.L., Pres. R.S., 

Corresp. Mem. Inst. of France, Cambridge. 
1874 James Joseph Sylvester, LL.D., F.R.S., Corresp. Mem. Inst, 

of France, Oxford. 
1864 The Right Hon. Lord Tennyson, D.C.L., LL.D., F.R.S., Poet 

Laureate, Isle of Wight, 
1883 Alexander William Williamson, LL.D., F.R.S., Corresp. Mem. Inst. 

of France, London. 
1883 Colonel Henry Yule, C.B., LL.D., London. 


Total, 19. 


| 

| 

| 

| 


1120 LIST OF MEMBERS ELECTED. 


ORDINARY FELLOWS ELECTED 
Durinc Session 1887-88, 


ARRANGED ACCORDING TO THE DATE OF THEIR ELECTION. 


5th December 1887. 


D. A. D. Letra Napigsr, M.D., C.M. 
ALEXANDER GALT, B.Sc., F.C.S. 


16th January 1888. 


Joun Norman Couuis, Ph.D., F.C.S. Principal Grant M.A., B.Sc. 
R. E. Auuarpice, M.A. D. F. Lows, M.A. 
Hunter Stewart, M.B., B.Sc. 


6th February 1888. 
James MacTxgar, F.C.S. W. H. Perkin, Ph.D. 
JoHn M‘ARTHOUR. H. N. Dickson. 
CHARLES A. Fawsitr. Davip Prat. 
Brook, F.L.S. GEORGE MUIRHEAD. 


CatTuoart W. Meruven, M. Inst. C.E. 


5th March 1888. 


James DurnaM, F.G.S. Professor Tuomas Hupson Bears, B.Sc., Assoc. 
James B.A., LL.M., F.C.S. M. Inst. C.E. 
Rev. JoHN STEVENSON. Anprew Tournsutt, Actuary. 

Henry Brovcuam Guppy, M.B. JoHn ALFRED Jongs, M. Inst. C.E. 


Professor Joun Frerouson, M.A., LL.D. 


2nd April 1888. 
Rev. THomas Burns, F.S.A. Scot. R. Minne Murray, M.A., M.B., F.R.C.P.E. 
A. Bryson. JoHN M‘Fapyran, M.B., B.Sc. 


7th May 1888. 


Joun Scort, C.B. Maacnus Mactiean, M.A. 
MarsHa.t, B.Sc. D. Berry Hart, M.D., F.R.C.P.E. 
James Waker, M. Inst. C.E. 


4th June 1888. 
GrorcE WILLiaMsoN, F.A.S. Scot. C. M. Arxman, M.A., B.Sc., F.L.C., F.C.S. 


2nd July 1888. 
W. Ivison Macapam. JamEs OuipHant, M.A. 
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ORDINARY FELLOWS DECEASED. 


Colonel Ba.rour of Balfour and Trenabie. R. M. Sira. 


Ropert CHAMBERS. Ph.D. 
Professor ALEXANDER Dickson. Auutan A. M. Wetwoop, LL.D. 
Drew, M.D. Cuaries Epwarp Witson, LL.D 


Professor JoHn WILson. 


RESIGNED. 
Joun W. CapsTIcK. RosBert TENNENT. 
Tuomas Harvey, LL.D. Peter WADDELL. 


HONORARY FELLOWS DECEASED. 
Sgssion 1887-88. 


FOREIGN. | 
RupDouF CLAUSIUS. Asa GRay. J. N. Mapvie. 


BRITISH. 


Professor BaLFouR STEWART. 
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ORDINARY FELLOWS ELECTED 
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ARRANGED ACCORDING TO THE DATE OF THEIR ELECTION. 


3rd December 1888. 
B.Sc. Davin Patrick, M.A. 
ALEXANDER James, M.D. A. H. F. Barsour, M.D. 
Stockman, M.D. A. Cricuton B.Sc. 


7th January 1889. 


JaMES DatRyMPLE Duncan, F.S.A. Scot. 


4th March 1889. 


BovErRTON REDWOOD. 7 Rev. James Linpsay, M.A., B.D., B.Sc., F.G.S. 
lst April 1889. 
Joun Autson, M.A. R. W. M.D., M.A., F.R.C.P.E. 


T. Epcar M.D., F.R.C.S.E. 


6th May 1889. 
Morse Graity Hewirt, M.D., F.R.C.P. 


3rd June 1889. 

Grorce H. Geppses, C.E. Ropert Witson, Memb. Inst. C.E. 

WiuiaM Peck, F.R.A.S. Rev. Ropert Munro, M.A., B.D., F.S.A. Scot. 
lst July 1889. 


Professor T. D. Barry, F.Z.S.,F.C.S. Anprew E. Scoueat, M.A. 


he 
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JoHN Freperic LatroBe Bateman, Wituram Dickson. 


Memb. Inst. C.E., F.R.S. Sir James Fatsnaw, Bart., Assoc. Inst. 
JOSEPH JAMES COLEMAN. C.E. 
CHARLES Cowan of Westerlea. T. H. Cocxsurn Hoop, F.G.S. 
JamMEs DALMAHOY. Miter, §.S.C. 
Henry Davivson of Muirhouse. Prof. Sir James Roperton, LL.D. 
Epmunp Ronatps, LL.D. 


RESIGNED. 
Rev. F. E. Betcomsr. MacDouGauL, Memb. Inst. C.E. 
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James Prescotr JOuLE. 
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| By the Charter of the Society (printed in the Transactions, Vol. VI. p. 5), the Laws cannot 
be altered, except at a Meeting held one month after that at which the Motion for 
alteration shall have been proposed. | 


I 


THE ROYAL SOCIETY OF EDINBURGH shall consist of Ordinary and 
Honorary Fellows. 


IT. 


Every Ordinary Fellow, within three months after his election, shall pay Two 
Guineas as the fee of admission, and Three Guineas as his contribution for the 
Session in which he has been elected ; and annually at the commencement of every 
Session, Three Guineas into the hands of the Treasurer. This annual contribution 
shall continue for ten years after his admission, and it shall be limited to Two 
Guineas for fifteen years thereafter.* 


IIT. 


All Fellows who shall have paid Twenty-five years’ annual contribution shall 
be exempted from further payment. 


IV. 

The fees of admission of an Ordinary Non-Resident Fellow shall be £26, 5s., 
payable on his admission ; and in case of any Non-Resident Fellow coming to 
reside at any time in Scotland, he shall, during each year of his residence, pay 
the usual annual contribution of £3, 3s., payable by each Resident Fellow ; but 


Title. 


The fees of Ordin- 
ary Fellows residing 
in Scotland. 


Payment to cease 
after 25 years. 


Fees of Non-Resi- 
dent Ordinary 
Fellows. 


after payment of such annual contribution for eight years, he shall be exempt 


* A modification of this rule, in certain cases, was agreed to at a Meeting of the Society held on 
the 3rd January 1831. 

At the Meeting of the Society, on the 5th January 1857, when the reduction of the Contribu- 
tions from £3, 3s. to £2, 2s., from the 11th to the 25th year of membership, was adopted, it was 
resolved that the existing Members shall share in this reduction, so far as regards their future annual 
Contributions. 


| 

| 

| 

LAWS. 


Case of Fellows 
becoming Non- 
Resident. 


Defaulters. 


Privil of 
Follows: 


Numbers Un- 
limited. 


Fellows entitled to 
Transactions. 


Mode of Recom- 
mending Ordinary 
Fellows. 
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from any further payment. In the case of any Resident Fellow ceasing to reside 
in Scotland, and wishing to continue a Fellow of the Society, it shall be in the 
power of the Council to determine on what terms, in the circumstances of each 
case, the privilege of remaining a Fellow of the Society shall be continued to 
such Fellow while out of Scotland. 


¥s 


Members failing to pay their contributions for three successive years (due 
application having been made to them by the Treasurer) shall be reported to 
the Council, and, if they see fit, shall be declared from that period to be no 
longer Fellows, and the legal means for recovering such arrears shall be 
employed. 


>) 


None but Ordinary Fellows shall bear any office in the Society, or vote in 
the choice of Fellows or Office-Bearers, or interfere in the patrimonial interests 
of the Society. 


VIl. 
The number of Ordinary Fellows shall be unlimited. 


VIII. 


The Ordinary Fellows, upon producing an order from the TREASURER, shall 
be entitled to receive from the Publisher, gratis, the Parts of the Society’s 
Transactions which shall be published subsequent to their admission. 


IX. 


Candidates for admission as Ordinary Fellows shall make an application in 
writing, and shall produce along with it a certificate of recommendation to the 
purport below,* signed by at least four Ordinary Fellows, two of whom shall 
certify their recommendation from personal knowledge. This recommendation 
shall be delivered to the Secretary, and by him laid before the Council, and 
shall afterwards be printed in the circulars for three Ordinary Meetings of 


the Society, previous to the day of election, and shall lie upon the table during 
that time. 


* “A. B., a gentleman well versed in Science (or Polite Literature, as the case may be), being 
“to our knowledge desirous of becoming a Fellow of the Royal Society of Edinburgh, we hereby 
“ recommend him as deserving of that honour, and as likely to prove a useful and valuable Member.” 
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X. 


Honorary Fellows shall not be subject to any contribution. This class shall 
consist of persons eminently distinguished for science or literature. Its number 
shall not exceed Fifty-six, of whom Twenty may be British subjects, and Thirty- 
six may be subjects of foreign states. 


XI. 


Personages of Royal Blood may be elected Honorary ee without regard 
to the limitation of numbers specified in Law X. 


XITL. 


Honorary Fellows may be proposed by the Council, or by a recommenda- 
tion (in the form given below”) subscribed by three Ordinary Fellows ; and in 
case the Council shall decline to bring this recommendation before the Society, 
it shall be competent for the proposers to bring the same before a General 
Meeting. The election shall be by ballot, after the proposal has been commu- 
nicated viva voce from the Chair at one meeting, and printed in the circulars 
for two ordinary meetings of the Society, previous to the day of election. 


XITL. 


The election of Ordinary Fellows shall only take place at the first Ordinary 
Meeting of each month during the Session. The election shall be by ballot, 
and shall be determined by a majority of at least two-thirds of the votes, pro- 
vided Twenty-four Fellows be present and vote. 


XIV. 


The Ordinary Meetings shall be held on the first and third Mondays of 
every month from December to July inclusively ; excepting when there are 
five Mondays in January, in which case the Meetings for that month shall 
be held on its third and fifth Mondays. Regular Minutes shall be kept of 
the proceedings, and the Secretaries shall do the duty alternately, or 
according to such agreement as they may find it convenient to make. 


* We hereby 
for the distinction of being made ¢ an Honorary Fellow of this Society, declaring that each of us from 
our own knowledge of his services to (Literature or Science, as the case may be) believe him to be 
worthy of that honour. 

(To be signed by three Ordinary Fellows.) 


To the President and Council of the Royal Society 
of Edinburgh. 


Honorary Fellows, 
British and 
Foreign. 


Royal Personages. 


Recommendation 
of Honorary 
Fellows. 


Mode of Election. 


Election of Ordi- 
nary Fellows. 


Ordinary Meet- 


| 
| 
| 
| 


The Transactions. 


How Published. 


The Council. 


Retiring Council- 
lors. 


Election of Office- 
Bearers. 


Special Meetings ; 
called. 


Treasurer’s Duties. 
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XV. 


The Society shall from time to time publish its Transactions and Proceed- 
ings. For this purpose the Council shall select and arrange the papers which 
they shall deem it expedient to publish in the Transactions of the Society, and 
shall superintend the printing of the same. 

The Council shall have power to regulate the private business of the Society. 
At any Meeting of the Council the Chairman shall have a casting as well as a 
deliberative vote. 


XVI. 


The Transactions shall be published in parts or Fasciculi at the close of 
each Session, and the expense shall be defrayed by the Society. 


XVII. 


That there shall be formed a Council, consisting—First, of such gentlemen 
as may have filled the office of President ; and Secondly, of the following to be 
annually elected, viz.:—a President, Six Vice-Presidents (two at least of whom 
shall be resident), Twelve Ordinary Fellows as Councillors, a General Secretary, 
Two Secretaries to the Ordinary Meetings, a Treasurer, and a Curator of the 
Museum and Library. 


Four Councillors shall go out annually, to be taken according to the order 
in which they stand on the list of the Council. 


XIX. 


An Extraordinary Meeting for the Election of Oftice-Bearers shall be held 
on the fourth Monday of November annually. 


XX. 


Special Meetings of the Society may be called by the Secretary, by direction 
of the Council; or on a requisition signed by six or more Ordinary Fellows. 
Notice of not less than two days must be given of such Meetings. 


XXI. 


The Treasurer shall receive and disburse the money belonging to the Society, 
granting the necessary receipts, and collecting the money when due. 

He shall keep regular accounts of all the cash received and expended, which 
shall be made up and balanced annually ; and at the Extraordinary Meeting in 
November, he shall present the accounts for the preceding year, duly audited. 
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At this Meeting, the Treasurer shall also lay before the Council a list of all 
arrears due above two years, and the Council shall thereupon give such direc- 
tions as they may deem necessary for recovery thereof. 


XXII. 


At the Extraordinary Meeting in November, a professional accountant shall Auditor. 
be chosen to audit the Treasurer’s accounts for that year, and to give the neces- 
sary discharge of his intromissions. 


XXIII. 


The General Secretary shall keep Minutes of the Extraordinary Meetings of General Secretary's 
the Society, and of the Meetings of the Council, in two distinct books. He — 
shall, under the direction of the Council, conduct the correspondence of the 
Society, and superintend its publications. For these purposes he shall, when 
necessary, employ a clerk, to be paid by the Society. 


XXIV. 


The Secretaries to the Ordinary Meetings shall keep a regular Minute-book, Secretaries to _ 
in which a full account of the proceedings of these Meetings shall be entered ; ala 
they shall specify all the Donations received, and furnish a list of them, and of 
the Donors’ names, to the Curator of the Library and Museum ; they shall like- ° 
wise furnish the Treasurer with notes of all admissions of Ordinary Fellows. 
They shall assist the General Secretary in superintending the publications, and 
in his absence shall take his duty. 


XXV. 
The Curator of the Museum and Library shall have the custody and charge Curator of Museum 
of all the Books, Manuscripts, objects of Natural History, Scientific Produc- “ ee 
tions, and other articles of a similar description belonging to the Society ; he 


shall take an account of these when received, and keep a regular catalogue of 
the whole, which shall lie in the Hall, for the inspection of the Fellows. 


XXVI. 


All Articles of the above description shall be open to the inspection of the Use of Museum 
Fellows at the Hall of the Society, at such times and under such regulations, a 
as the Council from time to time shall appoint. | 


XXVIII. 


A Register shall be kept, in which the names of the Fellows shall be Register Book. 
enrolled at their admission, with the date. 
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THE KEITH, MAKDOUGALL-BRISBANE, NEILL, AND 
VICTORIA JUBILEE PRIZES. 


The above Prizes will be awarded by the Council in the following manner :— 


I. KEITH PRIZE. 


The KeitH PRIZE, consisting of a Gold Medal and from £40 to £50 in 
Money, will be awarded in the Session 1889-90 for the “ best communication 
on a scientific subject, communicated, in the first instance, to the Royal Society 
during the Sessions 1887-88 and 1888-89.” Preference will be given to a 
paper containing a discovery. 


Il. MAKDOUGALL-BRISBANE PRIZE. 


This Prize is to be awarded biennially by the Council of the Royal Society 
of Edinburgh to such person, for such purposes, for such objects, and in such 
manner as shall appear to them the most conducive to the promotion of the 
interests of science ; with the proviso that the Council shall not be compelled 
to award the Prize unless there shall be some individual engaged in scientific 
pursuit, or some paper written on a scientific subject, or some discovery in 
science made during the biennial period, of sufficient merit or importance in 
the opinion of the Council to be entitled to the Prize. 


1. The Prize, consisting of a Gold Medal and a sum of Money, will be 
awarded at the commencement of the Session 1890-91, for an Essay or Paper 


having reference to any branch of scientific inquiry, whether Material or 
Mental. 


2. Competing Essays to be addressed to the Secretary of the Society. and 
transmitted not later than Ist June 1890. 


3. The Competition is open to all men of science. 
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4. The Essays may be either anonymous or otherwise. In the former case, 
they must be distinguished by mottoes, with corresponding sealed billets, super- 
scribed with the same motto, and containing the name of the Author. 


5. The Council impose no restriction as to the length of the Essays, which 
may be, at the discretion of the Council, read at the Ordinary Meetings of the 
Society. They wish also to leave the property and free disposal of the manu- 
scripts to the Authors; a copy, however, being deposited in the Archives of 
the Society, unless the paper shall be published in the Transactions. 


6. In awarding the Prize, the Council will also take into consideration 
any scientific papers presented to the Society during the Sessions 1888-89, 
1889-90, whether they may have been given in with a view to the prize or not. 


III. NEILL PRIZE. 


The Council of the Royal Society of Edinburgh having received the bequest 
of the late Dr Patrick NEILL of the sum of £500, for the purpose of “ the 
interest thereof being applied in furnishing a Medal or other reward every 
second or third year to any distinguished Scottish Naturalist, according as such 
Medal or reward shall be voted by the Council of the said Society,” hereby 
intimate, | 


1. The NEILL PRIZE, consisting of a Gold Medal and a sum of Money, will 
be awarded during the Session 1889-90. 


2. The Prize will be given for a Paper of distinguished merit, on a subject 
of Natural History, by a Scottish Naturalist, which shall have been presented 
to the Society during the three years preceding the 1st May 1889,—or failing 
presentation of a paper sufficiently meritorious, it will be awarded for a work 
or publication by some distinguished Scottish Naturalist, on some branch of 
Natural History, bearing date within five years of the time of award. 


SI. VICTORIA JUBILEE PRIZE. 


This Prize, founded in the year 1887 by Dr R. H. GuNNING, is to be awarded 
triennially by the Council of the Royal Society of Edinburgh, in recognition of 
original work in Physics, Chemistry, or Pure or Applied Mathematics. 
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Evidence of such work may be afforded either by a Paper presented to the 
Society, or by a Paper on one of the above subjects, or some discovery in them 
elsewhere communicated or made, which the Council may consider to be 
deserving of the Prize. 


The Prize is open to men of science resident in or connected with Scotland. 


The first award shall be in the year 1887, and shall consist of a sum of 
money. In accordance with the wish of the Donor, the Council of the Society 
may on fit occasions award the Prize for work of a definite kind to be under- 
taken during the three succeeding years by a scientific man of recognised 
ability. 
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AWARDS OF THE KEITH, MAKDOUGALL-BRISBANE, NEILL, AND 
VICTORIA JUBILEE PRIZES, FROM 1827 TO 1888. 


KEITH PRIZE. 


Ist Brenniat Periop, 1827-29.—Dr Brewster, for his papers “on his Discovery of Two New Immis- 
cible Fluids in the Cavities of certain Minerals,” published in 
the Transactions of the Society. 


2xp Brenniat Periop, 1829-31.—Dr Brewster, for his paper a New Analysis of Solar 
Light,” published in the Transactions of the Society. 


BrenniaL Periop, Granaw, Esq., for his paper “ on the Law of the Diffusion 
of Gases,” published in the Transactions of the Society. 


4TH Brenniat Periop, 1833-35.—Professor J. D. Forses, for his paper “ on the Refraction and Polari- 
zation of Heat,” published in the Transactions of the Society. 


5TH Brenniat Periop, 1835-37.—Jonn Soorr Russext, Esq.,for his Researches “on Hydrodynamics,” 
published in the Transactions of the Society. 


6TH Brenniat Periop, 1837-39.—Mr Joun Snaw, for his experiments “on the Development and 
Growth of the Salmon,” published in the Transactions of the 
Society. 

7TH Bienntat Periop, 1839—41.—Not awarded. 

8TH BIENNIAL PERIOD, 1841—43.—Professor James Davin Forses, for his papers “on Glaciers,” 
published in the Proceedings of the Society. 


BIENNIAL Periop, 1843-—45.—Not awarded. 


10TH Brenniat Periop, 1845-47.—General Sir Toomas Brispane, Bart., for the Makerstoun Observa- 
tions on Magnetic Phenomena, made at his expense, and 
published in the Transactions of the Society. 


llta Brenniat Periop, 1847—49.—Not awarded. 


121TH BienniaL Periop, 1849-51.—Professor Ke.ianp, for his papers “on General Differentiation, 
including his more recent communication on a process of the 
Differential Calculus, and its application to the solution of | 
certain Differential Equations,” published in the Transactions 
of the Society. 


Brenniat Person, 1851-53.—W. J. Macquorn Rankine, Esq., for his series of papers “‘ on the 
Mechanical Action of Heat,” published in the Transactions 
of the Society. 


147ra Brenntat Periop, 1853-55.—Dr Toomas Anperson, for his papers “on the Crystalline Con- 
stituents of Opium, and on the Products of the Destructive 
Distillation of Animal Substances,” published in the Trans- 
actions of the Society. 

15Tta Brenniat Periop, 1855-—57.—Professor Boots, for his Memoir “on the Application of the Theory 


of Probabilities to Questions of the Combination of Testimonies 
and Judgments,” published in the Transactions of the Society. 


16TH Periop, 1857-—59.—Not awarded. 


17TH Brenntat Pertop, 1859-61.—JoHn Broun, Esq., F.R.S., Director of the Trevandrum 
Observatory, for his papers “on the Horizontal Force of the 
Earth’s Magnetism, on the Correction of the Bifilar Magnet. 
ometer, and on Terrestrial Magnetism generally,” published in 
the Transactions of the Society. 
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18TH Brenniat Periop, 1861—63.—Professor THomson, of the University of Glasgow, for his 
Communication “on some Kinematical and Dynamical 
Theorems.” 

Brenniat Periop, 1863—65.—Principal Fores, St Andrews, for his “Experimental Inquiry into 
the Laws of Conduction of Heat in Iron Bars,’ published in 
the Transactions of the Society. 

20TH Brenniat Periop, 1865-67.—Professor C. Piazz1 Smyta, for his paper “on Recent Measures at 
the Great Pyramid,” published in the Transactions of the 
Society. 

21st Brenniat Periop, 1867—69.-—Professor P. G. Tart, for his paper “on the Rotation of a Rigid 
Body about a Fixed Point,” published in the Transactions of 
the Society. 

22np BrenniaL Periop, 1869-—71.—Professor Crerk Maxwett, for his paper “ on Figures, Frames, 
and Diagrams of Forces,” published in the Transactions of the 
Society. 

23xp BienniaL Periop, 1871-—73.—Professor P. G. Tait, for his paper entitled “ First Approximation 
to a Thermo-electric Diagram,” published in the Transactions 
of the Society. 

247TH Brenniat Periop, 1873-75.—Professor Crum Brown, for his Researches “‘ on the Sense of Rota- 
tion, and on the Anatomical Relations of the Semicircular 
Canals of the Internal Ear.” 

BIENNIAL PeRiopD, 1875-77.—Professor M. Forster for his papers “on the Rhom- 
bohedral Carbonates,” and “on the Felspars of Scotland,” 
published in the Transactions of the Society. 

26TH Brenniat Periop, 1877-79.—Professor H. C, Fieemine Jenkin, for his paper “on the Appli- 
cation of Graphic Methods to the Determination of the Effi- 
ciency of Machinery,” published in the Transactions of the 
Society; Part II. having appeared in the volume for 1877-78. . 

277TH BrenniaL Periop, 1879-—81.—Professor Grorce Curystat, for his paper “on the Differential 
Telephone,” published in the Transactions of the Society. 

287TH Brenniat Periop, 1881—83.—Tuomas Muir, Esq., LL.D., for his “ Researches into the Theory 
of Determinants and Continued Fractions,” published in the 
Proceedings of the Society. 

297TH Brexnniat Periop, 1883-85.—Joun Arrtken, Esq., for his paper “on the Formation of Small 
Clear Spaces in Dusty Air,” and for previous papers on 
Atmospheric Phenomena, published in the Transactions of 
the Society. 

30TH BienniaL Pertop, 1885-87.—Joun Youne Bucuanan, Esq., for a series of communications, 
extending over several years, on subjects connected with 
Ocean Circulation, Compressibility of Glass, &c.; two of 
which, viz., “On Ice and Brines,” and “ On the Distribution 


of Temperature in the Antarctic Ocean,” have been published 
in the Proceedings of the Society. 


Il. MAKDOUGALL-BRISBANE PRIZE. 


Ist Periop, 1859.—Sir Roperick Impry Murcuison, on account of his Contributions to 
the Geology of Scotland. 
2np Brenniat Periop, 1860—62.—Wituiam Setter, M.D., F.R.C.P.E., for his ‘‘ Memoir of the Life 


and Writings of Dr Robert Whytt,” published in the Trans- 
- actions of the Society. 


| 
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Brenniat Periop, 1862--64.—Jonn Denis Macponap, Esq., R.N., F.R.S., Surgeon of H.M.S. 
“Tcarus,” for his paper “on the Representative Relationships 
of the Fixed and Free Tunicata, regarded as Two Sub-classes 
of equivalent value; with some General Remarks on their 
Morphology,” published in the Transactions of the Society. 

4TH BrenniaL Periop, 1864—66.—Not awarded, 


5TH Brenntat Periop, 1866-68.—Dr Atexanper Crum Brown and Dr Tuomas Ricnarp Fraser, 
| for their conjoint paper “on the Connection between 
Chemical Constitution and Physiological Action,” published 

in the Transactions of the Society. : 


6TH BrenniaL Periop, 1868—70.—Not awarded. 


7TH Brenniat Periop, 1870—72.—Groraz James Atuman, M.D., F.R.S., Emeritus Professor of 
Natural History, for his paper “ on the Homological Relations 
of the Celenterata,” published in the Transactions, which 
forms a leading chapter of his Monograph of Gymnoblastic 
or Tubularian Hydroids—since published. 


8tH Bienniat Periop, 1872—74.—Professor Lister, for his paper “‘on the Germ Theory of Putre- 


faction and the Fermentive Changes,” communicated to the 
Society, 7th April 1873. 


9TH Bienntat Periop, Bucnan, A.M., for his paper “on the Diurnal 
Oscillation of the Barometer,” published in the Transactions 
of the Society. 


10TH Brenniat Periop, 1876—78.—Professor ArcHIBALD GeEIKIE, for his paper “on the Old Red 
Sandstone of Western Europe,” published in the Transactions 
of the Society. 

lita Brenniat Pertop, 1878—80.—Professor Piazzi1 Smytu, Astronomer-Royal for Scotland, for his 
paper “fon the Solar Spectrum in 1877-78, with some 
Practical Idea of its probable Temperature of Origination,” 
published in the Transactions of the Society. 


127TH Brenniat Periop, 1880-—82.— Professor James for his “Contributions to the Geology of 
the North-West of Europe,” including his paper “on the 
Geology of the Faroes,” published in the Transactions of the 
Society. 


Brenniat Periop, 1882-84.—Epwarp Sane, Esq., LL.D., for his paper “on the Need of 
Decimal Subdivisions in Astronomy and Navigation, and on 
Tables requisite therefor,” and generally for his Recalculation 
of Logarithms both of Numbers and Trigonometrical Ratios, 
—the former communication being published in the Pro- 

ceedings of the Society. 

14rn Brenniat Perrop, 1884-86.—Jonn Murray, Esq., LL.D., for his. papers “On the Drainage 
Areas of Continents, and Ocean Deposits,” “The Rainfall of 
the Globe, and Discharge of Rivers,” “ ‘The Height of the Land 
and Depth of the Ocean,” and “The Distribution of Tem- 
perature in the Scottish Lochs as affected by the Wind.” 


Bienniat Periop, Esq., LL.D., for numerous communications, 
especially that entitled “ History of Volcanic Action during 
the Tertiary Period in the Briish Isles,” published in the 
Transactions of the Society. 
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Ill. THE NEILL PRIZE. 


Ist TrienniaL Periop, 1856-59.—Dr W. Lauper Linpsay, for his paper “ on the Spermogones and 
Pycnides of Filamentous, Fruticulose, and Foliaceous Lichens,” 
published in the Transactions of the Society. 

2nv TRIENNIAL Periop, 1859—62.—Rosert Kays Grevitte, LL.D., for his Contributions to Scottish 
Natural History, more especially in the department of Cryp- 
togamic Botany, including his recent papers on Diatomacee. 

3rp TrieNNIAL Periop, 1862-—65.—Anprew Crombie Ramsay, F.R.S., Professor of Geology in the 
Government School of Mines, and Local Director of the 
Geological Survey of Great Britain, for his various works and 
Memoirs published during the last five years, in which he 
has applied the large experience acquired by him in the 
Direction of the arduous work of the Geographical Survey of 
Great Britain to the elucidation of important questions bear- 
ing on Geological Science. 

47H TRIENNIAL Periop, 1865-—68.—Dr M‘Intosu, for his paper “on the Struc- 
ture of the British Nemerteans, and on some New British 
Annelids,” published in the Transactions of the Society. 

TRIENNIAL Periop, 1868-—71.—Professor Turner, for his papers “on the great Finner 
Whale ; and on the Gravid Uterus, and the Arrangement of 
the Fetal Membranes in the Cetacea,” published in the 
Transactions of the Society. 

6TH TRIENNIAL Periop, WILL1aM Praca, for his Contributions to Scottish Zoology 
and Geology, and for his recent contributions to Fossil Botany. 

71H TRIENNIAL Periop, 1874—77.—Dr Ramsay H. Traquarr, for his paper “ on the Structure and 
Affinities of Tristichopterus alatus (Egerton), published in 
the Transactions of the Society, and also for his contributions 
to the Knowledge of the Structure of Recent and Fossil Fishes. 

8TH TRIENNIAL Periop, 1877-80.—JoHun Murray, for his paper “on the Structure and Origin of 
Coral Reefs and Islands,” published (in abstract) in the 
Proceedings of the Society. 

97TH TRIENNIAL Periop, 1880—83.—Professor Herpman, for his papers “‘ on the Tunicata,” published 

in the Proceedings and Transactions of the Society. 


TrienniaL Periop, 1883—-86.—Bb. N. Peacu, Esq., for his Contributions to the Geology and 


Palaeontology of Scotland, published in the Transactions of 
the Society. 


IV. VICTORIA JUBILEE PRIZE. 


Ist TRIENNIAL Periop, 1884-—87.—Sir Witu1am Tuomson, Pres. R.S.E., F.R.S., for a remarkable 


series of papers “on Hydrokinetics,” especially on Waves 
and Vortices, which have been communicated to the Society. 
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STATUTORY MEETING. 


HUNDRED AND FIFTH SESSION. 


Monday, 28th November 1887. 


At a General Statutory Meeting, 


Sir WILLIAM THOMSON in the Chair. 


The Minutes of last General Statutory Meeting of 22nd November 1886 were read 
approved, and signed. 


The Secretary read a letter of apology for absence from Professor M‘INTOSH. 


On the motion of Dr Buchan, the Lorp Provost and Mr ANDREW YOUNG were named 
Scrutineers of the Balloting Lists. They reported that the ate. J Council had been 
unanimously elected 


Sir Toomson, LL.D., F.R.S., President. 
Davip Mune Home, LL.D., 

Joun Mouraay, Ph.D., 

Professor Sir Douetas MaoLaGan, 

The Hon. Lord 

The Rev. Professor Furnt, D.D., 
Professor CHRYSTAL, 

Professor Tart, M.A., General Secretary. 
Professor Sir Wm. Turner, F.R.S., 
Professor Crum Brown, F.R.S., Secretaries to Ordinary Meetings. 
Apam Gites Smith, Esq., C.A., Treasurer. 

ALEXANDER Bucuan, Esq., M.A., LL.D., Curator of Library and Museum. 


Vice-Presidents. 


COUNCILLORS. 
Professor Butcuer, M.A. Rosert M. Frereuson, Esq., Ph.D. 
Professor M‘Kenprick, F.R.S. A. Forses Irving, Esq. of Drum, LL.D. 
Tuomas Muir, Esq., M.A., LL.D. Dr J. Barry Tuxe, F.R.C.P.E. 
Professor M‘Intosu, F.R.S. Professor Bowser, M.A., F.L.S. 
Sir Artaur MitcHe tt, C.B. Dr G. WoopHeap. 


Sram A. Acnew, Esq., C.B., M.A. Rosert Cox, Esq. of Gorgie, M.A. 


> 
| 
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The TREASURER’S Accounts for the past Session, with the Auditor’s Report thereon, were 
read. On the motion of Sir DouGLAS MACLAGAN, seconded by Sheriff Forses Irving, these 
were unanimously approved. ' 


Sheriff Irving, seconded by the Lorp Provost, moved that the Auditor be reappointed. 
Agreed to. 


On the motion of the GENERAL SECRETARY, a vote of thanks was passed to the Chair- 
man for presiding. 


DOUGLAS MacLaGaNy, V.-P. 


| 
; 
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STATUTORY MEETING. 


HUNDRED AND SIXTH SESSION. 
Monday, 26th November 1888. 


At a General Statutory Meeting, 
Sir DouGLAS MACLAGAN in the Chair. 


The Minutes of last General Statutory Meeting of 28th November 1887 were read, 
approved, and signed. 


On the motion of Dr Buchan, Messrs ForBEsS IRVINE and YOUNG were invited to act as 
Scrutineers. 


> 


A Ballot having been taken, the Scrutineers reported that the following new Council 
had been unanimously elected :-— 


Sir Witu1am Tomson, LL.D., F.R.S., President. 
Joun Murray, Esq., LL.D., ) 
Professor Sir MacLagan, 

Hon. Lord M‘Laren, LL.D., , 

Rev. Professor Fut, D.D., 

Professor CurystaL, LL.D., 

Tuomas Murr, Esq., LL.D., 
Professor Tait, M,A., General Secretary. 
Professor Sir Wa. Turner, F.R.S., 
Professor Crum Brows, F.RS., Secretaries to Ordinary Meetings. 
Apa Smita, Esq., C.A., Treasurer. 

ALEXANDER Bucuan, Esq., M.A., LL.D., Curator of Library and Museum. - 


Vice-Presidents. 


5 
| 
i 
4 
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COUNCILLORS. 
Sir Mitcuett, K.C.B. Dr G. Sums Woopneap, F.R.C.P.E. 
Starr Acnew, Esq.,C.B. Ropert Cox, Esq. of Gorgie, M.A. 
Rosert M. Ferevuson, Esq., Ph.D. Professor Isaac B. Batrour, F.R.S. 
A. Fornes Irving, Esq. of Drum, LL.D. Professor Ew1na, F.R.S. 
Dr J. Barry Tuxs, F.R.C.P.E. Professor Jack, LL.D. 
Professor Bower, F.L.S. Professor James Grixie, LL.D., F.R.S. 


The Treasurer’s Accounts with the Auditor's Report were presented. On the motion 
of Mr Forses [RvINE, seconded by Dr Bucuan, the Auditor was reappointed. 


On the motion of the GENERAL SECRETARY, a vote of thanks was given to the Chairman. — 


JOHN Murray, V.-P. 
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The following Public Institutions and Individuals are entitled to receive Copies of 
the Transactions and Proceedings of the Royal Society of Edinburgh :— 


London, British Museum. 

Royal Society, 

London. 

Anthropological Institute of Great Bri- 
tain and Ireland, 3 Hanover Square, 
London. 

British Association for the Advancement 
of Science, 22 Albemarle Street, 
London. 

Society of Antiquaries, Burlington 
House. 

Royal Astronomical Society, Burlington 

‘House. | 

Royal Asiatic Society, 22 Albemarle 
Street. 

Society of Arts, John Street, Adelphi. 

Athenzum Club. 

Chemical Society, Burlington House. 

Institution of Civil Engineers, 25 Great 
George Street. 

Royal Geographical Society, Burlington 
Gardens. 

Geological Society, Burlington House. 

Royal Horticultural Society, South Ken- 
sington. 

Hydrographic Office, Admiralty. 

Royal Institution, Albemarle Street, W. 

Linnean Society, Burlington House. 

Royal Society of Literature, 4 St Mar- 
tin’s Place. 

Medical and Chirurgical Society, 53 
Berners Street, Oxford Street. 

Royal Microscopical Society, King’s 
College. 

Museum of Economic Geology, Jermyn 
Street. 

Royal Observatory, Greenwich. 

Pathological Society, 53 Berners Street. 

Statistical Society, 9 Adelphi Terrace, 

Strand, London. 

Royal College of Surgeons of England, 

40 Lincoln’s Inn Fields. , 


Burlington House, 


London, United Service Institution, Whitehall 
Yard. 
University College, Gower Street. 
Zoological Society, 11 Hanover Square. 
The Editor of Nature, 29 Bedford 
Street, Covent Garden. 
The Editor of the Electrician, 396 
Strand. 
Cambridge Philosophical Society. 
University Library. 
Leeds Philosophical and Literary Society. 
Manchester Literary and Philosophical Society. 
Oxford, Bodleian Library. 
Yorkshire Philosophical Society. 


SCOTLAND. 
Edinburgh, Advocates Library. 
... University Library. 
College of Physicians. 
Highland and Agricultural Society, 
3 George IV. Bridge. 
Royal Medical Society, 7 Melbourne 
Place, Edinburgh. | 
Royal Observatory. 
Royal Physical Society, 40 Castle 
Street. 
Royal Scottish Society of Arts, 117 
George Street. 
Royal Botanic Garden, Inverleith 
Row. 
Aberdeen, University Library. 
Dundee, University College Library. 
Glasgow, University Library. 
Philosophical Society, 207 Bath Street. 
St Andrews, University Library. 


| IRELAND. 

Royal Dublin Society. 

Royal Irish Academy, 19 Dawson Street, 
Dublin. 

Library of Trinity College, Dublin. 


| 
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COLONIES, DEPENDENCIES, &c. 
Bombay, Royal Asiatic Society. 
: Elphinstone College. 
Calcutta, Asiatic Society of Bengal. 
Geological Survey of India. 
Madras, Literary Society. 
Canada, Library of Geological Survey. 
Queen’s University, Kingston. 
Royal Society of Canada, Parliament 
Buildings, Ottawa, Canada. 
Quebec, Literary and Philosophical 
Society. 
Toronto, Literary and Historical Society. 
~~ The Canadian Institute. 
Cape of Good Hope, The Observatory. 
Melbourne, University Library. 
Sydney, University Library. 
Linnean Society of New South Wales. 
Royal Society of New South Wales.. 
Wellington, New Zealand Institute. 


CONTINENT OF EUROPE. 


Amsterdam, Koninklijke Akademie van Weten- 
schappen. 
Koninklijk Zoologisch Genootschap. 
Athens, University Library. 
Basle, Die Schweizerische Naturforschende Gesell- 
schaft. | 
Bergen, Museum. 
Berlin, Kénigliche Akademie der Wissenschaften. 
Physicalische Gesellschaft. 
Bern, Allgemeine Schweizerische Gesellschaft fiir 
die gesammten Naturwissenschaften. 
Bologna, Accademia delle Scienze dell’ Istituto. 
Bordeaux, Société des Sciences Physiques et 
Naturelles. 
Brussels, Académie Royale des Sciences, des 
Lettres et des Beaux-arts. 
Musée Royal d’Histoire Naturelle de 
Belgique. 
L’Observatoire Royal. 
La Société Scientifique. 
Bucharest, Academia Romana. 
Buda-Pesth, Magyar Tudomadnyos Akadémia—Die 
Ungarische Akademie der Wissenschaften. 
KO6nigliche Ungarische Naturwissenschaft- 
liche Gesellschaft. 
Catania, Accademia Gioenia di Scienze Naturali. 
Christiania, University Library. 


APPENDIX. 


Christiania, Meteorological Institute. 

Coimbra, University Library. 

Copenhagen, Royal Academy of Sciences. 

Danzig, Naturforschende Gesellschaft. 

Dorpat, University Library. 

Ekatherinebourg, La Société Ouralienne d’Ama- 
teurs des Sciences Naturelles. 

Erlangen, University Library. 

Frankfurt-am-Main, Senckenbergische Naturfor- 
schende Gesellschaft. 

Gand (Ghent), University Library. 

Geneva, Société de Physique et d’Histoire Natu- 
relle. 

Genoa, Museo Civico di Storia Naturale. 

Giessen, University Library. 

Gottingen, Kénigliche Gesellschaft der Wissen- 
schaften. 

Graz, Naturwissenschaftlicher Verein fiir Steier- 
mark, 

Haarlem, Société Hollandaise des Sciences Exactes 

et Naturelles. 
Musée Teyler. 


Halle, Kaiserliche 


Leopoldino - Carolinische 
Deutsche Akademie der Naturforscher. 
Naturforschende Gesellschaft. 
Hamburg, Naturwissenschaftlicher Verein, 6 
Domstrasse. 
Helsingfors, Sallskapet pro Fauna et Flora 
Fennica. 
Societas Scientiarum Fennica (Société 
des Sciences de Finlande). 
Jena, Medicinisch-Naturwissenschaftliche Gesell- 
schaft. 
Kasan, University Library. 
Kiel, University Library. 
Ministerial-Kommission zur Untersuchung 
der Deutschen Meere. 
Kiev, University of St Vladimir. 
Konigsberg, University Library. 
Leyden, Neerlandsche Dierkundige Vereeniging. 
The University Library. 
Leipzig, Prof. Wiedemann, Kénigliche Siachsische 
Akademie. 
Lille, Société des Sciences. 
Lisbon, Academia Real das Sciencias de Lisboa. 
Sociedade de Geographia, 5 Rua Capello. 
Louvain,: University Library. 
Lucca, M. Michelotti. 
Lund, University Library. 


APPENDIX. 


Lyons, Académie des Sciences, Belles Lettres et 

Arts. 

Société d’Agriculture. 

Madrid, Real Academia de Ciencias. 

Comision del Mapa Geologico de Espaiia. 
Milan, Reale Istituto Lombardo di Scienze, Lettere, 

ed Arti. 
Modena, Regia Accademia di Scienze, Lettere, ed 
| Arti. 
Montpellier, Académie des Sciences et Lettres. 
Moscow, Société Impériale des Naturalistes de 
Moscou. 

Société Impériale des Amis d’Histoire 
Naturelle, d’Anthropologie et d’Eth- 
nographie. 

Musée Polytechnique. 

L’Observatoire Impérial. 

Munich, Koniglich-Bayerische Akademie der Wis- 
senschaften (2 copies). 
Naples, Zoological Station, Dr Anton Dohrn. 
. Societa Reale di Napoli—Accademia delle 
Scienze Fisiche e Ma§matiche. 
Neufchatel, Société des Sciences Naturelles. 
Nice, L’Observatoire. 
Palermo, Signor Agostino Todaro, Giardino 
Botanico. 
Societa di Scienze Naturali ed Econo- 
miche. 
Paris, Académie des Sciences de ]’Institut. 
Académie des Inscriptions et Belles Lettres 
de l'Institut. 
Association Scientifique de France. 
Société d’Agriculture, 18 Rue de Belle- 
chasse. 
Société Nationale des Antiquaires de 
France. 
Société de Biologie. 
Société de Géographie, 184 Boulevard St 

Germain. 

... Société Géologique de France, 7 Rue des 

Grands Augustins. 

Société d’Encouragement pour |’Industrie 

Nationale. 

Bureau des Longitudes. 
Dépét de la Marine. 
Société Mathématique, 7 Rue des Grands 

Augustins. 

Ecole des Mines. 
Ministére de |’Instruction Publique. 
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Paris, Musée Guimet, 30° Avenue du Trocadéro. 
Muséum d’Histoire Naturelle, Jardin des 
Plantes. 
L’Observatoire. 
Ecole Normale Supérieure, Rue d’Ulm. 
Société Frangaise de Physique, 44 Rue de 
Rennes. 
Ecole Polytechnique. 
Société Zoologique de France, 7 Rue des 
Grands Augustins. 
Prague, Konigliche Sternwarte. 
Koniglich-Béhmische Gessellschaft der 
Wissenschaften. 
Rome, R. Accademia dei Lincei. 
Accademia Ponteficia dei Lincei. 
Societa Italiana delle Scienze detta dei 
XL. | 
Societa degli Spettroscopisti Italiani. 
Comitato Geologico. 
Rotterdam, Bataafsch Genootschap der Proefon- 
dervindelijke Wijsbegeerte. 
St Petersburg, Académie Impériale des Sciences. 
Commission Impériale Archéolo- 
gique. 
Comité Géologique. 
L’Observatoire Impérial de Pul- 
kowa. 
Physikalisches Central-Observato- 
rium. | 
Physico-Chemical Society of the 
University of St Petersburg. 
Stockholm, Kongliga Svenska Vetenskaps-Acade- 
mien. 
Strasbourg, University Library. 
Stuttgart, Verein fiir Vaterliindische Naturkunde 
zu Wiirtemberg. 
Throndhjem, Videnskabernes Selskab. 
Toulouse, Faculté des Sciences. 
L’Observatoire. 
Tiibingen, University Library. 
Turin, Reale Accademia delle Scienze. 
Upsala, Kongliga Vetenskaps-Societeten. 
Venice, Reale Istituto Veneto di Scienze, Lettere 
ed Arti. 
Vienna, Kaiserliche 
schaften. 
Novara Commission. 
Oesterreichische Gesellschaft fiir Mete- 
orologie, Hohe Warte, Wien. : 
8 K 


Akademie der Wissen- 


| 

| 

| 
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Vienna, Geologische Reichsanstalt. 
Zoologisch-Botanische Gesellschaft. 
Zurich, University Library. 
Commission Géologique Suisse. 


ASIA. 
Java, Bataviaasch Genootschap van Kunsten en 
Wetenschappen. 
. The Observatory. 
Japan, The Imperial University of Tokio 
(Teikoku-Daigaku). 


UNITED STATES OF AMERICA. 


Albany, New York State Library. 
American Association for the Advancement of 
Science. 

Baltimore, Johns Hopkins University. 
Boston, The Bowditch Library. 

American Academy of Arts and Sciences, 

Beacon Street, Boston. 

Society of Natural History. 
California, Academy of Sciences, San Francisco. 
Cambridge, Mass., Harvard University. 

Harvard College Observatory. 

Chicago Observatory. 


Clinton, Litchfield Observatory, Hamilton College. . 


Concord, Editor of Journal of Speculative Philo- 
sophy. 

Denison, University and Scientific Association. 

Philadelphia, American Philosophical Society. 


APPENDIX. 


Philadelphia, Academy of Natural Sciences,” 
Logan Square. 
os Geological Survey of Pennsylvania. 
Salem, The Peabody Academy of Science. + 
St Louis, Academy of Sciences. 
Washington, United States National Academy of 
Sciences. 
Bureau of Ethnology. 
United States Coast Survey. 
United States Fishery Commission. 
United States Naval Observatory. 
United States Geological Survey of 
the Territories. 
United States Signal Office. 
The Smithsonian Institution. 
Surgeon-General’s Office, United 
States Army. 
Wisconsin, University (Washburn Observatory), 
Madison. 
Yale College, Newhaven, Connecticut. 


MEXICO. 
Mexico, Observatorio Meteorologico Central. 


SOUTH AMERICA. 


Buenos Ayres, Public Museum, per Dr Burmeister. 
Cordoba, Argentine Republic, Academia Nacional 
Ciencias. 
e Observatory. 


Rio de , The Astronomical Observatory. 


All the Honorary and Ordinary Fellows of the Society are entitled to the Transactions and Proceedings. 
- See Notice at foot of page 1150. 


The following Institutions and Individuals receive the Proceedings only :— 


SCOTLAND. 
Edinburgh, Botanical Society, 5 St Andrew Sq. 
Geological Society, 5 St Andrew Sq. 
Scottish Fishery Board, 101 George 


Street. 

Scottish Geographical Society. 

Mathematical Society, 8 Queen 
Street. 

Scottish Meteorological Society, 122 
George Street. 


Pharmaceutical Society, 36 York Pl. 
Geological Society of = 207 Bath Street. 


| 


The Glasgow University Observatory. 
Berwickshire Naturalists’ Club, Old Cambus, 
Cockburnspath. 


ENGLAND. 


London, Geologists’ Association, University 
College. 
Mathematical Society, 22 Albemarle 
Street, London, W. 
Institution of Mechanical Engineers, 
10 Victoria Chambers, Victoria Street, 
Westminster. 


APPENDIX. 


London, Mefeordlogical Office, 116 Victoria Street. 
The Meteorological Society, 25 Great 
George Street, Westminster. 
Nautical Almanac Office, 3 Verulam 
Buildings, Gray’s Inn. 
Pharmaceutical Society, 17 Bloomsbury 
Square, London. 
Birmingham Philosophical Society, King Edward’s 
Grammar School. 
Cornwall, Geological Society. 
Royal Institution of Cornwall, Truro. 
Epping Forest and County of Essex Naturalists’ 
Field Club. 
Halifax, Geological and Polytechnic Society of 
Yorkshire. 
Liverpool, Literary and Philosophical Society. 
Biological Society, University College. 
Manchester, Geological Society, 36 George Street. 
Microscopical Society, care of the 
Secretary, 131 Embden Street. 
Newcastle, Philosophical Society. 
North of England Institute of Mining 
and Mechanical Engineers. 
Norfolk and Norwich Naturalists’ Society, The 
Museum, Norwich. 
Oxford, Ashmolean Society. 
--- Radcliffe Observatory. 
Scarborough, Philosophical Society. 
Whitby, Philosophical Society. 


IRELAND. 
Dublin, Royal Geological Society. 
Dunsink Observatory. 


Belfast, Natural History and Philosophical 
Society. 


COLONIES, DEPENDENCIES, ETC. 
Adelaide, South Australia, University Library. 
Royal Society. : 
Bombay, Natural History Society. 
Brisbane, Royal Society of Queensland. 
Canada, Natural History Society of Montreal. 
Canadian Society of Civil Engineers, 
Toronto. 
Halifax, Nova Scotian Institute of Natural Science. 
Melbourne, Royal Society of Victoria. 
Sydney, The Australian Museum. 
Hong Kong, China Branch of the Asiatic Society. 
The Observatory. 
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Madras, Superintendent of Government Farms of 
Madras Presidency. 
Queensland, Royal Society. 
: Queensland Branch of Geographical 
Society. 
Government Meteorological Office. 
Tasmania, Royal Society. 


CONTINENT OF EUROPE. 


Amsterdam, Genootschap der Mathematische 
Wetenschappen. | 
Berlin, Deutsche Meteorologische Gesellschaft. 
K. Technische Hochschule. 
Bonn, Naturhistorischer Verein der Preussischen 
Rheinlande und Westfalens. 
Bern, Naturforschende Gesellschaft. 
Bordeaux, Société de la Géographie Commerciale. 
Brunswick, Verein fiir Naturwissenschaft. 
Bucharest, Institut Météorologique de Roumanie. 
Cassel, Verein fiir Naturkunde. 
Chemnitz, Naturwissenschaftliche Gesellschaft. 
Cherbourg, Société Nationale des Sciences Natu- 
relles. 
Copenhagen, Naturhistoriske Forening. 
Cracow, Académie des Sciences. 
Delft, Ecole Polytechnique. 
Dijon, Académie des Sciences. 
Erlangen, Physico-Medical Society. 
Gratz, Chemisches Institut der K. K. Universitit. 
Halle, Verein fiir Erdkunde. 
Naturwissenschaftlicher Verein fiir Sachsen 
und Thiiringen. 
Hamburg, Verein fiir Naturwissenschaftliche 
Unterhaltung, 29 Steindamm, St Georg. 
Helsingfors, Société de Géographie Finlandaise. 
Iceland, Islenzka Fornleifafelag, Reikjavik, Iceland. 
Lausanne, Société Vaudoise des Sciences Natu- 
relles. 
Leipzig, Naturforschende Gesellschaft. 
Lille, Société Géologique du Nord. 
Luxembourg, Société des Sciences Naturelles, 
Lyons, Société Botanique. 
Société Linnéenne, Place Sathonay. 
Marseilles, Société Scientifique Industrielle, 61 
Rue Paradis. 
Milan, Societ&a Crittogamologica Italiana. 
Modena, Societa dei Naturalisti. 
Nijmegen, Nederlandsche Botanische Vereeniging. 
Oberpfalz und Regensburg, Historischer Verein. 


| 
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APPENDIX. 
Odessa, New Natural History Society. Chapel Hill, North Carolina, Elisha Mitchell 
Offenbach, Verein fiir Naturkunde. co Scientific Society. 
- Paris, Societé d’Anthropologie (4 Rue.Antoine | * Chicago Observatory. 
Dubois). Cincinnati, Observatory. > 
. Société Philomathique. . Society of Natural History. 
Ecole Libre des Sciences Politiques. Ohio Mechanics’ Institute. 
Bureau des Ponts et Chaussées. Colorado, Scientific Society. 


Sociétés des Jeunes Naturalistes et d’Etudes 
Scientifiques, 35 Rue Pierre-Charron. 
Pisa, Nuovo Cimento, 
St Petersburg, Imperatorskoe Russkoe Geogra- 
phicheskoe Obtshéstvo. 
Stockholm, Svenska Sallskapet for Anthropologi 
och Geografi. 
Tiflis, Physical Observatory. 
Trieste, Societs Adriatica di Scienze Naturali. 
Museo Civico di Storia Naturale. 
Tromsé, The Museum. 
Utrecht, Provinciaal Genootschap van Kunsten 
en Wetenschappen. | 
Vienna, K. K. Naturhistorisches Hofmuseum., 
L, Burgring, 7. 
Zurich, Naturforschende Gesellschaft. 


ASIA. | 
China, Shanghai, North China Branch of the 
Royal Asiatic Society. 
Japan, Tokio, The Seismological Society. 
Yokohama, Deutsche Gesellschaft fiir 
Natur- und Voélkerkunde Ostasiens., 


Java, Koninklijke Natuurkundige Vereeniging, | 


Batavia. 


UNITED STATES. 
Annapolis, Maryland, St John’s College. 
California, State Mining Bureau, Sacramento. 
The Lick Observatory, Mount Hamil- 
ton, vid San José, San Francisco. 
University of California (Berkeley). 


Connecticut, Academy of Arts and Sciences. 
Davenport, Academy of Natural Sciences. 
Iowa, The State University of Iowa. 
Minnesota, The Geological and Natural History 
Survey of Minnesota, Minneapolis, 
Minnesota. 
Nebraska, The University of Nebraska, Lincoln. 
New Orleans, Academy of Sciences. 
New York, The American Museum of Natural 
History. 
The American Geographical and Sta- 
tistical Society, No. 11 West 29th 
Street, New York. 
Philadelphia, Wagner Free Institute of Science. 
Salem, The Essex Institute. 
Peabody Academy of Science. 
Trenton, Natural History Society. 
Washington, Philosophical Society. 
American Museum of Natural His- 
tory, Central Park. 
United States National Museum. 
Wisconsin, Academy of Sciences, Arts, and Letters 


SOUTH AMERICA. 
Rio de Janeiro, Museo Nacional. 
Santiago, Deutscher Wissenschaftlicher Verein. 


MEXICO. 
Mexico, Observatorio Metorologico-Magnetico 
Central. 
Sociedad Cientifica, “‘ Antonio Alzate.” 
Tacubaya, Observatorio Astronomico. 


NOTICE TO MEMBERS. 


All Fellows of the Society who are not in Arrear in their Annual] Contributions, are entitled to receive Copies of 
the Transactions and Proceedings of the Society, provided they apply for them within Five Years of Publication, 


Fellows not resident in Edinburgh must apply for their Copies either personally, or by an authorised Agent, at the 


Hall of the Society, within Five Years after Publication. 
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INDEX TO VOL. XXXV. 


A 
Acid Rocks in British Isles, 143. 
Adiantides, 421. 


Arrxen (Joy). On the Number of Dust Particles 


in the Atmosphere, 1. Introduction to the 
Method of Counting, 2. Description of Appa- 
ratus, 5. Estimated Number of Particles in Air 
from Different Sources, 18. 

Alethopteris, 322, 410. 

Alkali-Metals. The Behaviour of the Hydrates 
and Carbonates of the Alkali-Metals at High 
Temperatures. By Professor W. Ditrmar, 
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